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ABSTRACT.

Thé ‘Co:mplex Quality 'Con’trolof’ ' ra’wi’nsonde reports on mandatory level Heightsv_u
" and Temperatures (CQCHT) was des1gned at the Natlonal Meteorolocncal Centerin
Washmgton D.C. and anlemented into ‘the NMC operatlonal qualrty control system in
" 1991 replacmg the prevrously applred Comprehensrve Hydrostaﬂc Qualrty Control
(Colhns Gandrn 1990). Accordlng to the CQC approach varlous more or less -
B independent checkrng methods are first applled to the data and results of cach check are

expressed in quantltatlve form by so-called residuals, rather than quahtatlvely, by flags.

| After all checks have been apphed to a given part of the report the Decision Makmg

Algonthm (DMA) analyses the. pattern of large residuals (if any) 1n order to detect rough _'
errors-in the data, to explain the origin of the error(s) and, if possible, to automatlcally‘ =
. correct erroneous data'.l The CQCHT DMA is anadyahced, logically ‘complicated
\ algorithm Although itcontajns' bvery'large number of operations the ‘required computer» :
time is rather small because most operatrons are loglcal and because an overwhelrmng
majority of reports are not distorted by rough errors.

Th1s Office Note is mtended pnmarely for those spec1a11sts in meteorology and

: related flelds Who may be 1nterested to know more about the present stage in
| .development of the quallty control methods \and particularly in design and application of |
the'CQC approach. Basic prlnciples of this 'approach are 'cons_idered in:detail,‘and various
CQCHT cheéks are described | asisits D\/IA Numerous examples taken from the -
CQCHT operatlonal outputs are presented to illustrate the CQCHT performance in
'\companson W1th that of the prev1ously apphed CHQC algorlthm Some statistics of this-

' performance are presented in the final part of the Ofﬁce Note,, e

S



1. INTRODUCTION

| As is well known, some meteorologieal data reee_iyedat prognosti‘c eenters are
_distorted by so-called 'rou’gh' errdrs Such errors may originate in the course of measuring,'/
processmg or commumcatmg the data Although comparatlvely rare, rough errors may |
* lead, partlcularly i data—poor regions, to substantial errors n analyzed flelds and, )
therefore, in pred1e,ted ones. That is why some special procedures are performed, _both‘

manually and automati'cally, at eVery prognostic center in order to get rid of rough errors. -

These procedures are usually referred to as the quahty control (QC) of operatlonal

‘ _meteorologrcal 1nformatron

Thé necessrty of an automattc QC perforrned by computer was recognized at the
- beginning of the numencal Weather predrctlon era (Gilchrist and Cressman 1954) and the
- first such methods were proposed and applied soonafter that-(Bergthorsson and Doos, i
19 575,.vBedient and Cressman, ‘1957, Staff Members, Joint Nuhlertc,al Weather Prediction‘
‘Unit,'1957). There was, however, little ‘imp'rovement of QC methods during several
followinct decades because the most irnportaht task was to improve"e‘(istincr‘ numerical
R .Weather predlctron models and data assrmﬂatlon systems and also because the QC desron
j was consrdered by many speelahsts as a purely techmcal task havmg nothmg to do with
science. As a result the QC systems in operatlonal use at maJor proonostlc centers,’
" including NMC were. due to tradition rather than to logleal reasons.

| It was recogmzed as recently as 1988 that the operatlonal QC system at NMC

needed substantial 1mprovement An rmportant decision was made by W. Bonner then the

: NMC Dlrector to begin the des1gn of the new NMC QC system from scratch rather than

. to try to 1mprove the existing system Leadmg prmc1ples for the new system were agreed

upon after thorough discussions (Julian, 1989 see also Collins and Gandin, 1990) Only a
'few of them, essentlal for the further drscussmn Wlll be mentloned here ' 4
The 'main pnnc1ple was (and contrnues to be) that the new QC system should be as

much automated as possible. Experience shows that severe time limitations under -



operatlonal condrtlons mal(e a subjectlve QC by human spec1ahsts Very drfﬁcult even if -
'they hm1t themselves to quahty control of trad1t1onal data like those from rawmsondes, 7
. and only over a limited area, like North Amerrca At the same t1me the Jmproved |
performance of the NMC medlum -range forecast (MRF) model made it necessary to.
“perform the QC, worldwrde partlcularly because the frequency of rouoh errors over many
regrons of the globe was (and continues to be) much hlgher and/or the station network
much sparser than over Unrted States and Canada Even more anortantly, new kinds of
measurements, most notably the satelhte soundmgs prov1de us with large amounts of
data and one cannot even think: about controlhng the quahty of all these data manually
: The automatic QC by a computer code remarns the only practical alternative if we want to
vexclude rough errors from all krnds of operat1onally avallable mformatton

ThlS does not mean; however that human specralrsts W1ll be not mvolved in  the
operat1onal QC, "‘I ust the opposite ‘is.true;‘ The more.sensitive is an vautomatic QC method,
ie., : the smaller are r‘ough» errorsit»‘isfcapable to detect, the higher is the probability that it -
- will be somettmes unable to decrde What to do W1th one or-another: suspected datum It
may even happen thouOh rather rarely, that an automatlc QC Wlll make a Wrong dec1sron
_ concermng reJectlon or even correctron of one or another suspected datum Ttis necessary
therefore to make the QC aloorrthm capable of dlagnosmg all cases When 1ts decrsron was |
n.questronable The 1nformat10n on each such case should be automatrcally transmitted to a |
,specrahst for subj ectlve consrderatron together wrth the rnformanon on cases when no |
deﬁmte dec1sron could have been made automatlcally Itis up to the spemahst to decide
what should be done in each such case. However every result ofa specrallst s action
should be 1mrned1ately subjected to the automatrc QC and accepted only if the mod1f1ed
’ report passes the QC test Otherwrse an. alternat1ve act1on can be proposed and tested
etc. _

The outlined procedure is known as the 1nteract1ve QC (IAQC) The number of

' reports needmg to undergo the IAQC is very small as compared not only with the overall :



‘ number of reports but also Wlth the number of rejecuons and correctrons performed by
the QC algorrthm It is p0551ble therefore for human specrahsts to get involved in all such
cases It also happens sometlmes that a specrallst suspects some rnformatlon not caught

‘ by the automahc QC, or wants to keep the mformatlon as it has been reported desprte its -

. rejectlon or correction by the QC algorlthm Thts can be done W1th1n the IAQC

- framework as Well

* Another pnnc1ple agreed upon 1n 1988 was that QC algonthms should be
| observatlon system dependent.’ In other words, the sets of QC checks for one or another
parameter as well as de01s1ons resultmg from the checks should be, generally speaklng, , ‘_ |
- different not only for dlfferent meteorologlcal parameters but also for the same parameter.
’ .observed by dlfferent systems There are two reasons for this dependence Flrst some
spec1frc kinds of eITorS may exrst for one observatlon system and not exist for another one.
Secondly, some checks sens1t1ve enough for one observatron system may be less sensitive :
- or Just 1mpos51ble for another system. . - ‘, T
For example the upper—alr winds may be those observed by rawmsonde by
' atrcraft by satelhte or: by profller The alrcraft Wmds are often dtstorted by posrtlon o
. errors, whrch never occur to, say, profiler ,wmd_s. As to checkmg methods, the vertlcal |
- statisti‘cal lnterpolation chec'k; proved to be'%sensitive‘forl ravvinsonde and proﬁler -winds, :
" “ whilenot.being appl_icable to alrcraft or satellite'wi_ndsr These examples illustrate the fact
thatseparate QC algorithmsare needed for da_ta from different observ\ation sy‘stems,' '
‘ although some general principles like thatof maximal automati.on‘ should be universal.
| The last of the pnnc1ples to be drscussed here is that the QC algorlthms should
follow the so- -called complex quahty control (CQC) approach (Gandln 1969 1988) as
opposite to sequentlal (or hrerarchlcal) approach whrch was tradltlonally used m
'automatlc QC methods at that trme o
Accordlng to the sequentlal approach the least sensitive check capable of

detectmg only very large errors, is apphed frrst and data suspected by thlS check are



ﬂagved as wrong 1nformat10n not to be used by the data assimilation system (We will refer |
' to such decrs1on asa re_]ectlon although phys1cally ‘every such datum is not excluded i
from the data set) Remamtng rnformatlon 1s then subJected to another more sensitive |
check, whrch addrtronally I'CJCCtS some less erroneous data, and 50 ol ) |
In contrast to thls no mformatron is reJected (or corrected) by its CQC untll 1t
undergoes all checks The CQC algonthm thus consists of two major parts: the checks
~ and the decrston making algonthm (DMA) Results of each check are expressed not. by
. flags, but quantltatlvely, by so—calledresrduals. _The DMA then analyses all resrduals. If
none of them is large (by absolute ‘val_ue‘), as is the case With an'overwhehnlng rnajority_ of
‘rep‘orts, then the DMA concludesthatthere 1s no reason to suspect ‘any '_error. ‘ If,‘
: however at least oneresidual is large then the DMA analyses the pattern of various :
residuals, trymg to locate the error (or errors) to explam its origin and if possrble to
- correct erroneous: datum Correctlons madeé by the DMA are derCth towards the.
:restoratron of \correct values: Whlch were d1storted by erfors made while processing the
- data or oriéinated on cornmunication channels It may be mentioried' in this respect that -

: /
- the larger an error, the hlgher is the probab1hty that it was not caused by the measurement

1tself but ongmated later in the course of processmg or commumcatmg the data, and the = =

o datum in error may be corrected instead of berng reJ jected.

The CQC approach Was ap phed in the former USSR for QC of rawmsonde herght
and temperature for comparatlvely long time (Antsrpov1ch 1980, Aldukhov 1982) |
: showmg its substantial advantages over a sequential approach It was natural therefore to
apply the CQC approach in the new NMC QC system | |

- Fig. I presents schematlcally the transformatlon of the QC. system at NMC dunng
recent years as a result of the Work on desrgn testmg, unplementatlon and momtonng of

-new QC methods, performed at the NMC Development D1v1sron (DD) under general

superv1s1on by E. Kalnay (the scheme also contains some extrapolatlon in time reﬂecttng o

DD plans for a near future).- As may be seen from the scheme, the frrst of these methods



was the Corr'r/prehen‘siv'e Hydrostatic Quality Control (Cl—lQC) of rawinsonde dataon -
mandatoryleyel helghts and temperatures (Collihs ard Ga.ndin', 1'990, hereafter referred to
as CG90). Although applying only one‘, hydrostatic, check, the-CHQC algor'tthm analyzed
- residuals of this check for. as many as ‘three layers (i.e., four levels) before making any

_‘ decrsron Correspondtngly, the CHQC mcluded a comparatrvely advanced DMA the first -

| one ever desrgned at NMC -
Our mitial mtentron was first to enrich the CHQC by addrng some other checks to
-the hydrostatlc one and only then to unplement the resultmg algorrthm However the
results of CHQC testrng WEre SO encouragrng, and the need to unprove the QC at NMC
SO demandlng, that the decrsron was made to first unplement the CHQC algorithm as it
was. It was soon® complemented by a QC of srgmﬁcant level temperatures performed by a
complex of hydrostatlc and vertical mterpolatlon checks using already qualrty controlled
~mandatory level helghts and temperatures (Collms 1990).. 7

The CHQC ‘Wwas 1n operatlonal use: at \l\/lC for about three years:. It proved to be

very productlve not only in 1ts operatlonal mode Quas1 operatlonal momtonng of the ,‘ ‘
_CHQC outputs, which was performed by DD specrahsts allowed us to discover rnany .
o \_problerns ‘with. operatlonal data arnvmg at NMC and to resolve some of these problems

E (Gandln Morone Collins, 1993) The CHQC aloortthm is well documented and the code
is now used at many centers both n thrs country and abroad ' |

As mentloned in CG90 (see also Table 9), the CHQC DMA Wwas able to

_ 'automatrcally correct about 50% of errors suspected by it. It also subrnltted all its

s mformatlon on remalmng susplclons to the Senior Duty Meteorologlst (SDM) or to other

= *specrahsts at the NMC Meteorologrcal Operations Division (MOD). That marked the

begrnnmg ofa scheduled 1nteract10n between automatlc and manual QC at NMC, Wthh
| later resulted as shown in Frg 1 in the TAQC system desrgned by I. Woollen (Colhns and
: /Woollen 1993) o | ‘



| iAs our monitoring of CHQC outputs demonstrated ltiwould not be difficult for a
spemahst to make a proper)decrsron inan overwhelming majority (more than 80%) of
cases only suspected but not decrded upon by the CHQC DMA \levertheless the MOD
treatment of these outputs proved to be not very successful, and the absence of IAQC |
‘ -equ1pment was not the only obstacle A deeper understanrhng of the CHQC DMA was
‘ ‘needed as Well as a deeper interest 1n data outstde USA where rough errors occur much
‘more often. Stlll we beheve that an mvolvement Wlth the CHQC outputs was useful for
\/IOD specrahsts as a preparation to much more comphcated operatlons with the IAQC

‘At the sarne time, the results of our rnonltormg of the CHQC performance
demonstrated agam that a more advanced QC, containing other checks in addrtron to the
hydrostatic one and thus cap‘able'of automatically correctinomuch more‘ hydrostatically
detected errors, should be desrcned and Jmplemented as soon as possrble The desrgn of
, the new QC called the Complex Quahty Control of rawmsonde Heloht and Temperature
(CQCHT) began in. 1990 After extensrve testmg and trnprovements the. CQCHT becamef '
operattonal in N ovember 1991, replacrng the CHQC. .

There were several other rmprovements of the NMC QC system durrng recent
-years The most Jrnportant of them was the desrgn and rmplementatlon by J. Woollen of
‘the Opt1mum Interpolatron Qualrty Control (OIQC) (Woollen 1992). As shown in Fro l,b
the OIQC replaced the so- called gross check and buddy check which were components of
- the former sequentlal QC system Asa result none of the components of the-former , |

- NMC system, except the manual non- -interactive QC, contmues to operate now, all
‘components are new. One may add that the OIQC s, hke the CQCHT, a kind of CQC.
| The CQCHT DMA is much more productrve than the CHQC DMA Was because
every CQCHT susprcron and DMA decrsron is based on a Vanety of checks As a result
 the CQCHT is capable not only of detectmg a larger number of errors, but a_lso of
- correctrng, entrrely automatrcally, a much laroer proportron of correctable errors than was

the case with CHQC. In partlcular, the CQCHT DMA automatrcally corrects (or decides



ot to correct) an‘overwhelming majoijity of those suspect’edervmrs,‘ information on which
would otherWlse only _be,transferred by the ‘CH}QC to the NMC MOD speciali‘sts‘for their
.help. : S | . ’- v, y ,’ ‘
| Even more nnportantly, the CQCHT unhke the CHQC reacts not only to errors
- or1g1nat1ncr in the course of processmg the observatlon results or afterwards in the course

~of commumcatlng them but also to so- called observational errors that ongmated before

o the processmg began N aturally, the CQCHT DMA is unable to correct observatlonal

’ ierrors (e*{cept those in surface -air pressure measurement) dec1d1ng instead to reJect such
'erroneous data or to assnnllate them Wlth‘dummshed welghts

The CQCHT DMA produces a spec1al ﬁle for mteractlon Wlth human specmllsts
, _the so-called SDM ﬁle just like the CHQC DMA did 1t Superﬁcmlly, these two kinds of -

SDM files look analogous but the essence is qutte different. The CHQC SDM fdes -
~ contalned only those cases When the DMA did not. mal(e 1ts dec1s1ons and requested
" human help In contrast to this, an overwhelmmg majority of cases 1ncluded into the
:CQCHT SD’\/I ﬁles are those for Wluch the CQCHT DMA did make all its dectstons but it -
‘concluded that a specmhst may wish to change some of them parncularly 1f there exists
~some addmonal information that, Wwas not avallable for the CQCHT.
 The 1nvolvement of human speC1ahsts in the 1nteract10n with the CQCHT is

ftherefore much less " automatic” and more challengmg than it was the case w1th the

o ICHQC It requlres detalled knowledge and good understandmg of the CQCHT DMA by

| the NMC senlor duty meteorologlsts (S DMs) and by other spectaltsts of the NMC
- 'Meteoto\logmal Operatlons D1v1s1on MOD) 1nteract1ng with it. To achieve such .
) knowledge and understanding ntas (and continues to be) a‘rather difficult task‘ because the
| , CQCHT is a very advanced and comphcated algonthm and also because problerns like
‘- ‘this never ap peared before. |
| Eve_ry'effort,has beenltherefo.r'e undertaken in or_det to provide the MOD personnel

o With.necessary training and_’con_sultations. AnAeXtensiVe NMC Ofﬁc‘e l\Iote on the CQCHT



(Colfins, Gandin, 1992)’ has been written especially/for.this purpose. It‘,cou'ld.vyalso be used,
. and actually was already _used, by those of our colleagues‘ at various institutes in this
country, as er11 as abroad, Who wanted to‘design and implement analogous QC
algorlthms ‘ B 7 o ’ |
~ This note is also devoted to the CQCHT but its aim is qutC different. Srnce the
' -CQCHT began to operate at N\/IC and was bneﬂy descrlbed by us and by E. Kalnay at
several natlonal and mternatlonal meetmgs many meteorologrsts oceanographers and
screntrsts in related: ﬁelds, tncludrng. those not/drr'ectly u’lvolved in the QC of operatlonal |
informati’on‘ expressed thefr desire to learn more about the‘ CQCHT methodology and
‘ generally, about the. CQC approach and Decision Makmg Algonthms ThlS note has been

wntten in order to meet this demand

2. Some. deﬁniti‘o‘ns.‘ :
This note, vlike any scientiﬁc paper, uses, .so to say, its‘ own ternnnology:.many terms in
the note are new and the meaning of many others is different to on'e*oranother extent '

: frorn that assumed in other pubhcatlons The latter 1s partlcularly true with terms that have. .
no cornrnonly accepted meamng and are often given different meantnos by different
spectahsts. Ttis w_orthwphlle therefore to give exact definitions of basm terms as they wi]_i |
be understood in this note. | ‘ | |

Perhaps no other term used 1n thls note may be and actually is, understood in -

. vsuch Vanety of meamngs as is the case W1th the term qualzty control. Thls term is often

used in a'very Wlde sense, as tncludmg aJl actlons conneeted dlrectly or mdlrectly, w1th

. the quahty of some obJects and/or operanons From that pornt of view, for example

detectlon and correction of computer fallures at a Weather predlctlon center is a part of, theb

.quallty control operatrons at this center as'is the software for collectlon and storage of

1nfonnat10n used in its'data assrmrlatlon system
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As opposrte to this, the term qualrty control in thts paper like in most other

| pubhcatlons about the automatic quallty control of meteorologrcal data has a rather
“narrow and concrete meanmg as a set of procedures used in order to detect and, if ,
posstble correct the so-called rough errors in meteorologlcal data. | ‘-
Thls leads us to the term error, whlch 1s also used particularly in meteorology, ina
' vanety of meanmgs. A drfference between objectively analyzed value and observed one is |
often called the analysrs error, and the dlfference between predlcted and observed Values is
" referred to as the forecast error. In this paper, the term error is understood in qulte |
, Adlfferent more natural way as a dlfference between the reported value of a meteorologlcala
parameter and its actual Value |

It is 'rrnportant to dlstinguish between random, rough'and systematic errors in-
‘meteorolo?ical- data. Randorri errors are inherent in all data and eaused bya Variety of |
’ factors like (non- systematlc) measurement Errors or. small-scale turbulence Being more -
- or less independent from each other at chfferent pomts and times; they form what is called - B
a randorn noise in the data Tt is, of course, unpossrble to correct random errors, but it is
»unportant to properly take 1nto account the noise level usually characterlzed by the root
mean square (RMS) random error When perforrmng many operatlons with the data
1nclud1ng their quahty control ‘ H

Unhl(e the random errors, the so- called rough errors in rneteorologlcal reports

occur cornparatlvely seldom; the maj onty of reports don't contain any rough errors. Each '
rough error has 1ts deﬁnrte cause Wh1ch may happen i 1n the course of measurement |
process1 , OT communrcatlng the data. It is the task of the quallty control to detect each
: rough error in arriving reports and if -poss1ble to correct erroneous data. Otherw1se it
must mark the data for reJectlon from the operatlonal data assunllatron system or for’
assnmlatmg them W1th smaller we1ghts Certalnly, some errors of this kmd may be rather

small. Ttis, however, unposstble even to recognize any such error, unless its absolute

value substantially exceeds the Anoise level.
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As to the etrors of the third category,_,the sys'temCLric erro,rs,' they are usually small
v_but unlikeroughand random errors, they persist in 'time. Such errors may result frorn
some msuffrcrencres elther in rneasurement devrces or in procedures designed to take care -
of these msufﬁcrencres Substantlal averaging in time, e.g., over a month, is needed in

' order to detect systematrc errors. Thrs process, known as the data qualtty momtorzng

. (DQM) as distinct from the (operat1onal) data quahty control will be not dealt with in ‘

, thlS paper devoted to operatlonal QC, wh1ch deals exclusrvely W1th rough errors It should
be menmoned however that the. apphcatlon of aCQC approach, like that descrlbed in tblS
' paper Would result in substantrally more productlve DQM methods than those applted
nowadays ' |

Dependmg on therr origin, rough errors may be d1v1ded into three categones |
observatlonal computatlonal and cornmumcatlon-related errors Compumrzonal errors

are those originating in the course of processmg of the. soundmg data, partlcularly inthe -

: computatlon of mandatory surface heights at the station (or elsewhere) All rough EITors . -

’; made before thls processrng began are called in this paper, observatzonal errors, and all-
, rough eITors cornrmtted after the processmg ended are called commumcatlon related
»‘errors (or, sunply, commzrmcatzon errors). The category of observational errors thus
contains not only rneasurernent errors, but also tho.‘se made at the station when the E
rawmsonde s1gnals were recelved and put mto the processmg As to the commumcatlon
errors, they include all rough errors made When coding reports for therr transmlssron and
putting them mto communication lines, When the reports follow. the commumcatlon lines
and When they are recerved sorted and decoded at the NMC Rough errors made in the
| course of subjectrve QC may be-also mcluded into thlS catecrory |

It should be rnentroned in this respect that What we call reported values in thls :

: paper are actually the values entenng the quallty control alcronthrn Due to the influence
of various commumcauon errors the reported values, as they are understood here may

d1ffer frorn Values actually reported by the statron

I . g e
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As already mentioned no decisions concerning any rep‘orte.d datum are made by
the CQC algor1thm before the quality- cont_rol by a series of rnore or less 1ndependent
.'/methods called the checky, or the components of thls CQC, is applied to the report.
»Each check results in its resadual quantltatwely reﬂectmg the degree (and sign) of the

,1nconsrstency in this datum dlscovered by this partlcular check

Most of the CQCHT checks, narnely, those called in thls note sz‘atzstzcal checks,

~ deal not with reported Values t_hemselves, but with their dev1anons from the so—called

;forecastﬁr'szf"gucss .usually a 6-hour numerical »forecast for the time under consideration. o

There exist no cornmonly accepted name. for these devratlons some authors call them
1nnovat1ons (e. g Daley, 1991), but most often, they (with the opposHe 31gn) are referred
 toasfirst ouess errors. We will call these dev1at10ns the mcremen{s as proposed by
Thlebaux and Pedder (1987) | |

The snnplest among statlsucal checks:is based on the value of the 1ncrement and is: \
called the mcremenml check The resrdual of this check is Just the increment 1tself Other -
' statlstlcal checks include the 1nterpolatlon of i 1ncrements either from nerchbonng levels .
(vertzcal check) or from ne1ghbor1ng stat1ons (horzzonml check) The resrdual of each
: such check is the d1fference between the increment at the po1nt under check and its |
1nterpolated value. -

Other components of the CQCHT the hydrostatzc check and the baselme check
may be called quasr—funchonal checks (as opp051te to statistical ones) The hydrostatlc ’
check uses the hydrostatlc equatlon (more exactly, the so- called hypsometnc equat1on) for
veach layer between two adjacent rnandatory surfaces to check the consmtency betweern
hexghts and temperatures at this palr of surfaces The re31dual of the hydrostatlc check is '
'. »the drfference between the. layer thlckness computed from two heights and the same
thickness computed from two temperatures- Thé baseline check is also based on the |
._ hydrostatlc equatlod but in th1s case the equatlon is applled to another palr of levels the‘

statlon level (more exactly, the level of i 1ts surface observatlons) and the rmddle of the



13

| layer between two lowest mandatory surfaces. ‘The bctseliﬂe rasidual is th'e difference
between the station\e’levation above the mean sea level (taken from the NMC :dict,ionar).f of | |

; statlons) and the sarne elevation computed by the baseline check. - |

Due to their quasi:functional‘nature,‘ both h}ldros.tatlc-and baseline check_ are,

X -g'enerally ‘speaking, sub‘stantially more sensitive in d_etecting rough errors than statistlcal‘ '

checks are. That is why all -CQCHT vsus’picionsof computational and cor_nrnunication |

: errors’are»'rnade on thelbasis of .hydrostatic and baselinie reslduals. At the same time,

statiStlcal checks plaj/ a'very.v important -role When they are performed ma complex Wlth

 quasi- ~functional checks, as is the case in the CQCHT |

The CQCHT D\/IA is an advanced, loglcally comphcated code Wthh analyses 7\ ‘

residuals ‘of all checks and rnakes all decmons. Prograrns llke this are often referred to as

. expert systems or even as artificial intelligence No serious 'objectiOns can be made -

: _agalnst such ternnnology, although it sounds l]l<e an advertlsement rather than 501ence
The pornt 1s, however that thrs Word1n0 mlght lead to an nnpress1on that the. DMA deslgn -

isa prerogatne of spec1al1sts in expert systems rather than meteorologlsts (or
oceanooraphers) Numerous experlence both posrtlve and negatwe in the QC design at
_NMC proves qu1te convmcmgly that a good meteorologlcal backoround and"

understandlng is absolutely necessary for success of thls desrgn

3 CQCHT checks.

 Table 1 contains basic information about each check used in the CQCHT

/. ,‘-algonthm - | . R | L L \
The hydrostatlc check is applred to each layer between two nelghbonng mandatory

1sobarlc surfaces Wlth comp!ete mformatlon i €., with none of heights and temperatures at

the two levels rmssmg in the report Ttis based on s0- called hydrosmnc redundancy mn

rawmsonde reports that i is, by the fact that both temperature T and herght zjof each

~ .

'mandatory leyel Pi are repor_ted, while thehy_psometnc equatron
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‘Z‘_Zil—ll ’Aul+Btzl(T' + ) ‘ ' | ) o (1)
is, in the absence of rough errors, obeyed w1th hrgh accuracy for each parr of. mandatory

: levels In (1)

» R : Lo A“—;ﬁ ' ' 4 Sy
Ay 750 L 5 Bia=7 - e (2)
g pl . 27;)0 . . .

. where g is the acceleration of gravity, Ris the_‘gj‘as COnstant for the air, and Téo 15 the‘.
Kelvin t‘emperature of 09C, so that T in (1) is in.OC. ‘The equation (1) follows from the
: hydrostatlc equatlon under the assumpt1on that the temperature varies hnearly with ln(p)
Wlthrn the layer;. its left hand side is the layer thlckness cornputed from the herghts of its
vboundames while the nght hand side is the same thrckness computed from temperatures at -
 the boundarles | - _ ‘. | _ | |
It should be mentloned that the apphcabrhty of the hypsornetnc equation (1) to
reported temperatures and he10hts has nothrng to do. w1th the approxnnate nature of thrs
: equatlon 1e., Wlth the fact: that the hydrostatrc equatlon is an approxrmate form of the
_ equatlon of motlon in prOJect1on on the Vertlcal Equatrons similar to (l) are used to
compute the rnandatory herghts Whlle processing the rawmsonde data at stations (or
‘elsew_here).‘ The redundancy expressed by equation (I) is therefore of cornputatlonal
rather than'physical nature. -An analogous"redundancy might exist, e.g., in rawlnsonde |
| ‘wind data, if,fsay’, the zonal wind cornponent Were.computed at stations and meluded into
‘v reports along with Whrd speed and direction. That Would substantially increase the_
' po_ssibilities of the rawmsondewind quality control because it yyill be able to det_ect-all :
lro'ugh commiunication errors“ | | -
| Due to the commumcatlonal nature of hydrostauc redundancy in rawinsonde

' reports the hydrostatlc check does not react at all to observatlonal errors the equatlon (l)

' holds if there were no cornmumcatlon or cornputatton errors. As dlscussed in some detalls =

below (see Sectron 7, thrs fact is extenswely used by the CQCHT DMA for detectron of

observatronal eITors,
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Each of the coefﬁcrents A and B (2) in equatrons (1) depends only on two
‘ pressures and is therefore constant for a given layer Table 2 contains these coefﬁc1ents
for all alemenmry layers,_r-.e., layers between nelghbormg mandatory surfaces. Accordrng -
- to (2)' both A and B are additive: if a layer ¢ c'onslsts -say, of two elementary o'nes, then 7
| each of the coefﬁcrents A and B for th1s layer is just the surm of two values for the
| elementary layers and s0 on. | o
‘There are several effects causmg vrolat1ons ot equatlons (l) or, in other vyords |
leadlng to thetr restduals L . S o ‘ :
su:t— [Z' - Zi_rl“[Aut + Br,ll(Ti—l +T; )l _ | Lo RC))
even in the absence of rough (computat1onal or communication related) eITors, narnely,
non- lmeantles of the temperature proﬁle (Wlth respect to In(p)) i in the layers Varlous -
, - random errors, and drfferences between the temperatures in. (l) (and (3)) and _
: : correspondtng vrrtualtemperatures. In order to be detectabler on the background of the. )
noise caused by these effects, a rough error should result in residuals (3) substantially .
exceedlngﬁ-the noise level. Th‘is leads'to. so-called magnitude conbditior‘zs: a report is
. suspected for hydrosratic 'error(s), ie., errors detected by the hydrostatic check, only if at
least one of hydrostatic resid'uals exceeds by'abSOlute value the admt'sSiblé residual for the
ccorrespondrng layer ’ | |
k Table 3 contatns the adrmsstble res1duals used in the CQCHT for all elementary
| layers expressed both in terms. of he1ght (3) and'in terms of temperature . ,
Xy =i I B R @
i ': Theyyvere speciﬁed on the ‘b‘ase of routmely collected statistics on the resid_ual frequency
" dlsmbutrons among all hydrostatlcally not. suspected reports |
| - Toachieve a better understandmg, a series of What may be called numerrcal
experlrnents with admrssrble restduals was also performed The hydrostatlc check was
- apphed to the same set of reports Wlth varying, gradually decreasmg adrnlss1ble res1duals

An explosron hl(e growth in the number of hydrostatlcally suspected reports took place .
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= when the admrssrble resrduals became comparatlvely small which clearly demonstrated
‘that many error-free reports began to be suspected as contalnlng hydrostatlc eTrors.

As to the admlssrble resrduals for non—elementary layers they are cornputed from,
| those 1n Table 3 usmg the 51mplest hypothesrs of statistical rndependence between

v hydrostatrc re31duals for nelghbonng elementary levels so that, e g the admrssrble

,re51dual s,+2 fora layer consrstrng of two elementary ones is
RN Y | |
i adni’ i adm adm o -
Siag = \/(Siﬂi) +(Si+2 i+1) s : S &

~ and 50 on. If, however two or more mandatory levels ina row are missing or 1ncomplete :

ina report so that the layer between nercrhbormg complete levels becomes rather thick,

. then the non—hnearlty of the temperature prolee in'such a layer can, by itself, cause a large

hydrostatlo res1dual (partlcularly, if the tropopause level is wrthln thls layer) This is Why :

the hydrostatlc resrduals over the dam holer contalmng two or more mandatory levels |

il are not used by the CQCHT algorlthm as means for hydrostat1c susplcrons they are Just

7 1gnored The CQCHT DMA analyses each report with such a data hole as if it were two

' separate reports, one below the hole another above it, treatlng the level before the hole as

the upper level of the ”frrst" report, and the level after the hole as the ‘lowest level of the

"second” report l | | | |
The bctSélirre check also ‘uses the 'h'ydrostatic) equation, but applies it not to layers

between mandatory surfaces but to the layer between the station level ZS and the middle -

| N =mtw)/2

3 :between the he1ghts of two lowest reported mandatory isobaric surfaces p1 and pzl(used

. 1ndependently on whether the temperature at any of them is reported) A linear

_ temperature profile o _ p : e o

| T@=T-vz NG

s assumed for the layer between Zg and- with the standard lapse rate. |

v = 65xm nm», | f'p-; ®
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Under the assumptlon (3 7) known as that of polytroprc atmosphere the pressure

p decreases W1th he1orht Z pro portlonal to zl/c Where '

| =Ry ©
’soth‘a‘t_' 7 | | o ; ‘ Cel |
| (=a) _(i-p7) R
' =TT T . (10)
"(zz‘zr) (Plc‘P;) oo . ' o

With the standard lapse rate '(8)_, theknon-d_imerisionall‘para':.netér ¢ (9) is equal 0 0.190.
- We deﬁne the baseline res’idu‘al (in terms of the.stdtion elevation) by as the.
difference | \ | " | _ o 4 | o
| by=g~z, o an

i - betWeen‘the statiorr\elevation aoove the mean sea level, z;, known' from the NMC Upper-v |
Air Station Dictionary, and itsVaIUe o | |

'zs;"=z_1+(z2,—z1)(-b¥-j R ¢

computed by the use of (10) from- reported values of z1, 22 and surfaee air pressure ps- In |

| a= —-(&J andv. b= —(—plj ’. )
A\ bvj

‘ Alternvati_'vely, one may express the baseline residual in terms of z1, or z, or pg,

- (12),

- . using equations analogous to (11):

Cba=t—te bp=-tw bu=pempe 0 (4
| Where L I : . : ) ,
e B co bz a0 DR | (15)
» Zl”f,b—a ’ o -
S Z.zé:_zl_(zl_zs)(”,") _ o - (16)
i . , o , ,

o . ' o ‘/psc :pllil‘-i‘b[zl ‘—zs;‘ ]:‘ . n N .‘ - (17)
T R Lm4a | ‘



Each of the resrduals (11), (14) w1th an opposrte s1gn is equal to the correctlon that should
be added to reported value of the correspondmg pararneter (and only to 1t) in ordered to |
| ~make the baselrne resrdual equal to zero. \

There are two reasons why rt is preferable to use reported herghts rather than
temperatures for the baselrne check Frrst the temperature at a given level near the
ground may be dlstorted bya small scale drsturbance whrle such distortions. are smoothed
to some degree in the course of height. computatlons Secondly, the mandatory surface
': heights are, accordrng to exrstmg rules computed and reported even for (some)
| lmandatory isobaric surfaces Wthh actually are under the ground (while therr temperature
1s missing in reports) Polytroplc hypothesrs (7y w1th the standard lapse rate (8) is applred -
‘v to compute such underground helghts Their. use for the baselme check often results i in the

Afact that the extrapolauon downwards to the-station level turns out to be an 1nterpolatron
. oreven an. upward extrapolatmn |
| The adrrussrble resrdual of the basehne check (in terms of the statlon elevauon)
vused in the CQCHT (bzs)adm is equal to 40 m If however some other check or
' checks_, of the same 1nformat1on,~ partlcu_larly statlst1cal checks of (reduced) mean—seaflevel |
pressure, also results in some suspicions then a half of this value, (bzs)jadm/\z;zo m, is ’
) consrdered sufftclent in order to suspect an error.

Havmg in mind the spec1ﬁc role Whlch the mcremental and horlzontal checks of the
‘mean- sea-level pressure play in con;unchon with the baselme check, 1t is convement to. call
th1s set of three checks the baselme checks

Frorn the formal point of v1ew the mcremenml check does not dlffer from what
was called the gross check it Jjust compares the absolute value of an increment w1th its
adnuss1ble value. However rf apphed n con;unctlon with other quas1—functlonal checks ‘
asis always the case in the CQCHT, the 1ncremental check is much more sensrtlve than 1f :
it were used solely, as a gross check Consequently, the admlss1ble res1duals of the

1ncremental check presented n Table 4, are rather small as compared to those used in the
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gfoss check 'Moreover 'even halves of values in Table 4 are used as admlssible- residuals_
| vrf the incremental check is apphed to conﬁrm (or deny) susprcrons resultlng from other
checks This "two margm "‘approach i is analogous to that used in the baseline check Itis
' applred to other statistical checks as well. | |
Both the hortwn[al check and the verncal check are optimum 1nterpolatron checks ;
of increments. The 1ncrement 10gat the pornt under check 1s compared - with the result of
o optim_um 'lrlterpolation ‘ | | ‘ » N ‘
(o) =2wide - as
: *=1 S R o
from its values i at m surroundrng statlons (horrzontal check) or- at m surroundrrn7
,,mandatory levels (vertical check) Here wk are the optrmum mterpolauon werghts

computed from the system of lmear equat1ons '

Zrklwkwl'l'n ch-'"ko B (l>='1,2,.’--,m_), P ‘ (19)- 7

7 I= l , »
. where rkl is the correlatlon coefﬁcrent between the values of the'increment at points k and
1, and n2 is the relatrve varlance of random observatronal errors i.e., its ratio to the

_‘ varlance of i increments. The relative RMS dlfference € between mterpolated and observed
values (the SO- called RMS comparrson error) is a_lso computed asa by product of the
.' » ' optlrnum mterpolanon for each check, usmg the equatlon '

mo : L
22140 2~ Dorow. o
k=1 : o - ‘ t
| Tncrements at four (or less) closest surrounding statlons situated in different
k quadrants around the statlon under check are used for the horrzontal check provrded that
the: dlstance between each of them and the statton under check does not exceed 1000 km

’ and that the tncrement at none of them i is too large by absolute value. For the vertrcal

check of an increment at an rntermedrate level, the 1nterpolat10n is performed from two

~closest levels',one below the level under check, another above it. As to the lowest
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reported level and the hrghest one, the vertlcal 1nterpolat10n to them. reduces 1tself to the
optunum extrapolatlon from one closest level | |
- The correlatlon coefﬂcrents in equatlons (19) and (20) are produced by correlation -
| functlons of i mcrements snmlar to those used in the NMC Reglonal Data Assimilation ,
s ystem (DrMego 1988) namely k \ : : ‘
| = exp(~cc d,d) o e
for the_‘hori‘zontal correlation asa function of the dis’tanCe "d, and 4 4 -

'.rkl = ‘ “ &)
ln( J
Pi

1+ B

for the vertlcal correlation as a functron of the ratio of pressures. The coefficient o is
, taken equal to 3.5% lO 6 m-2 for both height and temperature, while the coeffrcrent Bis | :
assumed equal to 1 1 for he1ght and 9.0 for temperature
‘ One may aroue that: more accurate 1nterpolatlon results can be achret/ed by
" improyrng the correlatron.functron _ap proxrmatlons and by using larger numbers of
lnﬂuencing points for the interpolation This may' be r'ather important when using the
—.optrmum mterpolatlon for Ob_] ective analys1s but not for the quality control Just because it
' ‘deals only with rough errors Moreover the more surroundlng points are used in an
. 1nterpolat10n check, the hlgher is the danger that some of neighboring Values would be
drstorted by rough errors as well. That is why the 1nterpolat10n for the qua_hty control
-should be performed usmg much smal_ler numbers of mﬂuencmg pomts than the numbers
used in the data assmulatlon - | ‘
. The apphcatlon of 1ncremental and hor1zonta.l checks to the surface pressure is
- slightly more comphcated as compared w1th those for mandatory level heights and
temperatures, because the model ‘topography is used to compute the first ~guess and
| because the elevat1ons of nelghborrng statrons may be qulte dlfferent from each other even

1f the dlstance between the statlons is srna.ll The surface pressure is flrst reduced to the
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mean sea level using equations analogous to those applied in the baseline check, and first
: guess pressure at the mean sea level is c‘omputed This means that the incremental and
B horrzontal checks are actually apphed to the mean sea level pressure increnients.

Adrmssrble residuals for the honzontal and vertlcal checks are presented in Table 4

L along w1th those for the mcremental check.

4 Decision Makmg Algonthm (DMA)

Thrs sectton contams a general descnptton of the CQCHT DMA in companson

with the CHQC D\/IA The CQCHT DMA actions concermng various klnds of suspected _—

- ‘errors Wlll be drscussed in more detarl and tllustrated by examples in Sectlons 5- 7
: As described in CG9O the CHQC aloorrthm mcluded only two kmds of checks,

»the hydrostatlc check for all layers between nelghbonng mandatory surfaces and the

| basehne check The CHQC DMA successrvely analyzed each.: set of hydrostatlc resn:luals =

for three layers (four levels) movmg upwards and usrng the magnitude condmons (Table : |

‘ | 3) to detect large hydrostatrc resrduals If there were none, the DMA moved to the next

\ setvof layers and continued this scanning '_U.l’ltllplt elther found a set containing large

| hy’drostatic residual(s) or reached the upper level of the report having found no large
residuals. In the latter case the CHQC DMA concluded that the report did not contain
hydrostatlcally detectable rouoh errors (that. happened of course, with an overwhelming
maj or1ty of reports) and went to the next report As to the former case, When the DMA
d1d find a set contalnmg at least one large residual, 1t then applted another group of -

‘ cond1t1ons the so-called extsz‘ence conditions, separatmg the patterns ‘of hydrostat1c
resrduals caused by rough errors of various types and thus allowmg the DMA to conclude ,

: What was the (most probable) cause of the error(s) and to locate it (them). 7 |

| In many cases, the CHQC DMA was’ able to go further by computing the errors

and thus corrcctmg them. It even tried to flIl(l the so-called szmple correctzorzs resulting i in

changing only one‘di’git, or only sign, or in transposition of digits. That is justified by the
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_fact that a majorlty of these errors are 1ntroduced in the course of manual operatrons and

are therefore most probably, srmple ones

" There were many other cases, When the CHQC DMA just assrgned the error type

_ but drd not perform any correction, because based only on hydrostatrc resrduals it Would .

be gither nsky to make correspondlng corrections, or even nnpossrble to umvaluedly ‘

~ determine them The DMA 1nc1uded all 1ts 1nformatlon about every such case 1nto a

' spec1al file, called the SDM ﬂle and sent this flle to the SDM, Who decrded what to do n

each such case. Thls happened to about a half of all errors detected by the CHQC

As to the basehne check the CHQC DMA d1d not even try to recogmze the orlgln SRR
, of any large resrdual and thus d1d not perform any correct1ons based on the baseline
- check results There was no other optlon because as it w1ll be discussed i in detail in

: Sectlon 6, errors of qulte different or1g1n €. g a communication error in the surface

pressure and an error in cornputlng the he1ght of the lowest rnandatory surface, may result
in the same basehne resrdual (producrng no hydrostatrc re31duals) the dlfferent actlons

should be undertaken to correct these twotypes of errors,-a change of reported surface

. pressure in the first case or the change of all reported herghts in the second case. Tt was

its DMA drd not pay much attentmn to its results

' meossrble for the CHQC alvorrthm to dlstrngursh between these (and other) types of
~ errors resulttng in large basehne res1duals just because it did not contain other, statlst1cal N

o checks One can say that, although the CHQC algorlthm CllCl include the baselme check

1

Even o, it was unportant to have the basehne check Wlthln the CHQC algorltlnn.
Partrcularly, our momtormg of its results, presented in the CHQC Monthly Summarles
allowed us to’ detect erroneous elevation of some stations in the NMC upper-a.tr station
d1ctronary caused most probably, by the station movement, and to correct the wrong -
elevatlons (Ga_ndm, Morone, Collins, l,993).. It was clear,however, that the mclusron of.

statistical checks would substantially improve the use of the baseline check'information.

{



iGene“rally, we realized at the b‘eginning of the CQUHT design that it wouldbea
much more advanced and complicated algorithm than the CHQC At the same time, it
iwas unportant to develop 1t on the base of the CHQC algonthm rather than to dc51gn a.
completely new one, so that 1f by one or another reason, there is no first guess available
4 then the CQCHT will Just Work asa CHQC Our present experience with the CQCHT
does show that it happens though very rarely, that the proper first guess is not available
Moreover the NMC NWP models were unable for many, years to produce reliable first
) guess fields above the 50 HPa level because they d1d not have sufﬁctent Vertical resolution :
in the stratos phere.v “For several years, the operat_ional CQCHT at the N“\_/IC was actually a
symbiosis of CQCHT up to SO'HPa and CHQC above " That caused much inconvenience |
“but it was better than just givmcr up any attempts to detect and correct rough errors above
S0HPa. | | |
Superficially, it may seem that the CQCHT DMA reactlon on the: hydrostatic

| check results does not differ much from that of the CHQC DMA the latter performs the .
- same vertical scann_ing of.each report‘and uses the same sets of existence and magnitude
conditions‘ as the former'does in order to locate the poss'ible_hydrostatic’ errors and to
"determine their types (listed in Table 6) The essence of the CQCHT DMA action’s is,
‘however different. Stnctly speaking, there do not exist such things as hydrostatic Eerrors,
| Le., errors dealt w1th exclusively by the hydrostatic check Instead, the described actions
‘ result in hydrostatlcally suspected errors or hydro s’mnc suspzczons Additional set of
conditions called the acceptance corzdmons and based on the resrduals of statlstical
- checks, is then apphed to each hydrostatic susp1c1on before the DMA makes its decision.
The 1dea of acceptance condmons is that none of the res1duals of statistical (and
| basehne) checks should remain or become large after the correction of suspected error(s)
The DMA just computes all these resrduals. If at least one of them is large, then this

correction is not performed, and the DMA examines other alternatives, like the
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rehabrlrtatron of the suspected Value (1 e., retarnrng itasit Was) or postponement of the
, »flnal decrsron until other parameters in the report are checked ‘ |
The acceptance condrtrons are partrcularly useful for multzvalued hydrosmtzc

: susptczons in other Words when the susprcron may be caused by Varlous klIldS of errors.
| - If, for. example only the hydrostatlc residual for the hrghest layer was Iarge then it was ‘
o nnpossrble to d,ecrde without other checks Wh‘ether the height or the temperat_ure of the

highest level is wrong (or, maybe, both are). The CHQC DMA just passed its information
about all mnltrvalued snspicions to the.S DM." As to the CQCHT;DMA, it applies the
: acceptanc‘e conditions to decide whatwas wrong and to automaticaﬂy cotrect snch error_s_.‘
Even.more important is.the role of acceptanc‘e.COnditions for the errors'suspected.
) 'by the basehne checks because as-it was mentioned above, every baseline suspzczon is
muluvalued | |

Erro'rs of obse’rvational originin»ternperatures and the" heighterrorscansed by .
i : thern do happen comparatrvely often but they can never be corrected because the reported' -
values of T and z are not observed Values but those computed at statrons and because the -
hydrostatic check does not react on the observatron errors. | | |
At the same time, the absence of hydrostatrc susprcrons proves to be a rather -

powerful means for the automatic detectronof observatronal errors by the CQCHT_DMVA.
»If there are,large‘ residnals of statiStical checks and no hydrostatic suspicions , then itis
, hrchly probable that the errors are of observatlonal ongm There may be two other causes
of such s1tuat10n errors in the forecast first guess or an error in the statron position caused
by impro per statlon 1dent1ﬁer (the latter happens more often for shrp observations). If the
resrduals of both incremental and horizontal checks are avallable then it may be. possrble
to IeCO gmze such causes. In any case, our expenence shows that an overwhelmrng
' maj orlty of errors detected by the DMA as observatlonal ones, are really of observatronal

origin.
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‘Having detected a report with observational errors, the DMA dectdes to reject
some reported data frorn the DAS and/orto assimilate solme data with smaller weights
than if they were error—free The TDMA also includes au such reports together with its
decisions, into its SDM File, so that a MOD specmhst can modlfy the DMA decrsrons "

.Due to the possrblhty to deal with observanonal errors, the CQCHT algorlthm

performs by two successwe scans. Every report undergoes scan 1 but only those that

. were suspected and perhaps corrected by scan 1 are subjected to scan 2. Agam only if

: there were any susprcrons (or correctlons) by scan 2, then this mformatron is stored. Such
‘ orgamzatlon assures that, as a rule, all corrections and retentlons are made by Scan 1,
while all decrstons about observatlonal errors are. performed by scan 2 Only for reports
with multlple non-observatlonal errors, does 1t sornettmes happen that scan 1'is unable to -
perform all corrections, so that a part of them is made by scan 2 |

Surnrnanzmg what has been satd about various decrsrons made by the CQCHT
'DMA one can see that there are as many as five dec1s1on types listed in Table 5 as.

' kcornpared with only two dec1sron types N os'1. and 5 (not denoted this way) in the CHQC
DMA. Types of all de0131ons made by the CQCHT DMA foreach report are stored’
together Wlth correspondmg scan numbers / ‘ ‘

A d13t1nct1ve property of the CQCHT algorrthm is that it autornatlcally creates
‘numerous files reﬂectmg, with Varlous degree of detail, each D’VIA actlon and used for
Varrous purposes. The Act1on Motivation File is the most detaﬂed one, contalnlng all

informanon that is. necessary in order to understand why each part1cular actlon has been
: undertaken These files were extenstvely used by us in the course of CQCHT design and

_unprovement and are still used occas1ona_lly to consrder further possible nnprovements

- The most condensed least detalled ﬁle is called the Events F ile. It presents each DMA

action by one hne contzunmg all 1nformat10n necessary to understand What the DMA did,

but not always sufflcrent to understand Why 1t d1d SO. Unhke other CQCHT lees stored
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- for only several days the Events Ftle mforrnatlon is accumulated during more than a
‘ ‘month and forms a basis for the CQCHT Monthly Summartes
" The most Wtdely used CQCHT files, the Opemttonal Output Files (OOF s), are
tntermedlate in thetr degree of detatl between the two f]les descrlbed above and ordamed
, for human mspectlon of the CQCHT actions. There are usually several such files,
1nclud1ng the SDM Flle and the Momtonng Ftle(s) all presented in the same format Whtch' :
1s the easmstfor understandmg. L1l<e any other CQCHT_flle, the OOF contains .-
| information onlyv‘about reports susp_ected by the DMA.- As illustrated bvaig. 2., the
operational output for each suspected repo.rt (and each_ scan) consists of four parts: the
: ,‘ head'ing,l contzumnﬁg inforrynati.on on. the station po:sitlon' and ‘obseryation time, the quick
recognltion table the main body, and the final part reportillg the DMA actions (if any)

~ The matn body of the oufput contains all mformauon level by level on reported he1ghts\'

‘ and temperatures as well as restduals of all checks. The same: mformauon is leﬂected in:

- the qu1ck recogmtlon table, precedmg the main- body, but it is presented ina quast- el
qualltatlve way, which fac1lltates the I‘ECOC’nlthIl of the problem by a specialist. N umbers
‘m the IHSC column are types of suspected hydrostatic (or baseline) errors, whtle Cllglts 0
(no susplclon) 1 (susptcmn) and 2 (strong susp1c1on) in other columns reflect the res1duals |
of statlstlcal checks. These quick recogmtzon dzgzts are also used in the d1agnos1s of |
observatlonal €ITOrS (see Sectton 7). It may be unmedtately seen from thls table in Flg 2,

’ presentmg Example l that the hydrostatlc susp1c1on of Type 2 (commumcatlon erforin .
temperature) at. 500 HPa was supported by all other checks. The DMA dlagnosed a
| simple error, that in one d1g1t and s1gn and corrected it. k 7 ,

CAll examples presented in Sect1ons 5 7 are tal(en from the CQCHT operatlonal
.outputs To save space their qu1ck recogmtlon tables are not shown and only a part of

the mam body, essenual for the DMA act:tons is shown in each example



5. H ydrostatzcally suspected errors.

Analyzmg the pattern of large hydrostahc restduals the DMA not only finds Wthh .
values of temperature and/or herght (1f any) should be suspected but also assigns one or
another hydrostatically su spected error lype to each susprcron These types hsted in-

.‘ ~Table 6, are the same as they Were for the CHQC but further actlons of the CQCHT
| DMA are qulte dlfferent The CHQC DMA JUSt,I'IladG correctlons of all suspected large
1solated errors at mtermedlate levels (types 1 and 2) and those at two nerghbormg levels
(types 7- 10) and mcluded 1nformatron about other suspected errors not tryrng to correct

them into the SDM flle As to the CQCHT DMA it frrst uses the acceptance condztzons

1 for each hyclrostatlcally proposed correctlon and ifat least one of the acceptance ‘
: condrtrons is Vlolated then the correction is. not made. |
| The acceptance 'condlttons for temperature.correc:'tionsare straightforward; none -

of the statistic‘al check residuals of thecorrected Value -(includin’g its 'i'ncrement) should-
exceed the Value 1nd1cated by the magmtude COHdlthIl .One can easﬂy examine that Just
| lookmg at mltral stahstlcal residuals: therr values should be close to those of the :
| hydrostatlc resrduals in terms of temperature as was the case in example 1.

The use or, better to say, formulatlon of acceptance COl’ldlthIlS for helght ‘
‘corrections is shghtly more comphcated Itis necessary to take into account that the
»mandatory level heights are not measured but computed at the station from the
temperature profile by usmg the hydrostatlc equahon If by one or another reason the

| temperature measurement errors persist (say, are of the same sign) alono the verucal then
i the accumulated 1nfluence of such errors, even of small ones results in comparatlvely large
height lncrements and horizontal check residuals of the same sign, forrnrng- akind of {
backgrouncl. The irrcrementalfand-hoﬁ;zontal check residuals of corrected height should be.
thus compared"not w1th zero'.but with this bacl(_ground, and that ((is‘what_the acceptance

conditions for the height corrections do, comparing each such residual with the mean
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-between its values for neighboring le‘v\els above and below. ,ln other words, it is not. the
,resrdual R at the level i but the value | | . ‘ ',
_ Ri=Ry- (R1—1+R1+1)/2 \ I o (2‘37)'
thatis compared wrth the- admissible resrdual when' applylng the acceptance conditions to
- the height mcrernents and horizontal resrduals It is also not drfflcult to examine these
’ condrtrons Just by lookmg at the CQCHT output because the values Ri.q and R1+1 are
usually close to each other. "
The example 21is, in a sense, an extreme example of such a sn:uatlon Resrduals of
1ncrernental and honzontal checks of Z7OO were both small, and it mlght seem therefore
- that no correctlon was needed However both residuals were different from therr |
background, and thlS dlfference was close to the hydrostatlc res1duals (m terms of height)_'.
That Was“exactly what the DMA needed in order to aCCept- and perform the correction.
One can also see that the corrections 1n both examples presented l and 2 were |
' | ,’ srmple one digit plus sign in’ example 1.and ' one digit in example 2. Attemptlng to ﬁnd a
sunple correct1on -the DMA examines their shchtly modlﬁed Values both with the same " -
and the opposrre 51gn as was descrlbed in some detall in CG90 The only dlfference is
that, if the modified, srmple correction does not satrsfy the acceptance conditions, then 7\
' "the CQCHT D\/IA returus to the 1n1t1ally suggested correction to check the acceptance
‘ cond1t1ons for it.
Although human mrstakes most often result in sunple EITOTS correctable by the
' CQCHT (and CHQC) DMA, not every human error, however srmple in a broad sense, rt
s, leads to a s1ngle digit, transposrtlon of dlglts, or/and a srgn error. For example, one
digit may be missing, Whlch is a sunple error, but does not belong to the set of poss1ble |
simple errors exammed by the DMA Another exarnple is a "repetition" error, when a
;reported ternperature or even helght of some level is erroneously repeated for the next
level.; No s_rmple correctlons of errors like that are needed, but the DMA "does no_t know"

this and still tries, sometimes "successfully", to make a simple correction. It;would be
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N po'ssible to include spec1al provisions' to the DMA making it capableof *recogniaino . l‘
repetltlon errors and other events like that, but that would result in only slight, if any,
unprovement of the DMA performance on.the expense of further comphcatlon of already
comphcated algorlthm This is Just an evample tllustratlng the general pomt of the DMA
de51gn the inclusion of additional prov1stons into it should be limited not by possibility, er
’ ’jcornplexuy, of an addmon but by its deszrabzltly As w1ll be shown later, such dllemmas |
‘ often emerge when the DMA treatment of reports with multlple errors is cons1dered
5 | Asto the 1solated errors con31dered above the CQCHT correctlons to a majority.
of them coincide. w1th those tnade by the CHQC There are, however some exceptlons
- First, the CQCHT DMA corrects many small hydrostatlcally suspected errors in e1ther :
"helcrht (type 11) or temperature (type 22) while the CHQC D‘»/IA only passed its
information on them to SDM.: In fact, the CQCHT treatment of types 1 and 22 does not |
| dlffer from that of types l and 2, and the only reason to preserve this dlstmctlon is.to
: prov1de a protectlon for rare snuatlons when there i is no first: guess
Second it happens sometunes that the hydrostatlc susp1c1on ofa small 1solated
error (type 11 or 22) or even of a large one (type 1 or 2)is not confumed by the
acceptance condmons as was in example 3 There Were tWo large hydrostattc res1duals Fisl
l a row close to each other (m terms of temperature) Wthh made the DMA to suspect a

type 7 eITor. However the acceptance COndlthIlS dld not support this susp1c1on and the

B _DMA concluded that there was no error (decmon 2) It is easy to explaln cons1der1ng

this case, what actually happened the assumptlon of a linear (w1th respect to lo g(p))

o ternperature proﬁle was strongly v1olated in the two layers because they are close to the -

trop_opause, and that led to fictitious hydrostatic. susplcton‘of a communication error 1n, the

ternperature.‘ | . “ | B |
" The:statistical residuals (more exactly, the ,height increments and hoﬁzontal

re31duals) play acrucial role in d1agnos1ng a computatlonal error; i.e., an error in

computmg (or wr1t1n0 down) a thickness when processtng the soundlng at a stat1on 3
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Whi-le .such an error results ma hyd‘rostatic residual fora smgle layer, its correction
necessltates the subtra_ctionof this error from all mandatory level heights beginning with
that Of the upper boundary of this layer It Would be rather risky to make these multiple
correcﬂons based only on the hydrostatlc resrdual partlcularly because such 1solated
hydrostatlc resrdual mtght be as ﬂlustrated by some further examples of quite dlfferent
or1g1n That is why the CHQC DMA d1d not correct suspected computational (type 6) -
errors, Just passmg its mformatron about them to- the SDM. The srtuatlon with the
CQCHT is qurte d1fferent, as may be seen f-rom example_ 4. Both increments and -
horizontal residuals ab’ove the layer strongly confirm the hydrostatic suspiCion ofa
” computatron error and the CQCHT DMA corrected all erroneous herghts |
Another type of hydrostatlcally suspected errors that mlght be in principle,
| corrected by the hydrostatrc check. alone but were not corrected by the CHQC D\/IA is
the type 3 hydrostatic: susplcron suspected commumcatlon errors in both herght and
- temperature of the same le_vel. The _two equatrons,for ;hydrostatlc resrduals for,layers
| below and.'above the level,’in question t_orrn a system;‘oftwolinearequations for two
un‘knovyns the corrected heioht and temp’erature at this leVel Ho'wever solutions of such
systems are often not stable enough a small variation of res1duals may result inalarge =
change in correctlons Even more unportant is the fact that type 3 error hydrostat1c
. SUSPlClOIlS are often caused by errors of qulte drfferent ongm J-ust as for type 6 SUSplClOIlS
‘The: avarlabrllty of statlstlcal res1duals allows the CQCHT DMA to automatrcally correct |
type 3 errors, as it did in example 5 Thrs output form does not contain the Va.lues of |
: hydrostatlc residuals after the correctlon but one can check that they are rather small. At
the same time, both the height and temperature correct1ons agree qu1te well with results of
statlstlcal checks. 4 '
Example 6 1llustrates another situation. Although the hydrostatlc check suspected A
. both height ; and temperature of the 250 HPa level the DMA conclusron based on- |

statistical res1duals,‘ was that there was no error in the temperature,and1t corrected only
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. the-'height. In'othervwords', the DMA_"’trahsformed:" the type 3 suspicion ‘,into type 1

orrection It is conyenieht to 'denotesuch action by an arrow directed from- suspected
type to corrected one; in thts case, it Was a type 3 =1 correctlon Usmcr these notations,
we can say that the CQCHT DMA is able to perform correctlons of types 3=3,3= 1
: -v3 =2 and 3=0 (the last meaning no correction). | | |

The s1tuatlon with two- hydrostatlcally suspected errors at netghbormg levels (types
' 7 IO) is qu1te analogous to that. For example type 7 susp1c1ons (those of height errors at |
~ both levels) may result in correctlons of types 7 = 7,_ 7 = 140 (only the lower helght),
7:>O+1and7==>0+0 |
The example 7 illustrates a quite dlfferent sttuauon It was the hydrostatlc

";susptcmn of type 6 error at 500 HPa level, ie., ofa computattonal error in the 700 SOO

HPa layer thlckness However stattsttcal res1duals did not confirm this susptcton and the '
| D\/IA did not make any correctlons, it decxded.tnsteadto-_mark both: helght and - i
temp_e.reture of HPa as 'susptcious (decision 3) because: their statisticlal residuals were - o
‘ —latge. -Bo_th‘ yalues Were,then.vrejected by scan 2 as Wroug and. not co:rectable. ohes;
(decisiou 4) What actually happened- in this case, howevet, Wasa type 3 error with What '
- we call a Compen satton eﬁect The contnbuttons of hetght and temperature errots to the
hydfostattc restdual for the 500- 400 HPa layer were of" oopostte signs and close by
absolute values.. That i is Why this restdual was stnall a.nd this prevented» the DMA from
,type 3 hydrostattc suspicion, makmg it suspect atype 6 error 1nstead Informatton about
this case Was mcluded along with that on all cases thh DMA dec1stons dlfferent from 1
| into the SDM file, so that an MOD spectahst could make a proper decision.

One may ask Why the DMA rej ected correctable data instead of correctlng them‘7

The answer is sunple the D\/IA m its present version, does not conta_tn spectal prov1stons
.necessary for diagnosing the compensatlon effects Such provisions could be, of course,
mtroduced but we dec1ded not to do it, because such effects take place extremely seldom

. and because there would still remain even more complicated situations (e. g. combtnatlons
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of type 3 and type 6 errors) requmng further comphcatron of the DMA. Thls is another
1llustrat10n of above ment1oned dllemmas concernmg the possibility and destrablllty of the
VDMA extensions. | | . | |
Unlike the hydrostatrc susprcrons cons1dered so far, those of type 4 (an error at the ‘ ‘
.' : lowest reported level) and 5 (at the hlghest one) requtre the use of statistical resrduals not
~ only in acceptance condrtlons but ﬁrst of all, in'what may be called the Selectzon ’ |
v'condztzons A type 4or 5 error results in only one large hydrostatlc residual which Just
“signals that somethmg 1s, most probably, Wrong, and itis unpossrble w1thout statrstlcal
residuals to decrde ‘what (if anythma) is. The type 5 susp1c1on in example & thus indicates -
that there is, most probably, ezther an error of about 200'm in the 200 HPa helght or an | |
error of approxunately 6009 in 1ts temperature (or, maybe both are wrono) It is clear in f
 this case that only the height was wrong (a type 5 = 1 error) and that was the DMA
conclusmn based on hydrostatlc and. statlstrcal residuals. - l
- Most of the type 5 suspicions result in: elther 5=1lor5= 2 correctlon but 1t
'happens sometlmes that both: herght and temperature of the upper level are Wrong The
role of statistical resrduals in such type 5 = 3, cases, hke that in example 9, is to parnlzon_ __
the hydrostatlc res1dual 1nto those caused by errors in temperature and in herght
The List of pos31ble DMA reacnons on type 5 susp1cron 5= 1 5 = 2, 5=3and
'5=0(no correction), Jooks analogously to that for type 3 susp1c1ons but,‘ unlike type 3-
=1 and 3= 2 errors which 'happenas ekce'ptions ~type 5:> 1 and5 = 2 errors are
most common among those suspected as type 5 errors. | ‘ _ | |
The DMA reaction on a type 4 hydrostahc susprcron that of an error at the lowest
level istoa large extent analogous to its reaction on.a type 5 susplcron as may be seen in
N example 10 dlustratrng a4 = 2 correction., There is, however, an unportant dlfferenc_e.
vthe list of possrble errors resultmg m type 4 susp1ctons mcludes addltlonally a h
computatlonal error in the thlclcness of the lowest layer (type 4'= 6 error). As 1llustrated

by example 11 the DMA corrects such an error by mod1fy1ng all helghts except that of
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the lowest leyel by the earne ‘qu'antit'y just as it acts Wlﬂl‘ "ordinary" type 6 erro‘rs those.at'
mtermedlate layers The list of possrble DMA reactions to atype 4 hydrostatlc susp1c1on '
thus 1ncludes 5 opt1ons 4=1, 4=2,4=3, 4 = O and 4 = 6 (Stnctly speaklng, the -

_same is true, for type 5 susp1c1ons, but typc 5= 6 errors cannot, and should not, be

_ dlsungutshed frorn type 5= 1 errors) |

The so-called compensat1on effect dlscussed above in connectron Wlth type 3
errors, is even more destructrve with type 4 and 5 errors. Whrle in the case of a type 3
error, a compensauon effect results in d1sappearance of one of two hydrostauc res1duals
and the remalnmg one srgnals that somethmg may be wrong, an analo gous effect fora type
| 4 or 5 error leads to the d1sappearance of the only hydrostahc res1dual which Woulcl exrst
otherw1se That means that type 4 = 3 or 5 = 3 errors Wlth compensatton are not -

'suspected at all by the hydrostattc check. . Fortunately, the sitdation with such errors is not - ¢

50~ bad 'as-it may seem. The. baselme check; as descnbed in the next Schon makes it |
po»srble to: ,dlaonose and correct type 4= 3. errors -w1th'compensat10n in sprte:of the -

‘ absence of hydrostatic SUSplClOIlS Asto type "5=3" errors with compensatlon they -
,’cannot be dlstmgulshed from observatlon errors (consrdered n Sect1on 7), and it is- much
safer to reject these erroneous data than to try to correct them 7

| The last kind of hydrostahc susplclons to be considered here is that of a so- called

\ data hole (types 13 and 14) Le., two Or more levels in a row with missing data followed
| by at least one level w1th complete 1nformatlon It may seem‘that the CQCHT treatment |
~ of data holes does not drffer from that by CHQC because 1n a majonty of such cases, the
(, CQCHT-DMA Just includes its 1nformat10n about the data hole into the SDM file like the

B CHQC D\/IA did. In fact, however the CQCHT DMA does much more mveengatmg, for |

each hole, Whether there are any errors at the’ lower or/and upper boundary of the hole

and, if s0, trymg to correct the EITors. | | |

When doing so, the DMA does not pay any attent1on to the hydrostatlc resrdual
wrthrn the hole This resrdual may be, and very often s, rather large not because of any

‘.
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error but sirnply because the hole occupies a thicl{ layer ‘s.o that the hydro'static Tcheck
. assumptlon of hnear (w1th respect to log(p)) temperature prof1le is strongly violated. (The :

| same. may happen 1f the hole mcludes the tropopause that 1s Why a type 13 hole is

: dtagnosed even if it con51sts of only one upper level of the part A, the 100 HPa level)

Ignorlng the hydrostatlc res1dual within the hole, the CQCHT DMA thus treats |

each hole contalmng report as 1f it were two 1ndependent reports, one below the hole and
another above it ThlS means that the DMA may hydrostatlcally suspect and, if possible,
'correct error(s) at the hole s lower boundary Just like it does so for the 1 upper level of the

‘ Whole report (type 5’ hydrostatlcally suspected errors) Analogously, the DMA |
hydrostatrcally suspects and « corrects error(s) at the Hole's upper boundary as if t_hey were
grrors at the lowest level (type 4y,

_ Qulte naturally, there-usually are no errors atholes' boundaries and it may seem -
that the CQCHT DMA actions in such cases llke that in exarnple 12, do not differ frorn :
What the CHQC could do In fact however the DMA has checked if there Were any -

' errors at 400 or/and 70 HPa and concluded that there were none (dec1srons 2).- One can S
- see that all i increments and honzontal residuals for these levels are really small At the
- same u.me the hydrostatic residual between these two levels is rather laroe There is no
~ doubt that it was entirely caused by the non-hnearrty of temperature profile between these
levels, and the onlyrcornmunication—related.error in this fepb'n‘Was just the presence of the'

~- data hole. | | | | | | “ |
| ~ Example 13 illustrates the DMA actions concerning the errors at a data hole :
boundary The herght of the upper boundary of the hole has been found wrong and
corrected by the DMA (type 13= 4 =1 correctlon) The correctlon is close to that
1nd1cated by correspondmg stat1st1cal restduals ‘ o o

What has been said ) far about the CQCHT DMA react1on to data holes should
1 not leave a false impression that the data holes have no adverse influence on the quallty

control. Both detectron and correctlon of errors at the lowest and the highest levels of ,
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reports are more diffic'ult and therefore-less productiVe than -at interrnediate levels .and so
are the error detectlon and correctlon at the holes' boundarles In add1t1on there isa type -
| of errors that cannot be confrdently dragnosed because of the data holes namely,
computatlonal errors, (those of type 6) within the holes or just below them As mentloned ‘
above, the hydrostatrc res1duals w1thm the holes cannot be beheved in, and that makes the
—rdlagnos1s a‘nd_subs.equent correction of computatlonal errors w1th11_1 the holes practically
impossible. | | | -
6. Baséliné¥type. errors.. |
“As menttoned above the baselme checl( is essentlally a hydrostatrc check but -
applred not for layers between two mandatory levels (as is the case Wlth what is called the ‘
‘hydrostatrc check*rn this paper) but for the layer between the station level and the lowest . o
'rhandatory surface. l,arge residuals of the baseline checl< cah be created.by.errors of |
| various: ongms and statistical resrdtlals play a crucial role in’ drstlngulshmg between these:.
' 'onoms This is parttcularly true for the residuals of, mcremental and- honzontal checks of
‘the sur‘face—alr-pressu‘re. It is convenrent therefore to ‘consrder these two checks together -
' iwith the baseline check asa separate Ibaseline—related grouip‘of checl<s and call the‘errors
Whlch influence either the stat1st1cal resrduals of the surface pressure, or the baselme ‘
're51dual or both the baselme errors. .‘ | |
| Table 7. contains the list of various baseline error types There was rnothing like
this classification in CG9O or inr any other pubhcatlon on the qualrty control We shall
itherefore consider the class1ﬁcat10n of basehne errors in some detaﬂ |
’ If the surface—alr pressure Ps was measured correctly and correctly ﬁsecl yvhen’
co‘mputing the first rharidatory leyel height buta_di'storted afterwards, in the course of
comrnumcatlon then it is a type 100 error; a comrnumcatlon-related error in the Ps I
influences the baselme check resrdual as Well as the surface pressure mcrernent and -

: honzontal residual; and it does not mﬂuence anythmg else. To recogmze a type 100 error
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»the DMA consrders the basehne residual in termsof Ps» the pS 1ncrement and 1ts homzontal '
- residual (1f the latter is avarlable) If all of them are large and close to each other then the
DMA dracnoses the type lOO ErTor, computes its'value by averagrng the three (or two)
estrmates and: 1ntroduces the correctlon as it did in example 14. |
 An observatro’n'al error in the surface pressure Ps denoted type 106 error, leads to
a qurte dlfferent pattern of the CQCHT re31duals illustrated by example 15 Unlrke atype
- 100 error that of type 106 does not create a large baseline res1dual it results only ina
large mcrement and honzontal resrdual- of the surface pressure. Even more anortant a
.type 106 error, unlike a type lOO one, does lead to errors in all mandatory level helghts _
L reﬂected by the1r large stat1st1cal resrduals (Wl’llle those for mandatory level temperatures
" ,remarn small) All herfrht mcrements and horrzontal resrduals are close to each other and
to the product of the surface pressure measurement error-Dpg a.nd the so- called barometnc

: step
 DZDp=RTg(gpy) , (24)

approxnnately equal to 8 m/HPa. ,

That is exactly what happened in- example 15. The pattern of helght statrstrcal
residuals is remmlscent of a thrclcness computat1on error (type 6, thus the type 106
notatron) but all helghts are erroneous and should be corrected and, add1t1onally, the
)_ surface pressure 1s erroneous and should be corrected as Well |

Type 106 errors are exceptronal from several pornts of view. First, no other error
of observatlonal or1g1n than that in surface pressure can be corrected sunply because

reported helghts and temperatures of mandatory levels were not measured but computed

.~ from the measurement results. Second it may happen to a type 106 error, like to any

: observauonal error diagnosed by the CQCHT (or by any other method using the forecast

~

first guess), that it actually was an error in the first guess, not in the observ_atron. ,As for
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k s-uspected obser-vational errors at mandatory surfaCes this is not very dangerous because )
at worst, some temperatures and/or herghts will be mrstakenly assrmrlated with- sma!ler
Werghts or even rejected The 51tuatlon with type 106 errors is much more serious

‘because each wrong type 106 dragnosrs would lead to wrong correctrons not only of ps

; 'but of all mandatory level helghts as well. S | |

f Type 106 EITOrS OCCUr seldom 2 or 3 times, in the mean, per a main observatron
trrne worldwide. We momtored all such efrors for more than a year Only about 70% of
them appeared to be actually type 106 errors, others were;, most probably, caused by. other

-effects We decrded therefore, followrng W Whrtmore ] suggestron not to make

N automatrcally type 106 correctrons but to pass, instead, all CQCHT mformatlon on each
-~ such error, 1nclud1ng computed correctrons, to the SDM: ﬁle, so that it is up.to a MOD-

specrahst to make the ﬁnal decrslon . | : o V

The correctrons n example 15 are thus not: performed but only proposed as .
indicated by: dec1srons 5. Thls is'alsoan exceptron in: all other srtuatrons with decisions..
different from 1, thecorrectr_ons', mdependently on whether- any was tried, are put equal to

0.

The srtuatron in example 16. looks qurte similar to that i id example 15, but the error

o or1g1n is drfferent the error has been made not Whrle measuring ps but Whrle computmg ‘

the heroht z1 of the lowest mandatory surface (type 116 error) Such an error also results
in herght érrors of all ‘mandatory surfaces These errors are close to each other and to the
basehne resrdual ~(in terms of the statron elevatron) with the opposite 51gn In order to
correct a type 116 error, it is necessary to subtract it from all herghts but, unlike type 106
‘errors, that is all the’ surface pressure does not need any correctron . |
| We beheve that the situation with the error types 106 and 116 is a good
. demonstratlon of the CQC approach ie., 1ts attempts to recognrze the ongrn of any
suspected erTor, 1ts s0 to say, mechamsm before decrdlng to correct (or reJect) any

_erroneous data. It is not difficult for the CQCHT DMA to d1st1ngu1sh between type 106
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and 1.16 errorstalthough both 'show the sarhe pattern of statistical residuals for height‘si‘
;(and no large resrduals for temperature or hydrostatlc resrduals) The baseline res1duals
show different patterns A type 106 error is recogntzed as havmg large Ps 1ncrement and -
honzontal residual, Whrch are close to each other, to the baseline resrdual in terms ‘of Ps
‘and to 1/8 of the height increments and horizontal residuals. Asto atype 116 error, the
DMA recognlz'es itas hav_ing small pg increment'and horizontal residual and large'baseline
: resldual in terms of the station elevation close by ahsolute value and‘opp'osite by sign:to

' | vthe helght increments and horlzontal resrduals . | | ) : B
| - An unporta.nt dtfference between type 106 and 116 errors is that a restdual pattem
typtcal for a type 116 error can not be a result of errors in the ﬁrst guess or, to be more
exact, there 1s no simple mechanism for the flrst guess errors to look like a type 116 error,

‘as is the case for type 106 errors. - All type 116 errors.are therefore automaucally

N
/.

corrected by the DMA.

o Thesame,rs true vwith the remaining type\of errors that can ‘berecognized, with the .

" aid of the baseline check, type 101 errors. The type 101error isa conununication—related- |

_\ error in the height, z 1; of vthe lowest mandatory-level with mis’slng temperature of this levelr '

in the report According to existing rules, the. 1000 HPa herght should be computed, while |

processrng the rawinsonde data, at all statrons (except highly elevated ones), even if thts

‘surface is under the ground The extrapolatton apphed in order to compute such 4

. underground hetghts is analogous to that used in our basehne check and descrrbed in
Sectron 3. The extrapolated hetghts are 1nc1uded into reports Whlle the underground
temperatures also computed in the course of extrapolatron are not. It happens therefore

_ rather often that the temperature of the lowest mandatory level (or even of several such-

‘ f levels) is nussmg in a report Whlle its herght is there | |

V The baseline check i is therefore used by the D\/IA 1nstead of the (rmssrng)

- hydrostatrc check for the lowest layer in order to dlagnose and correct type 101 errors, as
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it did in example 17. As 1llustrated by this case the DMA tries to find stmple type lOl
 errors. In thls case, it was a sign and a dlglt EITor. . '

- There also exrst situations when the basehne check is used by the DMA as an
auxdlary means to conﬁrm (or deny) a de01s1on made on the base of other checks For
example the partltlon of the hydrostatic residual in a type 4= 3 correctlon in example 18
.: Was made by usmo the statlstlcal reslduals of helght and temperature and supported by the |
basehne check whose resrdual (1n terms of z1) agreed qulte well with statlsttcal residuals
of the helght. ’ |
| ,' As mentioned befcjre the DMA behavior with:’tlle errors diagnosed with the |
basehne check's aid, i.e., with those of types 100, 101, 106 and 116, substantlally d1ffers
: from that w1th respect to hydrostatlc errors While the DMA first assrgned an efror: type
to each hydrostat:tcally suspected error and then used results.of other checks to make its
flnal deelslon the DMA uses the basehne checks in conjuuctton w1th other checks in order
to asslgn any type listed above and that leaves no amblgmty all correctlons of type 100
101 and 116 errors are automatrcally performed by the DMA, and all type 106 correcttons o
*are ‘computed but not performed ' ‘ |
The questton remalns therefore What should the DMA do in situations when the
baseline residuals or, at least, some of them are large, but none of eondltlon sets for the
four hsted types is satlsfled Unfortunately, this happens comparatwely often as one could
easily foresee The extrapolatlon to the mean sea level mvolved n baselme checks, is |
_rather ap proxunate partlcularly over elevated terram The vertical temperature proflle
_ 'near the ground may strongly differ from a standard one assumed in the checks. And the
forecast ﬁrst guess is less rehahle near the earth surface-than anywhere.else (except;
‘_ mayhe for the upper sratosphere). - | | |
There is therefore a spec1al error type 102, a non-identified basehne error always
accompamed by decision 5,a request for human help It hap pens sometlmes that the

‘DMA rtself solves the problem.‘ For example, a type lor3 cor:re_ctlon»at the s_econd level
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.may lead to what Wecall the annlhilation of ‘the type 102 ‘susplcion sothat the scan 2 does -

‘not make it. In most cases, however the type 102 diagnosis remarns intact, and it is |
drfﬁcult to understand Wrthout addltlonal information What actually happened in each such
case. That 1s why the mformatlon about all unresolved basehne susprcrons (except those -

’for hrghly elevated statlons) is 1ncluded by the DMA into the SDM file.

7. Observational errors.
- As was mentioned above, the term observational error is applied in this note in a
wide sense, encompaSSing all errors 'made before the processing of the report at a station

N began It mcludes not only measurement errors but those commrtted when the

o measurement results were ‘sent to the stat10n recerved there and prepared for undergomg

the processmg It was also mentloned that as long as, in the course of this processmg, the
mandatory level herghts are hydrostatlcally computed from the temperature profile, the -
hydrostatlc check does not react at all to the observational errors. That is why no-
. observatlonal 8ITOrS Were detected by the CHQC | |

The srtuatlon w1th the CQCHT is qu1te d1fferent All statlstlcal checks react to
observatronal errors, and the hydrostatlc check plays Jmportant role if large errors |
: detected by statlstlcal checks did not cause large hydrostatlc re51duals then 1f they really

are errors they are, most probably, not of computatlonal or communication- related

| nature but of observat1onal ongm

It is necessary to reallze however that a srmrlar conflguratlon of resrduals may be

caused by errors m the forecast ﬁrst guess; such errors also result in large statlstrcal

. resrduals and. do not 1nfluence the hydrostatrc ones. To prov1de some protectron against -

m1sd1agnosmg ﬁrst guess eITOTS as those of observational ongm the CQCHT DMA-
requrres that the error should be comparatlvely large in order to be dlagnosed as -
' observatlonal ole. As may be seen from Table 8 summanzmg these requrrements they

are generally more severe than the existence vcondrtlo_ns for ,hy,drostatlc ‘susprcrons. In
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" other words the smallest observatlonal errors detectable by the CQCHT are larcrer by
absolute value than the sma]lest detectable commumeatlon related and computational
errors. Stlll the CQCHT sens1t1V1ty to observatlonal errors is substantlally higher than : A
that of the gross check and the buddy check apphed before ‘

' Unlike the errors consrdered so far, the observational errors are very seldom
1solated vertically, they usually occur-at several levels That is easy to explain by the fact
that reported temperatures are those computed from measured ones, so that even a smgle . 7‘
measurement error rnay 1nfluence several computed temperatures Another reason for the ‘.

}I'vertlcal persrstence of the observation errors is that, once havmg happened such an error
is unhkely to dlsappear in the course of the rawrnsonde aseent /
Even more pronounc_ed is the vertical persistence of the height statistical residuals
_ eaused by observational erTors in temperatures. The mandatory level heights are |
: ‘ﬂcomputed,'u.pWards,; from the tem perature profile using the hydrostatic-equation.. A single
: observation errorleadsfthe'refore tovertieally persistent height errors. Asimentioned in
Section 5, this effect is aceounted for-by the‘C.QCHT D‘MYA.When. formulating the |
acceptance condmons for correetlons of height commumcatlon errors. |
o As to vertically per51stent observation errors, they result therefore as tllustrated by
: example 19, 1n vertically i increasmg statistical re31duals of herght ThlS increases the DMA
' sen31t1v1ty to observational errors Moreover the DMA often decrdes in such srtuatrons to
reject (decrsmn 4) some herghts, while retaimng all ter_nperatures, as it did in thls case, or
, to artificially assign a higher RMS random‘Observation error for these heights in order to
assumlate them ‘with srnaller Werghts (dec1s1on 3. :
Errors of thrs kind happen comparatively often Thelr most probable cause is the
- 50~ -called calibratlon error, i.e. an error in adJusting the rawmsonde sensor(s) to eond1t10ns
at the launch site. That leadsto a shift 1n temperature or/and pressure scale Wthh in its
turn, results i in vert1ca_lly persisting errors. “This cause of observatlonal errors Would not ‘

exist if the calibration of rawmsondes were performed automatiea‘lly’., :
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Exarnple 20 lllustrates another typical pattern'of bobservational errors which occurs e
more often in reports from automatically processing stations. In this case, the temperature
| er'rors" are much larger by ab‘solute value, but-they occupy only several mandatory levels in :
a Tow, whrle those below and above are error free. L. Morone another NMC specralrst n
the quality eontrol carme across such cases some time ago, and she succeeded in
| d1—scover1ng Whatvactually happened in these cases (Gandrn, Morone,’Colllns,‘ 1993). . The .
receiving antenna at the station was for some thne _erron'eously fixed on one of side lohes
- of the _sonde signal, before. the operator realiied this and redirected the antenha to fix the _‘
:ma‘in lokbe;/ It is easy to unders‘tand why such situations happen moreoften at s,t’ations with -
automatic processing of rawlnSonde- reports than at those where it,‘is performed manually |
.‘Although-it is still the operator's responsibility to ensure the proper antenna directions, he
"(or she) may pay, conscrously or subconscrously, less attentron to that under relaxrng
envrronrnent ofa computer—eqmpped stahon ‘

The fact that the automation of processing results sometimes,in lincreased numbers
of hum‘an"errors was detected not long ago. (SchWartzand Doswell ~1990) | ltrwas ~eyen
proposed to return back to manual processrng in order to avoid adverse mfluence of such
errors on analyses and forecasts It is, of course, bad to lose some rnformatlon asa result
; of these EITOrS. Our example demonstrates however that the erroneous data Wlll never
enter the assimilation system if there is an autornatic quallty control As to the Errors
' 1llustrated by this example they w1ll never occur after the antenna dlrectlng becomes
automated as. Well |

' The situation in'example 21 looks sirnil_ar to that in example V1 8, there also are
persistent large statistical residuals of temperature which caused growing height residuals
- which, in their turn, resulted in the DMA decision to assimilate the 50 HPa height with a
smaller werght However our monrtonng of these eITors revealed that they often persrst
in tlme ovér this region (Alaska) and the most reasonable explanahon of this fact (lf not

" the only\ possrbl_e one) is that these are not the observatlon errors but-errors n the foreca'stv
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first"ouess\ This assumption is supported"by the fact that the humber of such events has |
recently decreased due, as we beheve to merovements in the NMC DASes and, o

, partlcularly, to mcreased vertical resolutlon of the NMC global NWP model in the upper ‘
' stratosphere \ |

There Were 1o suspected commumcatlon or computatlon errors in examples

. con31dered in this Sectlon so that the DMA performed 1ts actlons only at the second scan

' Reports dlstorted by both observatlonal and non- observatlonal erTors are most dlfflcult for
the automnatic QC (as'well as fora subjectwe one) Typlcally, the DMA makes its |
“ corrections of commumcatlon and computatlon errors at scan 1, while its decxsrons 3 and
4, concernmg observational errors, are made at scan2. It may happen that some data

' corrected b.y scan 1 are then rejected by scan 2. Even _Worse, the presence of
'observational error(Sj can prevent the DMA from proper correction of corrlthunicatio_n ) )
and/or computatlon error(s) and ﬁnally result in reJect1on of correctable data.-

/ - All mformatlon about the observatlonal errors is includedin the SDM ﬁle so that
~the MOD spectahsts can modtfy the DMA dec1srons by reJectmg e1ther more or less'data’
:u than.it has been done by the DMA.- They can also dlstmgulsh based on their expenence

E between the observanonal and first-guess errors and thus preserve some data that
otherwise Would be lost. Even more tmportant is the ‘possibility to perfor_m the mo_nltormg
-of.vob servational,‘errors:made at various stations. Th'e feed‘-back of this mfo'rmat_ion to -

~ stations involved helps them to de_tect their problems and to improve their performance. |

8. Some stattstzcs of the CQCH T performance -

The CQCHT actlons underoo regular momtonng of Vanous kinds by spec1ahsts |
| belongmg to several NMC d1v131ons The operaﬂonal momtonng is performed by the
SDMs and/or other MOD specmhsts in the mteractwe quahty control (IAQC) mode

A allowmg them fo make their subJ ective dec1s1ons, as Well as to modlfy those made /

. automattcally by the DMA, in operattonally acceptable tmle The CQCHT de51gners '
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perform ona regular basis, What we call quasr operatrona.l momtorxng of CQCHT Only
the most complete data sets ‘those for the ﬁnal runs (twrce a day) are analyzed with a
delay not exceedmg several days The main aim of the quasr operatronal momtormg is the
. unprovement of an- exrstmg algonthm and the desrgn of new algonthms The operational
: rmplementatlon of any new algorlthm or of any new version of an exrstmg algonthm is not
dene unt1l it is thoroughly rnvestlgated often in parallel Wlth the operatlonal versmn in the
) quas1 operatlonal monttonng mode Such 1nvest1gat10ns usually requrre much tJme
. because only a small number of reports contain rough, errors, and because the most
\comphcated cases needed for the mvesngatlon happen partlcularly seldom

The CQCHT quasr—operattonal monitoring is also a powerful’ means for detectmg
problems Wlth the rawinsonde data that occur sometimes at one or another statlon or -

somewhere else outs1de or 1ns1de the NMC. The feed- back connections: W1th those

o responsrble for the problem is usually provrded by the NMC Quallty Assurance Group

spec1ahsts and results as a rule, in- the solutron of appeanno problems. - _
, " Both operational and quasr—operanonal monrtorrng use the CQCHT operatiOnal
" outputs descrlbed above (Sectlon 4) and ﬂlustrated by Fig.5. A third kind of CQCHT
monltonng, the monthly momtonng, is based on the CQCHT monthly summanes
' produced at the end of each month These summaries are regularly drssemlnated among ’
»'lvarrous spec1altsts at NMC and also sent to other spec1allsts in this country and abroad
. who have expressed rnterest in thls tnformauon |
‘Each monthly summary consrsts of three maj‘or parts. : The first, most yoluminous. |
o partisa hst of all DMA dctions for a month as they are exposed in the CQCHT Events
Files (see Sect1on 4) for maJor observanon tlmes Informatlon presented in'this part is the
only source of all statistics on the rough error dlstnbutlon by Varrous types and by vanousv
" regions computed by,the Monthly Summary Code and presentedln the second part, of the
su:rnmary The third part _contains statistics summarized for each station'that committed at

least one rough error during the month. The information collected in the CQCHT monthly



45

E surnrnanes is stored fora long time. This archlve is used to obtain various statlstlcs
\averaged over larger periods of time. |
/ The maln apphcahons of the monthly summaries are the analysts of rawrnsonde
data qualrty over various regrons of the Earth and the detectron and 1nvest1gat1on of 7
: jspecrﬁc problems with the data whrch appeared repeatedly or per31stently over sorne
‘regions or at some statlons Some results of such an analys1s have been reported
| elsewhere (Gandm Morone Collms 1993). |

The 1nforrnat10n collected in CQCHT monthly summaries may be also used: for the - -
evaluation of the overall CQC_HT performance. The correspondmé statistics of monthly o
. mean numbers of errors per observation time, aVeraged over the whole globe, are
, presented n Tables 9 and 10. ‘ ‘

Table 9 contains the error numbers averaged over 18 months, as well as their

standard deviations, for -fourvmajor‘-categorres. hydrostancally suspected errors (except the . -

- data holes), errors suspected by the baseline' checks, data holes, and observational EITors. -

The table also mcludes correspondrng numbers for the CHQC allowrng comparison of the L
‘ productlvrtyt of the two methods |
This table illastrates two major advantages of CQCHT over CHQC First,

| suspectmg hydrostatlcally errors in the same reports the CQCHT DMA corrects a much

 higher number of these errors, more' than 75% as compared Wlth less than SO% of them (it

also concludes that the rernarmng hydrostaucally suspected errors should not be :
corrected) Second the CQCHT unhke the CHQC detects observatronal errors and
| dec1des either to reJ ect such erroneous data or to assrrrulate them with smaller Welghts
Other CQCHT advantages are expressed by smaller numbers just because the
errors involved categones which occur more seldom The CQCHT baseline checks detect
- IOt errors. than the srngle baseline check of the CHQC did and, much more rmportantly, '
~the CQ_CHT DMA corrects a majority of these errors while the CHQC corrected none of

them.
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Some addrtronal statistics of the CQCHT performance concernrng the
hydrostatrcally suspected errors are given in Table 10. They are based on a three month
sample and are presented by relatrve numbers (m percent) rather than by absolute numbers‘
| of errors per observatron trme as in Table 9 ‘ |

| All types of hydrostatrcally suspected errors presented in Table 10. may be divided

into two categorres those whrch would be automatrcally corrected by the CHQC
(categoryI the CHQC- correctable errors, types 1,2 and 7- 10) and those for whrch the

- CHQC DMA Would rely on human help (category 1, the CHQC—non-.correctable errors,
| jtypes’v3-6, 11 and 22). Table 10 shows that the overall frequency of the category II |
suspected_errors is even slightly higher than that ‘for category L. .At’the same time, the '
'nurn_her. of corrections,m'ade by the CQCHT DMA 1s 'smallerfor category II than for
jcategory*I because the percent of the CQCHT cOrrectionsl(decision's 1) of suspected

errors is substantrally smaller for types belongln0 to category II This fact may be

| consrdered asa Justrﬁcatlon of the decision made several years ago When the CHQC DMA

was desrgned to make 1t automatrcally correct only the category I errors.
There are several reasons why the correctron percentacre is comparatrvely small for
suspected errors of vanous types belongmg to category 1. Type 11 and 22 suspected
. errors are, by deﬁmtion small, and the DMA often decrdes that there was 1o error at a]l
, ‘and rehabrhtates the suspected datum (decrsion 2) The same happens although much
‘more seldom, with type 4 SUSplClOHS which may be caused by the non- hneanty of the
i temperature profﬂe near the ground and/or by the mﬂ_uence_of humidity on the virtual
- temperature. On the other hand, there \xtere very few rehabilitation decisions for type 5.
and 6 suspicions, and none for type 3. For—these .types, -substantial .frac_tions of the.Dz‘MA“
non—correction decisions 1ed to rej ection of data (decision 4), to their»ass_imilatiou with -
diminished weights (decisio'n 3),/ or to requests for a human help (_decisi_oh 5). _. :
- As ment_ioned above, 'the torecast first guess intormatiOn was‘for several years of

 the CQCHT operation available only up to 50 HPa, and the CQCHT algorithm performed
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“like the CHQC for 30, 20 and 10 HPa levels Be1ng unable therefore to decide What to do
with the hydrostaucally suspected errors of category 1II at those levels, the CQCHT o
5 as51gned dectsron 5 to any such SllSplClOl'l Naturally, this happened most often to
suspected errors at the highest reported level (type 5) The number of such decrsrons ’ N
Would be much less if the forecast ﬁrst guess were available everywhere
For the hydrostatlcally suspected errors of category I, which would be
automatlcally corrected by the CHQC DMA, the numbers in Table 10 show that an
:overwhelrmng majority of these correctlons are perforrned by the CQCHT D’\/IA as well.
E Th1s conclusron conﬁrms that in rare s1tuatlons when there is no first guess avallable the

CQCHT can st]ll produce good results worklng asa CHQC
9. Some fun‘her developmem‘s
The Imain purpose of the CQCHT desrgn and operatronal nnplementatlon was, of -
course the anrovement of the NMC DASes and NWP results At the same time, it has
| ‘formed a ba31s for further development of the QC algonthms at the NMC DD. All these
v'algorn‘hms brteﬂy descrlbed in th1s Sectron were already used at NMC to one or another
extent. | | | | |
Comple)r rjuc;li;y control of Sigﬁ’zficczrzt level tempem‘rz_tres. Arnew CQC of
s1gn1ﬁcant level temperatures‘ was designed and implemented by one of us tW.C.). It
includes_their' hydrostatic and 'in‘cremental ‘checks,' as“ Well a‘svertical checks by
‘ interpolation from mandatory,levels 0nly and from'heighboﬁng signlﬁcant levels. The
mandatory level‘temperatures ‘appliedf in this algo'rithm, are those that have already, ’
undergone thetr CQCHT The algonthrn checks them again, usmg mgmftcant level '

‘ temperatures Sometunes though very seldom, 1ts result is contrad1ctory to the CQCHT
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correction, and this correction may he rejected. The neW algorithtn proved to be much
better than the prev1ous one (Colhns 1990) that did. not use the forecast flrst guess

| CQCHT for the NMC Clzmate Data Asszmtlatzon System ( CDAS ) CDAS is the
NMC global data assumlatton system desxgned for clunatologlcal studtes\usmg a rnuch |
longer cut-off time than the operational GDAS_ ,‘in an eftoft to assimilate as tnuch

- '_infortnation as possible.‘ Although the CQCHT m"ight'be ap.plied to' CDASI informat’ion as

.+ tis,an even more productlve CQCHT verston was de51gned for CDAS. It addtuonally

o 'tncludes a temporal check Whose resuiual is the chfference between a reported value and
 that linearly interpolated in time usmg one obs_ervatlon‘hefore and’one after»the time in |
question (provided thati none o'f them is motfe tha’n-24;hours apart).v This additional check
: apphed.to ‘height antl‘to tempetature‘ie most important for isolated sta‘t:ioné, becaujsethe '
l' horlzontal check for them is not productlve or even posstble The CDAS CQCHT was -
also apphed for the NMC N CAR Reana1y51s pI‘OJCCt (Kalnay, I enne, 1991)
Preltmmary qualuy control for Reanalvszs Initial data for. the reanalys1s are
' colle‘c’tedofrom-vartous sources-wofldW1de; and they should he suhjected to some quality
’, control before enteriné the Vreanalysisu when the first guess i‘s .not avaﬂabie.' The CQCHT .v
) version thh the temporal check (and Wlthout first guess) was used for this purpose The
' K role of the temporal checks is parﬂcularly crucial in the absence of other statlstlcal checks.‘ B
| Ou: expenrnents Wlth thereanalys\ts data have“shown that, whenever the temporal checks
‘ ’ of height and tetnperature are available theit co'n‘lplewiith the hy‘dr‘ostatic and baseline
' ‘checks is only shghtly less efﬁctent in detectmg and correctmg errors than is the conlplete

CQCHT algortthm 1nclud1ng 1ncrementa1 hortzontal and vertlcal checks
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The tempdfal 'che'ck may be, and alrg':édy has beeh, _used also for the prelirniﬁary’

quality control of other reanalysis data. The most sensitive, under such circumstances,

wbuld be, »pé‘rhfaps, its complex with horizontal a.nd vertical checks of anomalies.
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4 F1g 2 Operat1ona1 output (Examp1e 1.

1

400

STN ID: 29282 LAT: 58.38 - LON: 97.48. EAST TIME: 94/05/01/00 . I\ hémﬁng '
CSCAN: 1 SRR A , ‘ o A
TINC IVOI IHOI ITMP STl SR 'S
PRES Z T Z T Z, T Z T IHSC IBAS TIIPL IHPL o
1000 0 0.0 0 O 0 0 -0 o 0 0 .0
9250 0 0 0 O 0 0 0 0 : '
850 0 0 0 0 0 0 O O O
700 0 0 0 0 0.0°0 0 . O
'S00 0 0 0 2 0.0 0 0 .0
400 0 2 0°2 0 2 0 0 2 quick
300 000 0 20 0 0 0 0 recognition
250 0 0 0-0..0 0 0 0. .0 table .
200 0 0 0O 00 00 O 0 i
150 00 0 0 0 0 0 0 0
100 0 0.0 0.0 .0-0 0 . 0 .
70 °0-0 0 0.0 0 0 0 -
50 00 00 00 0 0 0
30 00 00 0 00 O 0
200 0 00 0 0 0 0. -0
10 0000000 0 0 I
.ﬁFULL VALUES ' SURFACE PRESSURE.  BASELINE CHECK RESIDUALS: 4
PSS IS “INCR  HOR-RES . in Ps . in'Zs - in.Z1
1003.  131. -1.5 . -2.5  =0.5 © -3.9 3.7
'OBSERVATION INCREMENT = HYRES HYRES VERTICAL HORIZONTAL
"PRESSHEIGHT TEMP HEIGHT TEMP HEIGHT TEMP "HEIGHT TEMP  HEIGHT TEMP
1000 159. 2.2 - -5. 3.8 = ---o —o- 9. . 2.6 . -2. 1.9
925  782. -1.3 7. . 2.4 -1, <1.2 - 7. 1.4 -5. -0.5
850 1450.. -6:3- 3. - -1.1 . 1.° 1.1 1. -1.9 - -6. -1.3
700 2952, -12.3  -4. -0.7 3. 0.9 -5, -0.3 ' -16. -1.2 main
500, ' 5450..-28.3  -1. -0.6° 8. 1.6 - 2.-19.6 -25. -1.0. | pody
400 7010. °33.0 -7." 72.3 -239. -73.3 3. 72.9 - -36. 72.2 o
3000 8900. -56.1  -25. -2.0 =313. -74.3 = -13. -16.1 ~ -51. ~-1.8
250 10050. -60.5 -23.. 0.9- 3.0 1.3 -7, 1.6 -43. 1.2
200 11450. -58.1 -17. -0.5 3. 1.0, 8. -0.3 -34. -0.9
150 13280. -53.7 -45. -1.8 - 1. 0.1  -27. =-2.0 . -46. -0.5
100 15890. -52.9 -34. 1.6 1. 0.1 -9, 1.9 . -44., 0.6
70 18200. -51.7. -27.. 0.0 4, " 0.8 -7. -0.2  -37. 0.1
50 20390. -51.3 -20. --0.6 7. 1.4 -6. -0.6 -37. -1.0
73023730, -49.3 ----  —-oc 8. 1.1 e leme oo oo
20 26400. -47.9 ——--  —--- 5. 0.8  mem== femem—ieo Loon
10. 31000. -42.9 ---—- ' ---—— 21, 2.1 = -=e- oo-- T |
DMA RESULTS

SCAN PRESS VARIABLE IHSC DECTISION OLD VALUE CORRECTION NEW VALUE | DMA
2 1 330 -72.0  -39.0

- actions



Examp?e 2 Type 1 éorrectoh despite a small increment.

STN ID 35394  LAT: 49 80 LON: 73.13 EAST TIME: 92/04/31/12
- SCAN: 1 - ' , - B S o ; :

© OBSERVATION INCREMENT HYRES ~  VERTICAL  HORIZONTAL

PRESSHEIGHT TEMP - HEIGHT TEMP HEIGHT - HEIGHT HEIGHT
300 8950. -46.3 - 91. 3.3 S - R ¥
: B ) - -104. AR -

250 10050. -48.9 . 8. . 3.3 . - =69, - -32.

- » o - S0 101, ,

200 11610. -50.7 110. = -0.5 o ; 63, 74.
DMA RESULTS : : '
SCAN. PRESS. VARIABLE IHSC DECISION OLD VALUE CORRECTION NEW VALUE

‘1 250 zZ. 11 +10050. . -100. ~10150.

Examp1é‘3 Type 1 Suspicion Hof confirmed by statistical checks.

STN ID: 48698 LAT: 1. 37 - LEON: 103.98 EAST »TiME: 94/05/04/12
SCAN: 1 ’ ’ S :

OBSERVATION . INCREMENT HYRES - VERTICAL ' HORTZONTAL

PRESSHEIGHT TEMP HEIGHT TEMP . TEMP TEMP . . TEMP
150 142500 -67.5 -48. -2.3 S s 1.0
100 16590. -75.1 '-675”*'5.0' e 3.0
 70' 18620 -76.1 -44. 2.2 ol 1.8 . 1.0

DVA RESULTS =

SCAN PRESS VARIABLE IHSC DECISION OLD VALUE CORRECTION NEW VALUE
1 100 T2 3 o =75, 00 0 7501



Examp1e 4 Type 6 error. correctmns

'STN ID: 58238 . LAT: 32,00 CLON: 11s. 80 EAST TIME: 92/12/29/00

SCAN: -1 , |
OBSERVATION ~ INCREMENT "~ HYRES®  VERTICAL  HORTZONTAL
- PRESSHEIGHT TEMP HEIGHT TEMP = HEIGHT =~ HEIGHT © HEIGHT
500 © 5650. -21.1- 14. -0.8 \ 9. 5.
- o : SR 6. - o
400 7270. -30.9 13. - 0.9 ‘ -72. - 8.
1300 9460. -43.3 223. - -1.8 ' 125. - 205.
= . ‘ 7. : o .
250 10690. -44.5 221. -1.1 45, 203.

DMA RESULTS- R ‘
SCAN PRESS VARTABLE IHSC DECISION = OLD VALUE
1 300 . Z 6 1 9460.

1 2z -0 1 - - 10690.

1030, oz o 1 23770.

'

CORRECTION “NEW VALUE -

-200.  9260.
~200. 10490 .
-200.  23%570.



’ ExampTe 5 Type 3 correct1ons

- STN ID 98223 LAT 18.18  LON: 120 53 EAST TIME 92/04/11/00
SCAN: 1 : ,

OBSERVATION INCREMENT = HYRES HYRES  VERTICAL  HORIZONTAL
PRESSHEIGHT TEMP HEIGHT. TEMP HEIGHT TEMP HEIGHT TEMP HEIGHT TEMP

500 . 5860. -5.9 3.  -0.5 .94, 10.5 . 8. 0.1
R S . -63. -19.3 . N
400 7380. -55.7 -196. -39.0 . -202. -38.9° -186. -39.

e : 371, 88.2 o S

1300 9680. -32.5 15. 0.5 - ©75.. 8.5 37.7 0.7
DMA RESULTS - ‘ ,
SCAN PRESS VARIABLE - THSC DECISION 'OLD VALUE CORRECTION. NEW VALUE

1 400  T. 3 . 1 -55.7 . 40.2 -15.5 ¢

1 400 .z 3 1. 7380. ©200.  7580.

ExampTe 3 Type 3::1 correct1on

STN ID: 42868 LAT 21 lO LON 79 05 EAST TIME 94/05/10/00
SCAN: 1. . :

, ‘ OBSERVATION INCREMENT \HYRES‘_ VERTICALT ' HORIZONTAL "
PRESSHEIGHT TEMP = HEIGHT TEMP HEIGHT HEIGHT..TEMP - HEIGHT : TEMP"

025 - 728. 29.2 1. 3.0 . 126. 4.5 2. 17
850 1074, 23.4°-381. 3.2 -f395. 2380, -4.2 -398. -2.5

700 3137, 110 19.  -1.3 - ,'178;‘—0]2‘ -3, ;110u .
~ DMA RESULTS |

SCAN PRESS VARIABLE ~IHSC DECISION OLD VALUE CORRECTION NEW VALUE
1 850 z 301 1074, - 400. . 1474



. Exafine 7 fype 3 errofs wizth‘v_co_r'hpeln,satiqn.

~STN ID 44292  LAT: 47.937 LON:‘106.98 EAST . TIME: 93/07/15/12

OBSERVATION INCREMENT "‘HYRES . VERTICAL ~ HORIZONTAL .

,ZPRESSHEIGHT TEMP HEIGHT TEMP HEIGHT ~ HEIGHT TEMP HEIGHT TEMP.
850 1367. 17.2 . 4. -3.5 . o -3. - -3.0 -9. -1.9
PR DR 8. S
700 2990. . 5.0 . =1. ~1.6 - 15. -3.8- -13.. -1.6
500  5600.. 9.0 -55. 19.0. -58. 19.4  -72. 19.0
: . R : 3. s , :
400 7350. -20;5 Co6. -0.3 : 29, -5.5  -11. -0.6

DMA RESULTS
SCAN PRESS VARIABLE IHSC DECISION OLD VALUE CORRECTION NEW VALUE
1500 z 6 5 5600. . 0.0 5600.

Examp1e 8 Type 5::1 correct1on

STN ID 24266 LAT 67 55 LON 133 38 EAST TIME: 94/05/04/12
SCAN: 1

'OBSERVATION' "INCREMENT fHYRES.» HYRES = VERTICAL _'.HORIZONTAL

'PRESSHEIGHT TEMP HEIGHT 'TEMP: HEIGHT ~ TEMP ~  HEIGHT .  HEIGHT
300 8720. -52.5 15. -0.2° - . 0. . 18.
S . o " L =20 -0.9 - i
© 250 9900.--50.7 - 15. -0.2 76, 22,
oo ' S -193. -59.0 ' _ ST
200 11170.-—47.7>5183. -0.3 N —192,, -,-175.
DMA RESULTS

SCAN PRESS VARIABLE THSC DECISION OLD VALUE CORRECTION ~NEW VALUE
1 200 - Z 5 1 11170. . 200. 11370.



.Exa‘mpIe 9 Typé 553 ‘corr,ect—iojns.'

STN Ip: 94996 LAT -29.03 LON: 167.93 EAST TIME: 94/05712/00

: OBSERVATION INCREMENT HYRES - - -VERTICAL  HORIZONTAL
PRESSHEIGHT - TEMP ~HEIGHT TEMP 'HEIGHT HEIGHT TEMP. HEIGHT TEMP

150 14070. -65.3 _-31. -2.3 - 28.-13.40 2220 -1.9
, 3 S -s17 . o .
100 16340. -1.3 -164. 72.4 - -149. 72.8 155. 72.2
DMA RESULTS » ' ' - ’
SCAN PRESS VARIABLE TIHSC DECISION OLD VALUE CORRECTION NEW VALUE
1 100 T 5 1 -1.3 - -70.1 -71.4

1100  Z 5 1 16340. 142. 16482. .

Example 10 Type 4=52 correctio'n. :

STN ID: 20744 . LAT 72.38  LON: 52.73 EAST TIME: 94/05/02/12
SCAN: 1 - S S 0/0er

.FULL VALUES  SURFACE PRESSURE. BASELINE CHECK RESIDUALS -

PS . ZS INCR  HOR-RES ~ in Ps . .inZs  +in Z1
1011.' 19. -~ -0.6  -1.0 0.3 2.5 -2.2
* OBSERVATION ~INCREMENT ~ HYRES ~ VERTICAL °~ HORIZONTAL -

_PRESSHEIGHT TEMP ~HEIGHT - TEMP: TEMP  TEMP . TEMP

1000 . 100. -71.9  -4. -58.3 ° 0 -58.4 -58.6

T T . s7.8 o | .

925 690. -15.1 - 12. 0.2 21.8 0.4

" DMA RESULTS

SCAN PRESS VARIABLE IHSC DECISION OLD VALUE CORRECTION NEW VALUE
1 1000 T 4 1 - =71.9 60.0 -11.9

'



ExampIe 11 . Type 4=6 correct1ons

STN ID: 46734
SCAN:

1000

925

- 850

'~700

_ LAT: 23.57
1. o
" OBSERVATION  INCREMENT
PRESSHEIGHT TEMP HEIGHT TEMP
107, 242 11 -2.0
1615. 19.0 108.. -2.5
3250. 10.2 96. -1.0

DMA RESULTS

LON 1109. 62 EAST

HYRES

HEIGHT

106.

L -1.0

TIME: 92/04/29/00

 VERTICAL . HORIZONTAL

HEIGHT . HEIGHT
-53. T
68. 101
160 82.

SCAN PRESS VARIABLE IHSC DECISION OLD VALUE_ ‘CORRECTION  NEW VALUE

1
1

-

1

1000
1000
850

.id

T
Z

zZ

2z

4

4

0

2
2

1
.

24.2

107, 7
1615.

31200.

0.0 241
0. 107.
-100.. 1515.

-100.  31100.



Example 12 Data HoTe;:no errors.

STN ID: 71722

SCAN: 1

OBSERVATION .. - INCREMENT HYRES VERTICAL

(LAT: 46.38  LON: 284.03 EAST TIME: 92/04/13/00

PRESSHEIGHT TEMP HEIGHT TEMP HEIGHT HEIGHT TEMP

400 6800.
300 ----
100 ----

70 18170.
DMA RESULTS
SCAN - PRESS

I 400

1. 400

1 70

170

_‘41,_' g9

53,9 -30. -1.1

VARIABLE IHSC DECISION

T

z
T
g

-44. -1.6

0
0

13

o

2

2
2.
2

35, -0.6

13, 0.2

-41.9
- 6800.
-53.9
18170.

_ HORIZONTAL

HEIGHT TEMP
-60.  -1.2
30, -0.2

OLD VALUE. CORRECTION . NEW VALUE

0.0 '-41.9
. 0.0 .- 6800.
0.0 .~ -53.9
6.0 18170.

i



Example 13 Type 13=:4 :¢1 correct1on

CSTN ID: 43346 LAT 10 92 JLON: 79, 83 EAST TIMEE 94/05/18/00/
SCAN: 1 - : ’ ‘

OBSERVATION INCREMENT.‘  HYRES VERTICAL HORIZONTAL

PRESSHEIGHT TEMP. HEIGHT TEMP =  HEIGHT~  HEIGHT HEIGHT
250 10990. -42.7 10. -4.1 ., . ) -6. 17,
200 SR TEE - [_ R o , —-m
150 —em dee eem o —e 313500 oes R
S 100 --- ..-4-_ i , ,l : | R
70 15860 -73.9-2804. 6.0 - -2796. -2819.
' L o 2723 = o o
50" 20590 -64.9 -16. 5.1 - . 1424, - 16.
i‘DMA RESULTS = SN | E
SCAN PRESS . VARIABLE TIHSC .DECISION OLD VALUE CORRECTION NEW VALUE
i 700z 13 1, 15860. 2700. . 18560.
2 70 T 13 2 -73.9 0.0 -73.9

270 -z 13- 2 - 18560. 0. . 18560.

Example 14 Type 100 error. ‘ o
~ STN TID: 47827 LAT: 31.63  LON: 130.60 EAST TIME: 94/04/15/00
. SCAN: 1 . R - B N . ) .- . A‘ .‘ o

FULL VALUES ~ SURFACE PRESSURE  BASELINE CHECK RESIDUALS

- PS ~ ZS ~ _INCR' HOR-RES in'Ps. 1dnZs ~ in Z1
1020 283 - 27.1 28.5 130.3  254.2 - -202.3
SR oE e - o o
. OBSERVATION INCREMENT  HYRES HYRES  VERTICAL  HORIZONTAL
'PRESSHEIGHT TEMP HEIGHT TEMP ~  HEIGHT HEIGHT 'HEIGHT
+1000° -196. 11.8  -11. -3.1. - . L0 -3.
925 848. 10.4 -18. 0.7 S -10. . -4,

DMA RESULTS ‘ §
SCAN PRESS VARIABLE IHSC DECISION OLD VALUE - CORRECTION NEW VALUE
1 1000 PS - 100 1 . 1020.0 -28.7 991.3



‘Examp]e_lS Typé’lOG error.

STN ID: 26477 LAT 56.38 ~ LON: ' 30.60 EAST TIME: 94/05/01/00
SCAN 1 ' ' '

FULL VALUES SURFACE PRESSURE BASELINE'CHECK,RESIDUALS -

PSS IS INCR - HOR-RES  in Ps = '4dn Zs. ‘din Z1
-1007.  98. 10.4  10.8 © -0.1  -1.0 0.9
OBSERVATION . INCREMEN% : HYRES . VERTICAL HORIZONTAL
~ PRESSHEIGHT 'TEMP HEIGHT TEMP -~ HEIGHT "~ HEIGHT = HEIGHT
1000 158. 12.0 101.. -1.1 R 39. 92,
925 812. 10.2 - 98. :-0.6 ’ S 20. - 96.
: ‘ TR UCRE T S SR ' ' :
- 850 1500 5.4° 95. -0.1 I - 18. 86.
DMA RESULTS | o | '
~ SCAN PRESS VARIABLE THSC DECISION OLD VALUE CORRECTION NEW VALUE
1 1000 - Z 106 5 0158, -89. - 69,
10925 z . 0 5 g12. . - - -89. 723.

1 80 -z 0 5 1500. - -89. . - 1411,

1 'iéé Sz 0 5 - 13610. - -89. 13521.



Example 16 Type 116 error. ’ o B
© STN ID: 28952 . LAT: 53,22 - LON: 63.62 EAST TIME: 92/05/08/00
SCAN: 1 S S ‘ R
FULL VALUES = SURFACE PRESSURE  BASELINE CHECK RESIDUALS
PS  ZS ~ INCR HOR-RES . “in Ps in Zs in 71
990.0 171.  -1.5  -2.0  -9.0  -76. 81
OBSERVATION =~ INCREMENT ~ HYRES  VERTICAL ~ HORIZONTAL
PRESSHEIGHT TEMP HEIGHT TEMP HEIGHT ~ HEIGHT  HEIGHT
1000 163 8.6 65. 4.0 . . 4. 66.
925 dem e eem e Bl S
850 1500 -6.3 8. 3.8. . . 21. - . 8l
- » I A s o
700 3040 -21.3 104. 3.9 . . 18. - 101,

DMA RESULTS . EE , R |
SCAN . PRESS - VARIABLE IHSC DECISION OLD VALUE CORRECTION NEW VALUE

1 1000 oz 116 . 1 . - 163. 76 - 87.
1 80 .z o 1 . 150.  -76 1424,
1100 oz 0 1 . -16020. ~  -76 15944,



ExémpTe 17 Type IOi,errorT'
'STN ID: 48820 LAT: 21. 02 LONE,IOS.SO'EAST TIME: 94/05/02/12 :
“SCAN: 1 ‘ ' L

'FULL'\VALUES- 'SURFACE PRESSURE  BASELINE CHECK RESIDUALS

PS  ZS . INCR  HOR-RES inPs- dinZs  dnZl
997. 9.  -1.9 - -1.1 - -153.4  -442.2  460.0
OBSERVATION INCREMENT'  HYRES  VERTICAL  HORIZONTAL
- PRESSHEIGHT TEMP HEIGHT TEMP - HEIGHT HEIGHT  HEIGHT
1000 442, ---- . 425. - ---- o ae7. 445
925  678. 33.0 -66. 6.0 . -227. a4,

850 1430. 28.0 -26. 0.9 . . 1. <21

DMA RESULTS

SCAN  PRESS VARIABLE\ IHSC DECISION OoLD VALUE CORRECTION ~NEW VALUE
-1 1000 4 J101 1 . 442 - -484. -42.

'Figure 18 .Type‘4:¢3:correctidhs. T

STN ID 97014  LAT: 1.53  _LON: 124.92 EAST "TIME: 92/05/07/00
aSCAN 1 ‘ L S : -

FULL VALUES SURFACE PRESSURE  BASELINE CHECK RESIDUALS
PS. ZS INCR -~ HOR-RES in Ps '~ dn.Zs in Z1
1002. 0 80. 0.5 . 0.4 -10.5 . ,-99. . 98.

: OBSERVATION INCREMENT ~ HYRES HYRES | VERTICAL HORTZONTAL
PRESSHEIGHT TEMP HEIGHT TEMP HEIGHT TEMP HEIGHT TEMP HEIGHT TEMP

1000 0. 0.0 -8. -30.4 ~  -89.-29.9 - -89. -30.
925 --- f;—*<, — _f;—f 162. -68.2 -4—' mem L mmm s
850 1504 17.8 . 1. -1.5 . 3880 1. -1.2
DMA RESULTS | | ' '
. SCAN. PRESS VARIABLE  THSC DECISION OLD VALUE CORRECTION NEW VALUE
1 1000 T 4 1 0.0 30.3 30.3

1. 1000 . Z c4 T 0. 9. . 90.

L.



~

Examp1e 19 Vert1ca11y pers1stent observat1on errors

STN ID: 62306 LAT: 31 33 JLON: 27 22 EAST TIME: 94/04/19/12
SCAN: 1 :

OBSERVATION‘ INCREMENT '.HYRES - HORIZONTAL
PRESSHEIGHT TEMP HEIGHT TEMP - HEIGHT HEIGHT TEMP

1000 -9, ---- 12, - Toe200 S
925 720, 36.6 -4. 7.7 -12. 6.9
- | | : -12. ,
850 1464. 28.2 27. 5.3 . - 16. 5.0
| D o 3.
700 3136. '12.8 51. . 2.5 - . 38. 2.3
o e ‘ 4. o
500 -5850. -8.7 102.. 6.2 ~ 83. 5.8
| , o -4, -
400 7530. -21.9 131, 4.7 107.. 3.9
300 9600. -34.3 188. 6.7 . 156. 5.7
o , ~ 1. . e
250 10850. -43.9 226. 6.5 . 186. 5.4
200 12310. ---- 257. —-=-= - 215, ----
150 14150. -55.7 "306... 7.2 . 257. 4.9
\ R B N o
100 16720..-58.1 406.. 8.7 . °391. 5.2
DMA RESULTS e B
SCAN PRESS VARIABLE IHSC DECISION OLD VALUE CORRECTION NEW VALUE
2 300 z 0 4 9600. 0.0 19600.
2250 z 0 4 10850. 0.0 ~  10850.
2 200 z 0 4 12310. 0.0 - 12310.
2150 z 0 4 . 14150. 0.0 14150,
2100 . Z 0 4 ' '16720. 0.0 16720.



ExampTe 20 Observat1on errors in a part of the sound1ng

'STN ID 72747 LAT 48 57 ~ LON: 266.62 EAST TIME 93/02/08/12
‘SCAN: 1

OBSERVATION INCREMENT HYRES ‘HORIZONTAL_:
PRESSHEIGHT TEMP. HEIGHT TEMP HEIGHT HEIGHT TEMP

500 5550. -19.3  24. -0.9. - 13, 0.0
. . S -4,
4oo 7190. -23.5 34. 7.9 . - 33. 8.5
‘ Co S 16, .
300 9270. -32.5 153.  16.6. - 156. 16.8
: T L , , 0. :
250 10530. -41.5 244. 16.6 ~ 246. 17.7
) ) . o B : g 4'.:. ) y )
200 12010. -52.7 347. 7.8 ©.. 347, 6.4
o S -11. o
150 13810. -63.5 321. -7.8 , © 323, -8.9
L I -9, o
100 16350. -53.3 274. = 3.6 : 276. 4.2
: _ , § 11, U A
70 18650. -54.5 343, 5.3 - 341, 6.0
, - -1. S
-so 120780. +59.1= 371.  -0.1 . 374, 0.5
DMA RESULTS - s SRR
SCAN . PRESS - VARIABLE IHSC DECISION = OLD VALUE < CORRECTION  NEW.VALUE
2 400 T 0 3 -23.5 ' 0.0 . -23.5
2300 T 0 30 -32.5 0.0 -32:5
2 250 - T .0 - 3 ~41.5 0.0 -41.5
2 - 250 Z 0 . 4 "10530. 0.0 ~  10530.
2 200 T 0 -3 -52.7 0.0 Z52.7
2 200 -z 0 4 - 12010. . 0.0 12010.
2 150 T 0. 3 T 263.5 0.0 ~63.5
2 150 Z ) 4 13810. 0.0 13810.
2 100 zZ 0 4 16350. 0.0 16350.
2 70 z 0 3 ' 18650. 0.0 18650.
C2 50 . Z 0 3 20780. 0.0 - 20780.



‘ Examp1e 21 Probable fifstrguess’errors.

STN ID: 70219 LAT: 60. 78 LON: 161.80 WEST TIME: 94/04/25/00

SCAN: 2 7 |
_ OBSERVATION INCREMENT - HYRES o VERTICAL  HORIZONTAL.
PRESSHEIGHT TEMP HEIGHT TEMP TEMP - TEMP TEMP
© 300 8860. -54.5 56.° 0.1 - - -1.3 0.1
4 SUREERT R - Lo R
250 10030. -48.7  52. 2.9 ' - 2.7 1.3
_ S - -4.6 : PO
200 11510. -46.3.- 63. 0.7 : -0.6 0.3
‘ SR . o ‘L9 o .
150 13430. -44.7 -81. 3.0 - . - _ 2.1 - 1.9
. , ~ S 0T - , :
100 16140. -43.7 118. 4.8 o 3.3 2.6
e f o 1.0 :
70 18520. -46.5 186. 5.8 . . 4.2 2.6
: L . v ‘ 0.0 o
50. 20760. -46.5 223. 3.9 . 2.6 2.8
DMA RESULTS o ~ , _ o
SCAN PRESS . VARIABLE IHSC DECISION OLD VALUE CORRECTION NEW VALUE
2. 50z 0 "3 .20760. 0.0 - 20760.



Table-1 CQCHT checks .

" Name

Applied to

Residual

Hydrostatic

Each layer between nelghbormg

"complete” mandatory surfaces.
i.e., surfaces with neither -
héight {z) nor temperature (T).
missing

Difference between the layer
thickness computed from heights:
of its boundaries and that ‘
hydrostatically computed from
their temperatures. Also appliéd in
terms of temperature

Layer between the station level

‘mandatory surfaces, if (and '~

where) the.forecast flrst guess
is not mxssmg :

Baseline / Difference between z, in station
N (z,) and lowest reported dictionary and z_ hydrostatically. -
mandatory surfaces computed from surface pressure p,’
‘ and heights z, and z, of lowest
reported surfaces. Also applled in
. terms of p, z,, and z,
Incremental | Reduced mean sea level Difference between the reported
o pressure, temperature and value (or reduced mean sea level
height of all mandatory pressure) and its first guess (called
surfaces, if (and where) the ‘ the mcrement)
forecast ﬂrst guess is not .
R missing . : : :
‘Horizontal - | Reduced mean $ea level leference between the increment
\ pressure, temperature and’ at the station and its value
height of all mandatory’ | interpolated from four (or fewer)
“surfaces; if (and where) the' surrounding stations situated,in . -
forecast flrst guess issnot- different quadrants :
. missing = .
“Vertical Temperature and height of all - »Difference.betw.eeh the increment

at the level and its value
interpolated from two surrounding
levels (or, for the first and the last
level, extrapolated from the - '
neighboring level)-




Table 2 C_oefffciehts AandB .

Layer (HPa) A (m) B {m/K)
1000-925 623.3 1141
925-850 . 676.1 ~.1.238
850-700 +1552.3 . 2.842°
700-500 2690.2 4.924
.. 500-400 17841 $3.266
400-300 . 2300.1 4210 -
- 300-250- 1457.7 2.668
250-200 1784.1 3.266 .
- 200-150 2300.1 42107
150-100 " 3241.8 - '5.934
100-70 2851.7- S 5.220
70-50 2690.2 . 4.924
50-30 4084.2 ~7.476
-~ 30-20. 3241.8 .5.934 - .
. 20-10 ... 10.145

55420

o Table 3 Admissible hydrosta

~ temperature, X.

" Layer {(HPa) .

tic résiduals in terms of height, s, and in terms of

X{K) .

100

s (m)

1000-925 35 30.7.
925-850 . 35 28.3
850-700 35 1233

700-500 .50 102 oy

© 500-400 357, 107 ‘ '
- 400-300" 40 © 9.5
300-250° |~ 35 13.1
250-200 40 123
200-150 50 119
150-100 85 . 14.3
100-70: 70 13.4
70-50 - 70 14.2
50-30 - 80 10.7
30-20. 70 11.8
20-10 - - 9.9

\



Table 4 Admissible resrduals of statlsncal checks for height (in m)
and temperature (in K) v

10

Table 5 Decision types..
' | Meaning

210

210

Decision

AW = O

-no error suspected
datum automatically corrected
datum.suspected, found correct
| datum questionable, riot corrected :
datum examined and found bad, not corrected
no decrsnon possuble

. HEIGHT . . TEMP
Pressure | Increment Horizontal = Vertical | Increment. Horizontal Vertical
1000 - | 160 120 120 22 17 17
925 160 . 120 120 18 17 ]7 .
850 - 120 - 90 70 14 15 17
700 120 .90 .. . 60 12 13 14
~ 500 130 130 70 . 11 10 11
400 160 150 80 11 11 11
300 180 180 . .90 12 12 11
250 190 190 90 13 12 12
- 200 o 210 210 90 - 15 12 15
150" ] 210 210 120 17 1¥ 16
100 - 210 210 180 17 14 17
70 210 210. 210 - 17 15 17
50 210 210 210 17 17 17
30 210 210 - 210 17 17 - 17
20 210 210 210 22 C22 . 22
210 22 22 22



Table 6

Types of hydrostatlcally suspected errors.

Type ’ Susprcron
T Commumcatlon m Z, (2< k <N-1
2 Commumcatlon in T (2<k<N-T) ’
| 3 Commumcatlon in T, and Zk (2 < k < N 1) ‘
4 . Commumcatlon inT, and/or Z,, or computation’ on -Z,
5.7 - Commumcatlon m T and/or Zy , '
6 Computation of Zpor -2, 2<k<N-2)
7 Com‘mun'ication, in Z,; and Z (2 é:k\ < N-2)
V 8 ' 'Comrhunication' inT,and T, (2 s k < N-2)
9 - Commumcatlon inZ, and Tk+] (2<k< N—_Z)
g 10 Commumcat|on in Tk and Zkﬂ (2 S k< N-é) '
11 7 Like Type 1, but small | ' _ | ‘
12 , Hyd‘rpstaticill/y‘propos'ed correctipn wduld‘lea-d to substantial -
: - 'super adlabatlc Iapse rate. k
1 37 " Data hole mcludlng 100 HPa. surface
14 Data hole not mcludmg 100 HPa surface:
22  Like Type 2, but small
.99 7 ’Hydrostatlcally proposed corre\c‘uons of Type 8, 9, or 10 wouid.

lead to substantial super~ad|abat|c lapse rate




- Table 7. Types of errors detected with the aid of baseline
and surface pressure checks

Type| Cause - - Correctlon
100 | Communication, inp, - | p, - o
101 | Communication,’inz, (T, |z
| ' missing). . S
102 | Not specified - ..~~~ |none
106 | Observation, inp, - | p, and all heights
116 | Computation, z; - | all heights

.

Tab!e- 8 Magnitude conditions for ob_s_:ervation'errors

For he|ght and temperature elther . ‘
1) Sum of quick recognition digits.(for helght or -
temperature increment, horizontal resrdual and
vertlcal residual) > 4, 01 :
2) At least 2 quick recognition dlgltS at th:s level:
and oné-adjacent level are non-zero. ‘

" For surface pressure
- Sum of quick recogmtlon dlgnts (for surface :
préssure increment and horizontal residual) =




' Table 9

i Comparrson between CHQC and CQCHT performance monthly
mean absolute numbers per main observational time averaged
~over 18 months JuIy 1992 - December 1993.

chac T CQCHT

: o ‘ . average std dev | average std dev
‘hydrostatic-  suspected | 67.9 10.9 67.9 .- 109
o o corrected © | 28.4 - 4.2 515 110
. baseline-- ~  suspected 5.6 1.4 7.6 1.7
, " corrected’ T e 50 07
' holes-- detected ~ | 102 - 48 | 102 48
[ ' . corrected |- - - 2.0 0.6
observation-- - e -l 479 5.9,
Table 10

Relative statistics (in percent) on the overall numbers of various
‘hydrostatic: suspicions.and.on-the DMA'decisions.for each suspicion type
The: statistics are averaged.over:3: randomWy se1ected months.. ..~

Hydr‘ostat'lc ' s -Decisions: -
suspicion | o a1 | - 1 2 3 4 5
type - . : . 8
1 ] 17.1 - 96.0 0.9 2.2 . 0.9 0.0
2 : 18.2 .| 86.5 4.6 . 5.8 3.1 0.0
3 17.2~ 55.7 0.0  22.6 8.5 13.2
4 9.0 72.9 13.0. . 9.9 4.2 0.0
5 - 20.2° 47.5 1.8 6.4 4.7 39.6
6 3.8 - 63.7 5.3 - 3.8 - 7.6 - 19.6
-7 1.9 59.9 - "14.6 - 19.4 . 5.4 0.7
8 1.2 | . 90.6 . 5.7 2.9 0.8 - 0.0~
.9 0.9 81.7  11.5 4.5 2.3 0.0
10 1.0 68.0 20.2 1.1 - 6.9.: 0.0
11 5.5 26.5 55,7 12.8 5.0 0.0
22 4.0 5. 25.9 - 25.2 5.4 0.0
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