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ABSTRACT

The Comprehensive Hydrostatic Quality Control {(CHQC) of
rawinsonde data of height and temperature at mandatory isobaric
surfaces designed and implemented at the National Meteorological
Center in Washington is described in detail. Main principles of
the complex, or comprehensive, quality control are discussed,
followed by a brief description of the CHQC design and
implementation at NMC. The CHQC algorithm is presented, with
particular emphasls on the Decision Making Algorithm. HNumerous
examples taken from the operational CHQC outputs 1lllustrate the
CHQC performance in general, as well as its reaction to errors of
various types and to their combinations.



1. Introduction

The térm "quality control'of meteoroclogical data" is often
understood in a wide sense, encompassing all actions connected
with the guality, and'often also with the quantity, of the data.
Alongside with this understanding, or maybe even instead of it,
it is worthvhile to understand the term‘in 4 narrov sense, as a
set of actions directed against so-called rough errors in
meteorological information. Unlike random errors, which
influence all meteorological data but are usually comparatively
small, rough errors may be, and often are, large enough, but they
are present in a small part of all data. Each rough error is dué
to some definite cause, which may be a deficiency in observation,
processing, or communication. The aim of the quality control is
to detect the rough errors and then to correct every erroneous
datum, or, if this proves to be impossible, to redject it.

The necessity to perform the quality control of
meteorological data had been recognized long ago. This task has
become much more important during the last decades, particularly
in connection with numerical weather prediction. There exists
numerous evidence that retention of erroneous data,‘or even
rejection of too many correctable data, may substantially distort
the objective analysis results and lead therefore to large errors
in predicted fields. The relative importance of the guality
control i; permanently increasing alongside with improvement of
the analysis and prediction models, the deficiencies in initial
data thus becoming the major source of erroneous forecasts. 1t

is to be stressed in this respect that the more advanced is the



prediction model, the more sensitive it is to the errors in
initial data.

At the same time, the guality control problem has beconme
much more complicated nowadays due mainly to two interconnected
factors, (1) a dramatic increase in the amount of operationally
available data, and (2) the development and implementation of new
kinds of meteorological observations, particularly of satellite
soundings. Due to the huge amount of data, it is absolutely
impossible to perform their guality control manually,
particularly under operational conditions.

The necessity to have an automated, computerized, guality
control had been recognized at the beginning of the NWP era, and
some methods of such quality control were proposed at that time.
Nevertheless, there still exists an opinion, or rather a
superstition, that the quality control is to be based on human
intuition and experience, and that it is impossible to program
for a computer the complicated ways of judgement performed by a
spécialist. The role of a computer is often thought of as that
' of a means to display the information in a form convenient for a
visual inspection and quality control by a human being.

This opinion is, of course, wrong. Any chain of judgements,
however complicated it is, may be easily coded for a computer,
provided that it is precisely formulated. The code has to
contain not only various procedures for detecting suspicious
data, the so-called checks, but also a decision making algorithm

(DMA) designed to analyze the results of checks in order to



éancluﬁe whlch of the suspected data are wrong and, 1f posslble,
to correct then. |

There afe two main advantages of the automatig guality
control over the subjective one: the speed and the objectiveness.
The speed even of a moderate computer makes it capable of
performing the guality contrél of the whole amount of operational
data, the aim not achievable even by a huge team of human beings.
The objectiveness of the automatic guality control is also very
important. fhere existed manj cases when the same situation with
suspected‘data was differenﬁly treated by different specialists.
{Of course,rsuch cases never occur with the automatic guality
control.) It is ilmportant to undefstand, however, that the
automatic quality control is objective only'in the same sense as
this is valid for objective analysis, numerical prediction, and
so on. The results of the quality control do depend on the coded
algorithm and may substantially’change due to even slight
nodifications of the algorithm.

What has been said about the advantages of an automated
quality control does not imply that there is, or will be, no
place for Human activity connected with it. -The monitqring of
the quality control performance is very important for improving
both the algorithms applied and the data quality itself. |
Although many stages of this guality control monitoring may, and
should, alsc be performed automatically, there still exists much
room for subjective considerations»and decisions made by
specialists. Moreover, experience shows that there exist some

cases, though very rare ones, when the data under check are
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as long as such a declslion cannoet be made, every suspected datum
has to be retained. Also often, however, 1t happens that there
is no slightest doubt that the quality controlled datum is wrong
and 1t is absolutely clear how to correct it. 1In every such
case, there éxists no reason to retain the erroneous datum, even
alongside with the corrected value. OQur experience shows that no
one at NMC or elsewhere ever tried to access any datum after it
had been confidently corrected at NMC by the Comprehensive
Hydrostatic Quality Control described below, although such data
were retained because we were obliged to follow this requirement.
It seems Jjust improper for a prognostié center to apply
confidently corrected data for its internal use, while concealing
this from other users of the information. Analogously, it also
happens sometimes, though more seldom, that the datum undexr
quality control is found to be definitely wrong and, also
definitely, uncorrectable. Once again, there is no slightest
reason to preserve such data, they have just to be rejected.

May we tolerate that a guality control procedure results
sometimes in rejection of a datum which is actually correct orx
even introduces an erroneous correction? The common opinion is
that situations of this kind have to be completely avoided at any
price. In reality, however, even if this aim is achievable, the
price would be too high: a guality control system obeying this
requirement would be capable of managing only a small percentage
of actually occurring errors. There exist, in principle, two
kinds of erroneous behavior of any quaiity control: the errors of

the first kind, when it does not reject or correct vwrong data,



and the errors of the second kind,‘whén 1t rejects correct data
or introduces wrong corrections. The task of every reasonable
guality control design is to make the numbers of errors of both
kinds as small as possible, preserving some balance between these
two numbers.

Although the general statements above seem evident for us,
we felt it desirable to discuss them in some detail, because they
differ from views expressed by many specialists, particularly,
though not exclusively, by those not involved dirsctly in thes
quality control design or application.

As mentioned above, methods of automatic guality control
began to be developed and implemented soon after the first
successes of numerlcal weather prediction, about four decades
ago. Nowadays, such methods are in operational use at every
center producing numerlical weather forecasta. Analysls shows,
however, that the guality control methods now in use do not
differ much from those proposed long ago, which may be caused by
the fact that the guality control is still considered by many
specialists as a purely technical problem. 1In any case, the
presently used quality control systems still contain some more or
less evident shortcomings. So, the so-called f£lagging is widely
used in connection with various guality control procedures. A
special digit, a "flag", is assigned to every datum suspected by

one or another check. One of the purposes of this is not to take

erroneous data intoc account in the forthcoming objective

analysis, not losing, at the same time, these data at all. One

may, certainly, argue that at least an attempt to correct



errongous data has to be undertaken, and alzo, whether it is
really desirable to retain definitely wrong data. There exists,
however, another, more advanced kind of flagging based on the
fact that several more or less independent quality control checks
have to be applied to each suspected datum in order to decide
whether it is correct or wrong. The usually applied procedure
for that is based on flags assigned to the datum in guestion by
various checks. This means, however, that the quantitative
information achieved by using each quality control check is
replaced by a qualitative, or semi- gqualitative information - by
a flag. This loss of information results in a substantial
decrease of the quality control possibilities, particularly of
the possibility to estimate, and thus to correct, the error. It
may even happen that, according to one of the checks, the value
in guestion was too high, while another check diaghosed the same
value as being too low. This fact will not be, however,
reflected by the flags, and the datum will be rejected, although
some other datum or data must definitely be wrong in such a case,
either alongside with the datum in guestion or even instead of
it. Even if the effect will be less dramatic, it is absolutely
clear that by replacing the quantitative results of various
checks by flags we can only lose important information while
gaining practically nothing. Nevertheless, flagging of data is
continuing to be widely used almost everywhere, and particularly
at NMC.

The application of flagging procedures is, perhaps, the

major shortcoming of guality control systems novw in use, but



unfortunately, far from the only one. For example, there is no
reason for data containing very large errors to be rejected
before other tests are appllied. In fact, the larger an error,
the higher is the probability that the error has originated not
in the course of observation but later, particularly on a
communication line. In many cases, such data may be confidently
corrected and used after that for many purposes, including the
quality control of other data.

In general, the oplnlon shared by many speclalists iz that
the existing quality control systems, or at least many properties
of them, are due to historical reasons rather than to logical
ones. In any case, there exist numerous examples where objective
analysls and subsequent forecast showed deficiency in one or
another area as a direct result of incorrect quality control.

Based on the declsion by ¥W. Bonner, NMC Dlrector, some work
has begun at NMC directed towards design of the new NMC data
gquality system from scratch, rather than improvement of the
existing system. The design includes, émong other things, the
application of the so-called Complex, or Comprehensive, Quality
caﬁtrql {(cQc) approach (Gandin, 1588, 15%8%). The main o0 idea
is that several checks, actually as wmany of them asg posslble,
have first to be applied to the data under the gquality control,
and any decision regarding correction or rejection of some of the

data has to be made only after the application of all available

checks and to be based on results of all of them. This means

that the CQC algorithm has to consist of two major parts, the
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firat of them belng the applicatlon of all checks, and the second
one the Decision_Making Algorithm {(DMA).

The first stage of the work at NMC in this direction, the
désign and implementation of the Comprehensive Hydrostatic
Quality Controel (CHQC), is described in this paper.

Only one check, the hydrostatic one, is used within the
CHQC, and this may seem to contradict the CQC idea. 1In fact,
however, the hydrostatic check is applied to many layers for
every report, and if decisions are based on the analysis of its
results for several layers, as really is the case with the CHQC,
then we may consider it as a kind of CQC. It does contain a
comparatively advanced DMA, which is also characteristic for the
CQC approach.

We have to admit, of course, that the CHQC design was only
the first step in the design and implementation of the new NMC
data quality control system. Among various kinds of
observations, it deals only with rawinsonde data. Only helights
and temperatures are subjected to the guality control, leaving
aside wind and humidity. Only mandatory le#el data are quality
controlled as yet, not the significant level data. Finally, only
one check, the hydrostatic one, is included.

Despite all these limitations, the CHQC proves to be very
productive, which is due to the fact that the hydrostatic
redundancy, caused by the presence ofvdata on both heights and
temperatures of mandatory surfaces in rawinsonde reports, is the
most pronounced redundancy in meteorological information

available at prognostic centers. It may be mentioned in this
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" regpect that this redundancy would be even higher if height,
temperature and pressure were measured independently, in other
words, 1f the hydrostatic equation were not used to derive one of

these paranmeters.

2. Deslign, testlng, and lmplementation

It is highly desirable, when beginning the guality control
design for any data, to have information on rough errors in the
data: what are the major causes of these errors, to what extent
may 1t be posslible to detect and even to correct erroneous data,
and most important, how often the errors occﬁr? Unfortunately,
such information is almost never available at this stage, just
because the only way to obtain reliable information of this kind
is to apply the gquality contrél procedure to the data in
guestion. It is particularly so because an overvhelming majority
of data do not contain rough errors, and in order to obtain more
or less reliable statistics about the errors it is necessary
therefore to apply the quality control procedure to very large
amount of data. The situation in this respect was even worse
than it could be 1f existing gquality control methods paid any
attention to the causes of rough errors.

We have found ourselvez In thls zltuation at the beginnling
of the CHQC design. We did kno&, that not very long ago, there
wvere many iough errors in rawinsonde data on height and \
temperature of mandatory iscbaric surfaces and that the errors
originated mainly on communication lines due to human errors
(Gandin, 15%88). At the same time, vwe knew that the numbers of

these errors had permanently decteased because of the
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computerization of both data processing at ravwinsonde statlons
and communication procedures, and it was not clear whether the
errors of this kind continue to exist nowadays, and if they do,
how often they occur.

We decided therefore to proceed sequehtially: to design
first a comparatively simple guality control algorithm, to apply
it to a sufficiently large amount of arriving data, and then,
depending on results of this test, to decide what to do next.

This work was begun iIn January 1988, and the overall
situation became clear after several months. The main conclusion
is that the geographical distribution of the errors in gquestion
13 highly non-homogeneous. There exlst countries - USA, Canada,
some West-European countries - where the processing and
communication procedures are completely, or almost completely,
computerized, and rough "hydrostatic" errors, ( errors detectable
by the hydrostatic gquality control ) occur therefore very seldom.
At the same time, there still exist large areas where the
computerization did not take place, or at least was not complefe
enough, so that there still remain a substantional number of
hydrostatic errors in reports coming from these areas. For
example, USSR, India and continental China produce together about
a half of all hydrostatic errors. 1In general, about 7 or 8% of
all rawinsonde reports received at NMC contain at least one
hydrostatic error each.

We have also foﬁnd, at this stage, that many of these errors
belong‘to the category of what may be called "simple" exrors,

like an error in only one digit expressing, e.g., the number of

13



hectometers, or an error 1n the temperature sign. This
demonstrates that the majority of the exrors are caused by human
mistakes happening in the course of the data processing at
stations and particularly in the course of communicating themn.
Many such errors, 1f they are large enough, may be univaluedly
diagnosed, so that data containing them may be confidently
corrected. 1In oxrder to be capable of doing so, the Decision
Making Algbrithm has been substantially improved. The present
DMA recognlzes most often occurlng typezs of slmple errors,
namely, one-digit errors, errors resulted in transposition of two
or more digits, sign errors (in temperature}, and combinations of
3ign errors with one-digit or transposition ones. By doing so,
the DMA 13 also capable, in many cases, of correcting so-called
"shifting errors", when one digit is missing, all others being
correct..

After extensive testing, the Comprehensive Hydrostatic
Quality Control has been implemented operationally at NMC on
December 14, 1988, £irst.£or two global data assimilation times a
day and soon after that it has bequn to be applied for all data
dumps. It has not replaced, as yet, any of existing checking
procedures, but 1s applied before them. Experience shows that
data confidently corrected by the CHQC are practically never
rejected by subsequent checks.

The CHQC performance is beling carefully monitored both by

the NMC Meteorological Operations Division specialists and by the
designers, by means of printed outputs. 1In addition to them,

monthly summaries are also produced by the computer at the end of
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each month., They are also sent to some other centers, both
within the United States and outside.

There also exists a kind of human-machine interaction in the
course of the CHQC. 1If an error happens to be at the lowest
reporting level (a so-called Type 4 error, see section 3c¢), then
the DMA proposes two possible corrections, either of height or of
temperature. The same is true with the suspected errors at the
highest reporting level (Type 5 errors). Having corresponding
outputs at hand, a MOD staff member declides in each such case,
which of the two correctipns, if any, to make.

Operational use of this procedure allows to correct more
erroneous data, than it would be possible without it. We
believe, however, that the main achievement connected with this
procedure was the demonstration of rational ways of the human-
machine interaction in the course of quality control, when almost
everything is performed automatically, 50 that specialists have
enough opportunity and time to make final decisions in rare cases
vhen that cannot be done univaluedly by the algorithm.

There is no doubt that in the near future, when the
hydrostatic check will be used in a complex with other,
statistical, checks, an overwhelming majority of Type 4 and 5
errors will be dealt with entirely automatically, so that the MOD
specialists will be able fo devote their efforts to decision
making in much more complicated cases. Experience gained with
the present interaction procedure will be very useful in this

respect.
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The'desiqn of a new, improved version of the CHQC has begun
soon after the previous one had been impleﬁented. The aim was
threefold. First, it has been found that errors at two adjacent
levels occur more.often thanvwe expected, and it was desirable to
make the Decision Making Algorithm capable of detecting and
correcting them. Secondly, it was possible to make the DMA
criteria for hydrostatic errors of various types more consistent
with each other. Finally, a ieordering of the DMA has been
performed in order to faclilitate 1tz further generalization when
statistical quality control checks will be included. Detailed
testing of the new algorlthm in parallel with the operational one
and corresponding improvements of the new algorithm reguired
several months. On July 12, '1989, the new version wvas
implemented operationally instead of the previous one. Only this

vergsion will be described in the next Section.

3. The method

The comprehensive hydrostatic quality control is based upon
an examination of the pattern of hydrostatic residuals (to be
defined below) caused by errors. it is a rather easy problem to
determine what the reziduals would be for a particular error or
pattern of errors. The actual problem consists in finding the
errors which caused a particular pattern of residuals. This
"backward" problem is much more complex, especially in view of
our examination of mandatory level data only and the resultant
approximate agreement of the data with the hydrostatic equation.

These 1ssues will be made more clear in the dlacussion below.

le



The hydrostatic &qﬁatian integrated through a layer betveen

pressures pj and pj41 may be written in the form |
zj+1 - 2zi = -(R/g) in$i d{1lnp) (1)
Pj

where 2z 1s height, p is pressure, R is the gas constant for dry
air, and Ty is the virtual temperature. A sample of data over
the globe shows that the effect of humidity, that is, the mean
difference between mandatory level heights solved for using
virtual temperature and "dry" temperature, is about 5 meters in
the 1000-850 hPa layer, 2 meters in the 850-700 hPa layer, and
negligible above. We want to isolate the examination of heights
and temperatures from any possible érrors In the dew-point
temperature depression. One approach would be to account for
humidity by'using a standaxd or.climatological profile, but since
we are always capable of detecting only those errors in the data
that are significantly larger than the humidity effect, we have
chosen not to-explicitly take into account the humidity
influence. Between mandatory levels, the hydrostatic equation is

wvritten as

R | Ty o+ Tie . P1

Zj4p ~ 2j = = | ———— + t3i*l Jeln|—
g 2 Pi+1

(2)

where T is the dry temperature and tii+1 is the adjustment to
make Egn. (2) exact; it combines any random effects of humidity
errors and nonlinearity of temperature as a function of 1n(p),
since the average temperature at the top and bottom of the layer
is used to represent an integrated mean temperature. (It does

net include the small conslstent effects of humidity, which are
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merely ignored.) In a large ensemble of cases, the average of
tj1*l is assumed to be zero. It is noted that at this point, it
is still assumed that the temperatures and heights contain no
€rrors.

By shlfting the temperatures to Celsius, Egn. (2) may be

written in the forn:

. . Ti * Tiel ;
Zi+]1 — Zj = Aj_]'+1 + 2B11+l 2 N til+1 )
where
a1+l = (RT,/g9) 1n(pi/pi+1) (4)
Bii*l = (R/2g) 1n(pi/pi+1)

and Ty = 273,15 K. The hydrostatic residual is defined (see
Fig. 1) as
TR TR R R TR IS - TEAC NN TR FRED) (3)
Examination of the pattern of hydrostatic residuals forms the
essence of the method of hydrostatic quality control. 1In the
absence of a rough error:
sii+1 = 2 Bii+1 tii+1 (6)
Now assume that the heights and temperatures are composed of an
exactkvalue (subscript o) plus a rough error (primedf:
2] = Zoy * 274 |
' (7)
Ty = Tog + T'
With rough errors, the residuals are:
siitl = 27541 - 27y - Byltl(Try + Try4g - 2t3itD) (8)
Egn. (8) forms the basis for further development of the wethod of

hydrostatic checkling and correction.
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The most general case to be consldered will invoelve the
residuals in three adjacent layers with at most two errors at the
interior levels. The equations are

512 = z'y - By2e(T'y - 2t1%)

s93 = z'3 - z'y - Bgs°(T'2 + T'y - 2t23) ‘ (9)

s34 = —z'3 - Bzde(T'3 - 2t3%)
wvhere it is assumed that there are no errors at the outer levels,
i.e. 2'7 = 2'4 =T'1 = T'4 = 0. Only special cases of this
system of equations will be considered. The general principles
of the development may be illustrated by considering the
correctlion to a single height value or single temperature value.

Appendix A considers some more complicated cases.

a. Special Case -- Single Helght Error: (Type 1 error)

A hydrostatic error is suspected only when at least one
residual in a profile is "large", i.e., its absolute value
exceeds the admissible value that has been detexmined empirically
for each layer. Table 1 shows the admissible values in present
use. These values are about 7 standard deviations of the
residuals when no errors are present. When there are missing
data, the admissible residual must be specified over two or more
mandatory pressure layers. It is calculated as the square root
of the sum of squares of the individual layer admissible
residuals.

In the case of a single height error it is assumed that the
interior residuals, 523 and 534 (see Fig. 1) are large and

z'9 = T'3 = T'3 = 0, and z'3 is not zero.

1s



Bgns. (11) thus become

2'3 = 553 - 2By3et,3

(10)
_2'3 = 534 - 2323.t34
Adding the eguations gives
(s93 + s3%) = 2(Bpety3 + Bylet3?) (11)

This Egn. will hold whether there is an error z's or not (but
does not hold in the presence of a temperature error). Squaring

and averaging this equation over many realizations, assuming that

the t11+1's are independent of each other, glves

(533 + s3%)2 = 4[(323)2(t33)2 + (334)2<t34)2] (12)

From Egqn. {&}:

(ty1+lye = (s;1+1/2;1%1)2 (13)
It is found from statistics of the residuals that
€11+1 = (TE;TIITZ)% is nearly independent of height (equal tQ
about 2 degrees), and will be assigned the constant t. Egn. (13)

can therefore be written as

%
2[(323)2(t23)7 + (334)2(t33>2]

|823 + S34|

- | Y
2 t [(323)2 + (334)2] (14)

Egn. (14) holds even in the presence of a single height error,
but for other kinds of erxrrors, the sum on the left-hand-side of
Egn. (14) will have a larger value, so the equation can be used

to determine when a single height error is present.
The condition used is:

%
- T 1
|s23 + s34] < 2 tap, l(323)2 + (334)21 = 73" (15)

20



where-ggll is related to E, but empirically determined.
Presently, a value of 3.5 degrees is used. The magnitude of the

error 1ls determined from (12):

il

z'3 %(523 - 534 - 2323°t23 + 2334°t34)
' (16)

%(s93 - s3%)

R

The correction, dz3, is the negative of the error. It is applied
only if it satisfies the magnitﬁde condition:

|6z3(1] > z3* (17)
The superscript (1) on 8z3 is used to signify the correction to
an error of type 1l: a correction to a single height error.
- Examples will be given in section 6 of the various error types

and the corrections.

b. Speclial Case -- Single Temperature Erxror: (Type 2 error)
In this case, the residuals 523 and 534-are assumed to be
large, z'9g = T'9 = z'3 = 0, and T'3 is not zero. Egns. (11)
become |
‘323°T'3 = 523 - 2323-t23
(18)
—334'T'3 = 534 - 2334't34
It is séen that a single tenperature error will cause residuals
which, when divided by the layer B's, will be closely equal.
Subtracting shows this more clearly:
523/523 - 534/B34 = 2(t23 - t34) (19)

Define the hydrostatic residual in terms of temperature instead
of height: -

xii+1 = Sii+1 / Bii+l - (20)
Egn. (190) becomes

X33 - x34 = 2(t33 - 3% (21)
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This equation will hold whether there ls a single temperature
error or not. Consider its average for a large ensemble of
~cases, remembering that the t's are assumed to be independent and

have zero mean.

(x23 —~ x34)2

2((t33)4 + (t3%) <)
4 t2 (22)

Therefore

[X23 - x341 =21t (23)
It has been~assumed.that the two layer residuals.sz3 and 534 are
"large®. Therefore, there is an error present. However, the

errors may be any magnitude and Eqn. {(22) is still wvalid, yet for
other types of errors, the left-hand-side of Egn. (22) will be
larger. Therefore, in a particular case, we diagnose a single

temperature error when

|X23 - X34| < 2 Eéll = T3* (24)

The error is obtained from Egns. (18):

T'3 -%(X23 + X34 - 2t23 - 2t34)
(25)
“%(Xp3 + x3%)

4]

The correction is the negative of the error. It is applied only
when the correction satlsfles the magnitude condition:

jer3 (2| > r3* (26)
The superscript (2) on 6T3 is used to signify the correction to

an error of type 2: a correction to a single temperature error.
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c. Large Reslduals in the Bottom or Top Layer (Type 4 and 5
errors)

When large residuals occur in either the top or bottom

layers, 1t is not possible from this information alone to

determine the cause of the error. For a large residual in the
lowest layer, the cause could be a temperature error at the
lowest level, a height error at the lowest 1eve1; or an error in
the computation of the thickness of the lowest layer, leading to
all heights above the lowest being in exrxor. PFor a large
residual in the top layer, the cause could be elther an error in
the top level temperature or height. An error in the top level
height could be either due to a communication error for this
height or a computation error for the layer thickness, in which
case the height error is egqual to the thickness error. For these
cases, we suggest height and temperature corrections, either of
vhich would lead to zero resldual. For convenience, errors at
the bottom are called Type 4 and errors at the top are called

Type 5.

e. Multiple Errors (Error Types 3,7,8,9,10)

If a profile of temperatures and heights contains more than
one error and the errors are separated by at least one level of
correct data, then the correction is no different than for an
isolated exror; each error is considered separately. If there
are two errors at adjacent levels, then equations (10) are
appropriate to consider. A derivation is given of the exiétence
and magnitude conditions for two height errxors (Type 7), two

temperature errors (Type 8), or lower height and upper
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temperature errors (Type 9) in the Appendix A. If there are two
errors at the same level, then sometimes the two passes of the
: decision-making-algorithm will make the necessary corrections
(one during eéch~pass), but more usually a pair of corrections
that lead to zero residual are only suggested. (Type 3 errors.)
Table 2 shows the corrections, Table 3 the existence
conditions, and Table 4 the magnitude conditions for single-layex
or double-layer errors. The suggested corrections for cases
vhere confldent corrections may not be made are also glven in

Tahle 2.

4. The Decislion-Making Algorithm

The Hydrostatic Complex Quality Control at NMC represents
the first stage in the development of a new Comprehensive Quality
Control system. And the Decision-Making Algorithm (DMA) within
the CHQC represents the first of several DMA's to be developed.
It might be supposed that a general purpose artificial
intelligence program could be used to determine the hydrostatic
errors and make the coxrections. And indeed it might be possible
for some of the functions of the DMA to be performed in another
wvay. But we believe that the description of the DMA will make it
clear that the artificial intelligence that it contains is very
particular to this problem.

Because of the very specialized logic that is necessary for
hydrostatic error coxrrection, there will be -a detailed
description of the DMA. The logic is complicated and yet the

reduired computer time is minimal since only suspected reports
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are examined., It will be clear that the DMA 1s conservative in

the sense that only confldent corrections are actually applied.

Sa. Ovérallwstrategy

The Decision-Making Algorithm (DMA) was designed with the
‘gbjective of making the maximum number of confident corrections
possible. Most of these corrections are simple height or
temperature corrections (types 1 and 2). More complicated
confident corrections form only about 5 percent of the total.

The strategy that was developed begins by consideration of a
vrawinsonde profile upward from the lowest reported level. A set
of three layers is considered at a time.v First, confident height
or temperature corrections are considered for the upper two of
the three layers, and failing to £ind any, then all three layers
are considered for more complicated confident corrections.

Exrrors at the top, bottom and other types of errors are
considered along the way. Three layers are considered
progressively from the bottom to the top, and the process is
repeated a second time, since at times a first-pass correction
will allow the algorithm to recognize an additional correction on
the second pass. A more detailed description of the procedure
follows. The metheds used to try to £ind not only a good
correction but, in many cases, the actual correct value, are

described.

b. Steps of the Decision-Making Algorithm
This section wlll describe the steps of the Decision-Making

Algorithm. They begin with acguiring the necessary data,
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continue with the calculation of the hydrostatic residuals and
then proceed to the determination of error types and necessary
correctioné.' The process is’repeated a second time with slightly
altered parameters, allowing additional corrections to be made
ocassionally.

1) Get sufficient layers of data

For each pass through the data, the layers are considered
from the lowest to the highest, with three layers of data
consldered at a time. Az each layer ls ccmpleted, it is
necessary to determine whether more layers need to be consldered.
2) Calculate the hydrostatic residuals

The hydrostatic residuals are calculated according to
Egn. (5) for the three layers.

3) If the top of the three layers is the top layer:

'a5 Test for "holes". "Holes" are the occurrence of missing
layers of data. It is useful to keep information 6n holes. They
come in two types: those that may occur almost anywhere and those
with pressures exceeding and including 100 hPa. For the latter
type there_is often a coding error in Part A of the rawinsonde
message which prevents its complete decoding at NMC, but theré is
no problem with Part C.

b) Test for non-confident corrections at the top. Non-
confident oi uncertain errors in a layer result in a pair of
corrections being suggested. This pair represents those
corrections that would lead to zero residuals. In some cases,

this pair is the proper correction to make. More usually, there
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may be additional prcblems that can only be diagnosed with the
help of other checks.

¢) Test for errxor at the top. A large residual in the top
layer can be caused by, among other things, an errox in the top
level temperature or height, it being impossible to decide the
cause by the hydrostatic check alone. 1In these cases, a choice
of corrections is suggested to be examined by an analyst. BEither
suggested correction by itself would lead to zero residual for
the layer.

d) Proceed to step 6.

4) Othervise: Calculate non-dimensional ratios to be used to
determine the most probable error type.

The ratios of the right-hand-sides to the left-hand-sides of
the existence conditions (existence condition ratios) are
calculated. The most probable error type is considered to be the
type which has the largest ratio, while satisfying the magnitude
condition. In some rare cases, the residuals will be consistent
with both types 7 and 8 or types 9 and 10. 1In these cases, which
occur when the central residual is small, it can be shown that a
distinction ofvtypes cannot be made by the hydrostatic check
alone, and no correction is made. The reasons for this ambiguity
will be discussed further in Appendix B.

buring the first pass through the data, there is a small
preference given to confident single corrections to height or
temperature, compared to multiple corrections. This helps to
prevent some small changes to the data which do not seen

warranted.
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When a residuwal pair is very large, it is clear that there
is an error, and in many situations it is clear what correction
is needed. 1In some of these cases, the conditions for a
confident correction would nevertheless not be quite satisfied.
For this reason, the value of the existence condition ratio is
inflated for large residuals.

5) Determine the most probable error type

As stated above, generally the error type is determined to
be the type assoclated with the maximum existence condition ratio
among the types satlafylng the magnitude condltion. In some more

detall, these conditions are summarized below:

1 - confident height correction, and
2 - confident temperature correction:
a) maximum existence condition ratio
b) magnitude condiﬁion satisfied
¢) no more than one adjacent layer of information-
missing

pu

7 - two confident height corrections,
8 - two confident temperature corrections,
9 - lower height and upper temperature corrections, and

|10 - lover temperature and upper height corrections:

a) three layers do not include top or bottom layers
b) no more than one missing level between any levels
.¢) maximum existence condition ratio

d) magnitude condition satisfied
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13 - Part A& hole, nissing data at pressure(s) including 100
hPa and possibly greater pressures, but not 70 hPa:at
least one missing level, 100 hPa and at possibly

greater pressures

14 - general hole, missing at any level, but not type 13:
does not satisfy conditions for types 1,2,7-10 or 13
at least one missing level
4 - error at bottom:
|s23| > admissible and |s3?| < % admissible, or
|s23] > admissible and |s3%/sp3] < 1/3
does not satisfy anothexr type
3 - correctlion pair suggested:
|s23} > admissible and Issd) > % admissible,.or
js3%] > admissible and |s;3| > % admissible
does not satisfy another type
6 - isolated 1aige residual:
|sz3| > admissible
not bottom or top layer
adjacent residuals small enough
6) Make corrections of the appropriate type
a) Confident height corrections (as per Table 2). The
starting point for the corrections is the value given in the
table, but this is modified as described below to attempt to find
the likely correct value. The original height corrections are.
first rounded to -the nearest 10 m for mandatory pressure levels
of 500 hPa and lover pressures and rounded to the nearest meterx

for greater mandatory level pressures. Then a corr