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1. INTRODUCTION

In the NORDMET-project NORDKLIM: Nordic Co-Operation Within Cli-
mate Activities, there are two main tasks. Task 1 is dealing with Climate Data
and has four subtasks (1.1 Network design; 1.2 Quality control; 1.3 Operational
precpitation correction; 1.4 Long-term datasets). At a meeting in Oslo in January
1999, the NORDKLIM Advisory Commitee decided that highest priority within
Task 1 should be given to subtask 1.2 Quality Control (QC). All Nordic countries
have an urgent need for improved systems for controlling climate data and correct-
ing suspect values. The main aim in 1999 for Task 1.2 is according to the NORD-
KLIM project plans to work out a joint report on Nordic algorithms for QC of cli-
mate data, and suggestions for QC routines on real-time data ( incl. data from
Automattc Weather Stations).

As a result of the Task 1.2 group meeting in Helsinki, 22 - 23 April 1999, it
was decided that work should be divided into three main activities: Real-time qual-
ity control (QC1), A' Non-realtime" quality control (QCZ) and Human quality control
(HQOC). In order to stress the non-subjectlve or automatic character of the two
first modules, they are also refered to as AQCI and AQC2 (Rlssanen and Hellsten,
1999).

Every partrcrpatmg country w1thln the NORDKLIM pro;ect is expected to
write status summaries for each of the three quality control modules. DMI is
responsible for collecting Nordic information on AQC1, SMHI collects informa-
tion on AQC2 and DNMI collects information on HQC. Deadline for contributing
information on each of the modules is 1st of October 1999.

This document demonstrates the ‘quality assurance methods used with the
VINDREG system for storing and manipulating digital wind observations at
DNMI. The VINDREG observations are non-realtime data, but the quality control
is nevertheless structured in AQC1, AQC2 and HQC components distinguishing
between two levels of automatic quality control and one level of human quality
control.

The report starts with a general description of how the AQC1, AQC2 and
HQC subsystems are represented within the VINDREG system. It then goes on to

-describe the AQC1 subsystem and how observations are initially inserted into the

XVIND database. The HQC system is then described, and finally we have a
description of the AQC2. An additional d1scusswn and conclusion is left for the
final section.
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- 2 THE NORDKLIM QUALITY CONTROL MAIN STRUCTURE

The quahty control system for the VINDREG observations can be viewed as
to be consrstmg of three major quality control modules as illustrated in the figure
below. This is the NORDKLIM 1.2 des1gn descrlbed in the report by Rissanen
and Hellsten (1999).

Data collection system

unmodified pbservations

Auto Q-control 1

flagking 4

meteorological
products

XVIND climate database

- modified opservations

ottt oo kil

As unmodlﬁed observatlons are 1nserted into the KLIBAS database system

(XVIND) they are checked and modrﬁed by an automatic quahty control (AQC1),
" and as soon as the observations are stored they may be used for producing various

meteorologlcal products such as wind statistics and overviews.
On the next level, another automatlc quahty control (AQC2) furns into action

:by checklng and- _mampulatmg observatlons according to more advanced tech-

niques. The AQC2 system is monitored by a subjective quality control (HQC).
Problems in the data set may cause iterated loops between AQC2 and HQC.

e

2.1. Automatlc Quality Control 1 (AQCl)
When floppy disks arrive at DNMI, the content of each floppy disk is copled

~to a direcory on the KLIBAS database computer GALE. A computer program

VIND_REG checks this d1rectory every hour, and if a new file is found, data is
quallty checked modified and 1nserted into the XVIND datatable.

- The program produces statistics that are used for performance monitoring and
system maintenance. Certain types of data errors are reported manually by the
system monitor to the QC operator. The quality control performed by the
VIND_REG program is mostly format checks, filtering off values that will not fit
into the XVIND datatable. :
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2.2. Human Quality Controel (HQC)

" Before the AQC1 routines turn completely automatic, some manual supervi-
sion and quality ‘monitoring is needed, but the main effort of subjectwe quallty
control should be used for processing data at the AQC2 level.

The main task of the QC operator is to run the VINDDEK quality control pro-
gram. This program has been designed for identifying missing values and
extremes. Any correction of data will have to be done on the original files, which
will then automatically reload into the system.

2.3. Automatic Quality Control 2 (AQC2)

A first prototype of a program VIND_KONTR, specially désigned for run-
-ning VINDDEK and other quality control programs as a part of an automatic sys—_
tem, has been constructed, but does not include any system calls yet.
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- 3 DATA COLLECTION AND FIRST LEVEL AUTOMATIC Q CONTROL

As ﬂoppy dlSkS amve in the. beglnmng of every month they are copxed to the
tmp dlrectory ~kabase/vmdreg Every one hour thlS drrectory is- checked by the
VIND_REG program and any new file on the dxrectory is loaded into the KLIBAS
database tables Status from the VIND_REG program is stored on the vmd _regitxt
file. '

In order to check that the data cover is under control and that the data collect-
ing routine is working, the program VINDDEK is run manually as the observa-
tions are being stored. An automatic routine, VIND_KONTR, is also bemg run

“once a day and consists presently of an automatic run of the VINDDEK program.
- Results are supposed to be updated on a daily basis to a vind_kontr.txt file.

~ PC iliterfaoe B
" floppy disk-input

| “Kabasetvindreg | 22229 | VIND REG - | . vind.reguxt
KLIBAS Tprday | yIND_KONTR | vind_kontrixt
" VINDDEK

The first version of the VIND_REG program was put in operative use at
DNMI on July 12th 1998. The present version 1.3 was released April 7th 1999. A
technical descrlptlon of the present system and how it has developed is g1ven by
@gland (1999d) :

In June 1999 the runtime for VIND REG for the 45 available stations was 61
' ,seconds on the average with a standard deviation of 30 seconds. The longest time
- of execution was 180 second. Since the program was first run in April 1998, the
. average ‘has been between 4 seconds and 45 seconds with a standard deviation
ranging from 9 to 90 seconds. There may be a slight tendency of the program
using a little more time for each run on the average for each month as the XVIND
table is growing. H

VIND_REG is not an unproblematic program as it has been breaking down

and has been in need of maintenance every now and then. Most of the problems
have been due to format problems on the files, and the revised versions of
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VIND_REG have grown more flexible as each such problem has been handled.

More mformauon technical information on VIND_REG may be found in the

KLIBAS-report mentloned above.

’ 3.1 The wind parametres

In Stenberg (1996) the definition of parametres and file format is given. The
file consists of eleven columns with the following content:

DATE:
TIME:

FG:
DG:

KLFG:

FX:
DX:

KLEX:
. wind direction FF
" max 10 min. gust of the hour (m/s)

- DD:-

- FGI0:

mmddhh (month/day/hour)
mmss (minute/second)

max gust of the hour (m/s)
wind direction FG '

- time of observation for FG o
o :max 10 min. average wind speed of the hour (m/s)
‘wind direction FX

time of observation for FX
instant 10 min. average wind speed (m/s)
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3.2 The AERO statmns
Accordmg to the HQC checkhsts for May 1999 there are 65 potenual AERO

' statlons reportmg d1g1tal wind observatlons

" One of the features of the VIND_REG program is to produce an updated file
of data cover for these stations for the past 6 months. The list below shows data .
cover for relevant months ultimo June 1999. The first May file was received on
the 7th of June, the last on the 25th. The list consists of 55 measuring sites, 43 of
these reporting data. There may be several Observation units at a given station.

The main observatlon site is given the code "H’, while alternative sites are coded
,R',V
: Stanon . S : "Oct98  Nov98  Dec98  Jan99 Feb99  Mar99 Apr99
04780 GARDERMOEN (H) o : - - - - - - -
"+ 17150 RYGGE (H) e © 1000% 1000% 1000% 1000%  66.1%  999% 100.0%
19400 FORNEBU (H) K . - - - - . -
23410 FAGERNES LUFTHAVN (H) . - - - Ce - - -
23420 FAGERNES’(H) S ©999% 100.0% 1000% 993%  997% 1000%  97.5%
27470 TORP.(H) .+ . - e S 340%  999%  99.5% . S5.1%  924%  7.7% -
“30420 GEITERYGGEN(H) -~ - .~ 7. . - 903% 765% = 987% 926%  929% 997%  96.5%
39040 KJIEVIK (H) - = T T - - . - -
-'4214OLISTAFLYSTASJON(H) B - - - 497% . 97.6% 1000%  99.2%
44560SOLAD) ~ . .~ . 640% - - - - - 213% 100.0%
44640 STAVANGER () ~ - "= * "~ - - - - - -
. 47260 HAUGESUND LUFTHAVN (H) 7 1000%  14%  985%  1000%  1000%  100.0% 100.0%
55700 SOGNDAL LUFTHAVN (H) © - 843% 1000% 100.0% 87.5%  923%  999% 91.1%
55701 SOGNDAL LH - STOREHAUGFJELLET (H) :100.0% 1000%  472% - - - -
57000 FGRDE LUFTHAVN/BRINGELAND (H) . 981%  933%° 93.0% 653% 96.6% 980%  96.8%
57710 FLOR@ LUFTHAVN (H) .~ : - 962% ' 1000% 1000% 100.0% 1000%  99.7%  99.0%
58100 SANDANE LUFTHAVN (H) 974% 1000%  99.2% . 992% 100.0%  99.1% 100.0%
59680 BRSTA - VOLDA LUFTHAVN (H) . 950% 999%  950% 1000% 100.0% 1000% 100.0%
59681 PRSTA-VOLDA LUFTHAVN HELGEHORN (H) - - - - - - - 96.8%
60990 VIGRA (H) ' 95.8% 100.0% 100.0% 1000%  999% 100.0% 100.0%
62270 MOLDE LUFTHAVN (H) - - - - - 81% 100.0%
62480 ONA II (H) 983% 979% 997% 985%  994% 100.0% 100.0%
64330 KRISTIANSUND LUFTHAVN (H) 1000% 1000%  96.4%  997%  969% 100.0% 100.0%
69100 VZERNES (H) ©997%  1000%  999% 1000%  999%  997% 100.0%
71550 GRLAND III (H) ' 1000% 1000% 1000% 100.0%  999% 1000% 100.0%
72580 NAMSOS LUFTHAVN (H) - 382% 984% 89.0% 994% 978%  87.1%
75220 RORVIK LUFTHAVN (H) : . 1000% 100.0%  97.8% 100.0%  229%  887% 100.0%
- 76330 BRONN@YSUND LUFTHAVN (H) , . 85% - - . - - - -
76750 SANDNESSJ@EN LUFTHAVN / STOKKE (H) 1000% 1000%  99.9% 1000% 1000% 100.0%  99.9%
77230 MOSIGEN LUFTHAVN (H) : - - 470% 1000%  28% - -
79600 MO I RANA LUFTHAVN (H) . 754%  989% - 100.0%  902%  90.0% - 89.7% - 922%
82290 BOD® VI(H) ' : 99.9%  999%  99.1% 1000%  99.9% . 100.0% 100.0%
84700 NARVIK LUFTHAVN (H) 100.0%  542%.  962%  625% 93.5%  899%  792%
85890 RGST LUFTHAVN (H) : " 999%  892% 100.0% 100.0% 100.0%  99.1%  96.8%
86500 SORTLAND (H) ’ © 996% 1000%  669%  995%  97.0% 1000%  822%
87110 ANDGYA (H) 999% 1000%  98.8% 1000% 1000% 1000%  99.7%
89350 BARDUFOSS (H) T 1000%  997% 1000% 1000% 1000%  99.9% 100.0%
- 90450 TROMS®@ (H) 99.9% 100.0% 100.0% 100.0% 100.0% 1000%  99.9%
90490 TROMS® - LANGNES (H) 100.0% 1000%  99.3% 100.0% 1000% 1000% 100.0%
90490 TROMS® - LANGNES (R1) - - - - - -
90491 TROMS® LH - STORKI@LEN (H) ‘ 100.0% 100.0% 100.0% 1000%  100.0% 11%  708%

91740 SGRKJOSEN LUFTHAVN (H) - - 562% 96.8% 98.5% 98.0% IOQ.O%

May99

100.0%

100.0%

100.0%
99.2%
99.7%

100.0%
100.0%

31.0%
100.0%
100.0%

96.0%

17.9%
100.0%
100.0%

98.1%
100.0%
100.0%

94.6%

98.7%
100.0%

100.0%

7.7%
100.0%
89.1%
86.3%
99.9%
100.0%
99.9%
99.1%
100.0%

99.5%



- 94280 HAMMERFEST LUFTHAVN (H)
94281 HAMMERFEST LH - BOAZUVARRI (H)
94500 FRUHOLMEN FYR (H)

95350 BANAK (H)

96310 MEHAMN LUFTHAVN (H)

98090 BERLEVAG LUFTHAVN (H)

98580 VARD@ LUFTHAVN (H)

98790 VADS® LUFTHAVN (H)

99370 KIRKENES LUFTHAVN (H)

99760 SVEAGRUVA (H)

99840 SVALBARD LUFTHAVN (H)

99841 SVALBARD LH - PLATABERGET (H)
99999 TESTSTASION (H)
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33.9%
32.8%
6.7%
100.0%
97.8%

| 99.7%

95.8%
95.0%
95.4%
100.0%
99.9%

98.1%
2.2%
96.5%
100.0%
97.9%
95.4%
65.0%
82.5%
95.0%
100.0%
100.0%
100.0%

96.9%
93.8%
99.7%

100.0%

100.0%
56.9%

100.0%
91.8%
99.1%

100.0%
95.4%
95.3%

90.3%
89.9%

96.9% -

100.0%

100.0%

17.6%
79.7%
99.7%
29.7%
53.2%
91.4%

88.1%
99.7%
100.0%
99.9%

100.0% -
66.4%

94.3%
99.0%

99.7%
92.3%

98.0%
94.1%
99.9%
100.0%

99.9% .

96.2%

99.1%

99.1%

99.9%
99.7%

81.8%
99.4%

©2.5%
. 99.9%
99.9%

97.5%

95.3%
95.1%

99.6%
90.4%

100.0%
97.8%
100.0%
100.0%
99.9%
78.4%

50.0%

100.0%
. 98.5%
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3.3. Automatlc checks and datamampulatlons

In the VIND REG program there are two main sets of modlﬁcatrons done in
order to prepare the data set. The first set of modrﬁcatrons are the corrections that
were a part of the ongrnal specifications for the program (Andresen, 1997). The
second set of modifications are the format checks that are needed in order to insert
data into the XVIND data table (V1da1 1998)

3.3.1. 'Quality ﬂags |
~ The XVIND table contains two quality flags, FLBRUDD indicating different
types of fractures in the time series and FLRETT indicating if the observations are
A ,modrﬁed or not and the type of modrﬁcatlon

A fracture is an incoming. observation that is reported ata non-full hour. A
‘datastructure srrmlar to the tables below is used for temporary storage of time of
'mcomlng data in order to ﬂag observatrons on a later stage. The observations are
to be ﬂagged '

FLBRUDD : L Measure taken by one hour 1nterva1 as expected

——-—-— 1 -~ 'One and only one fracture during last sixty minutes.

_— 2 _'Two or more fractures during last sixty minutes.

— 3 More than one hour since last 00:00 UTC registration.

== .4 . No registration at this hour, observation construced from
- previous observations during last sixty minutes.

FLRETT == NULL No manipulation / original observation.
= 1  Observation corrected.
== 2 Observation interpolated.

3.3.2. Algorlthms for datamampulatron

1. If observations are arriving regularily by the hour, FLBRUDD 1s assrgned the
value ’0’. FLRETT is left unassigned.

2. If an observation arrives between two regular hours, the following procedure
is used: The greatest of FX and FG during the last hour, with corresponding :
DG, DX, KLG and KLX replace the value of relevant hour. FLBRUDD is
-assigned the value ’1’ or ’2’.

3. If consecutive hourly values are missing, the following procedure is used:
Maximum of FX and FG since the last full hour, with corresponding DG, DX,
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" FLFG and FLFX are used for replacement.

'FLBRUDD is assigned the value *3’.

FF, DD are kept i_ntact.

4. If the full hour value is missing, but registrations of other observatlons within’
the same hour are present, the full hour value is constructed. The last ten

minutes value is blanked out. FLBRUDD is ass1gned the value ’4’.

5. If there are two full hour observations with equal date and time, the last one

on file is used.

6. If the last observation on file is not a full hour observation, this roW is used as

the first row on the next file unless the next file overlaps.

3.3.3. Format che'ck

The list below is the complete list of constramts used for deﬁmng the XVIND
table. The violation of the rules F9 to F.15 w1ll result in the variable being
removed and thus allowmg for the rest of the row to be inserted into the table Ifa
, value is removed the FLRETT flag is assigned the value 1°. The tests below are
strict format tests acceptmg wmd speeds far beyond what would be normally con-

s1dered reasonable in most s1tuatlons

- Stnr e ST " INFO
1900 < aar <2100
" 1 émnd <12
- 1<dag <31
0 < tim <23

1 < minutt <60

rhtype ='H’ or rhtype ='R’

1<rhnr<5

—1<dd <360
-1<dx £360
-1 <dg <360
0< <200

0<fx <200

0<fg <200
0<fg10<200

(1)

(F.2)
(F3)
(F.4)
(ES)
(E.6)
(E7)
(F8)
(F9)
(F.10)
(E11)
(F.12)

" (F13)

(F.14)
(E.15)
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0<florudd <4

lgﬂmﬁSZ“'

. ;k(‘_F.16')

Em



‘4. HUMAN QUALITY CONTROL

* 4.1. The VINDREG processing ’routine

" lems as it is run for each station one month at a time (@gland, 1998).

5.

The non-automatic part of the VINDREG data processrng routine is glven in
KJensh (1998). This document contains a four-step procedure for storing data in
the KLIBAS database, checking the quality of the input, and directives in case the
quality is not acceptable. There are presently no guidelines for manual correctron |
or mterpolatron of observations.

1. The Personal Computer is prepared in order to copy content of the floppy disk
‘. to the KLIBAS database server. - »

2. 'The ﬁles on the database server are to be given names accordmg to certain
3 rules whrch will then make it possrble for the VIND REG program to 1den-
- tify the correct observatron srtes and dates :

- 3 ~ The dataﬁle is copied. -

4. Quahty control by use of the computer program VINDDEK is performed If ‘
' amassive amount of data i is mrssmg, the AERO statron is contacted and anew

o ﬂoppy dlSk is ordered if possrble

-The sequence 1-4 should be completed for all AERO stations before the 6th

of every month Old floppy disks are stored in a fire proof container.

4.2. The VINDDEK quality control

The program has been constructed in order to focus on three types of prob— |

1L '_ Missing values. The total number of observations registered pr day-is printed,

together with the total number of DD and FF. Normally we would expect 24
- observations each day

2. Extremes. The maximum and minimum of the day for DD and FF are printed

columnswise.

along with the number of DD greater than 360, the number of FF less than 0.0

|
3. Tolerance levels. The number of DD less than 0 during month is printed, ‘
m/s and the number of FF greater than 30.0 m/s.
l
|
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The person in charge of quahty control 1s expected to make a subjectlve eval-

'uatlon ‘of each station for each month and report to the observation sites if severe

errors are found as commented at the end of the final pornt of the VINDREG pro- :

' vcedure 1in section 4.1.

4. 3 HQC mterface with other QC routines

Presently the VINDREG data (XVIND) serve mostly as 1nput for the ALV
data processing routine, i.e. processing of weather data (Dgland et al, 1993). A
documentation of how this routine is currently operating, including its interface
with other routines such as the VINDREG routine, has been defined as an interal

: ‘prOJect at the Climatology D1v1sron (Aune 1999), descrlptlon and specification
: currently under elaboration (Andresen 1999)

As quality control of the AERO stations may be integrated with chmate data'

- at large, areal checks and computation of geostrophical wind may become central
" parts of the quahty control system - - '
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5 SECOND LEVEL AUTOMATIC QUALITY CONTROL

" In th1s sectron the NORDKLIM concept of AQC2 is given a shghtly broader
-meaning within the VINDREG routine in order to link aspects of quality control
with quality management, as w1ll be explained below '

5.1. The VIND_KONTR process monitor

A program called VIND_KONTR has been constructed in order to run all the
AQC2 programs deﬁnedvfor the VINDREG routine. The program was defined in
October 1998 and has been running continuously since then with the aim of pro-
- ducing prot:ess statistics (SPC) of the kind that is used for monitoring the TELE

‘and ALV routines (ggland 1999b; 1999c) There are still vital algonthms lackmg
in‘the program however before this is achieved. :

- The current purpose of the VIND_KONTR program is to run the VINDDEK

program for each station for the last month were HQC is expected to be com-
- pleted, ie. checkmg all statrons of the prevrous month on the 6th of the current
v month and onwards

o By do1ng this, problems such as ﬂoppy dlSkS arriving late or d1sks containing
o f"'bad data. wrll be subject to objectlve analys1s in terms of problems bemg identified
- and counted on a daily ba31s ‘The sum of problems may then be plotted against a

S -tlme ax1s and 1f the number of problems per station is kept in track, statlons may _

. be sorted accordmg to thls metnc

A sortmg of stations based on empmcal data like this has proved very useful
for other types of data within the KLIBAS system. In fact the development of the
KLIBAS system in itself is managed by a similar count of problems associated
~ with each computer program, defining the order in which they should be main-
‘tained and corrected (leand, l999d).

S S2 Total Quahty Management
' ‘Completing the VIND_KONTR program must be considered essential for

putting the VINDREG routine under statistical control and a prequisite for devel-

“oping more advanced types of AQC2 in order to automatically alter observations
~ in the XVIND data table. -

More than being a part of the quallty control the priciple of VIND KONTR
is based on the DNMI interpretation of Total Quality Management (Haglund,
1996) in the sense that the purpose of the program is to identify problems in the
current state of the VINDREG routine and give an objective decision aid on how
to improve the process.
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6. DISCUSSION AND CONCLUSION

" All the NORDKLIM QC components AQCl AQC2 and HQC are present in » |
the VINDREG routme but the system is presently only on the. stage of a prelimi-
nary prototype system Especrally the AQC2 and HQC components ‘leave a lot to
be desired. _

~ The most natural way for further development of the system seems _to consist
of first performing an analjsis‘ of what kind improvements are needed in the HQC.
These should then be designed, implemented and tested, and as the HQC becomes

- more and more formalised with less and less variation, parts of the HQC should be
left to the AQC2. :

- From a more practlcal point of vrew, what should be done is to 1dent1fy the
parts of the routine that is caus1ng the greatest problems today in the context of the

" total weather data processing at DNMI/Klima and then adjust the VINDREG rou-
tine in order to accomodate lack of features and current faults. In this way the rou-
ftme should 1mprove stepw1se over tune into a fully automated and selfcontamed

The main conclus1ons in respect of the NORDKLIM pro_lect are the three sec- |

- trons respectlvely devoted to the modules AQCl AQC2 and HQC These are writ-

ten as input to. the’ NORDKLIM Task 1.2 activities that are supposed to give a

complete Nordic survey for each of the tasks which will ﬁnally add up to.a total

descnptxon of the NOI'dlC qual1ty control systems
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