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Abstract. The Basque Country Mesonet measures more than 130 000 observations daily from its 85 Auto-
matic Weather Stations (AWS). It becomes clear that automated software is an indispensable tool for quality
assurance (QA) of this mesoscale surface observing network. This work describes a set of experimental semi-
automatic quality control (QC) routines that is applied at Euskalmet data center. It has paid special attention to
level validation design and associated flags, as well as to the system outputs, which are used by meteorologist
and maintenance dta

1 Introduction 2 Overview of Mesonet QC processes

In 1991 the B M loaical Servi B G There are four components that integrate the QC system
n tbe as?]ued (Tteoro og|<f:a Aevogce ( asEus_ %Vihe Basque Country Mesonet (Maruri et al., 2010a): (i) labo
ernmgnt) egan the deployment of an network. Priority atory calibration, (ii) maintenance services, (iii) automated
was given to the real time observation of water surface IevetOutines and (iv) manual inspection. Each component prd

of thltle.rlvers. It |fs Qoteg th"’}t ro%dr:e;urr: p.erlgds. are ?ur']tevides valuable information on the operation of the network
small in most of the short length hydrologic basins of the , eir results are shared across the system to ensure the

Basque Country, especially those oriented to the Cantabriaguracy of the data. Components work téeiient timescales,
Sea. In some sense, that objective conditions its current der

s : ) rom the moment in which data is recorded to the analysis o
sign. Thus much of the stations are gauging or water qual—Olata quality over time (Table 1).
ity, located in valley bottoms, along the river beds (Fig. 1).

In the course of time the network was gaining a more gen-

eral purpose and was completed with other weather sensors. Validation levels

Nowadays the Mesonet has more than 85 AWS spread over

the Basque Country (just over 7000®ma quite high den-  The literature about QC methods of meteorological observa

sity network (Fig. 2) (Gaztelumendi et al., 2003). Its data aretions is very prolific. It is common to find in it a character-

ddy uo adsuaiajuo) ueadoin3 YiQT pue Bunssyy [enuuy SINT YITT

[<1)
(@)

0]0J0313|\ JO SuoIjeal|

used in a wide range of applications related to meteorologyistic sequence of validation procedures: range, step, internal,g
— nowcasting, climate, data assimilation, verification —, andpersistence and spatial. The success of the checks depends—

with many other fields — transportation, energy, insurancejargely on the thresholds used. In that sense, it is crucial tp
planning, education, etc. From the beginning it became necadapt them to the specific conditions of the region. In ou

vO4

essary to perform quality control tasks, both in real time andcase, much of the thresholds are based on those proposed|by=

on recorded data (Navazo et al., 1999; Maruri et al., 2003). the University of the Basque Country (Maruri et al., 2010a)
The context in which this work was carried out corre- the WMO guidelines (WMO, 2008) and other meteorologi-

sponds to the real time monitoring and nowcasting require-cal services such as the Oklahoma Mesonetworks (Shafer

ments in Euskalmet (Gaztelumendi et al., 2006). Thus, a seal., 2000; Fiebrich et al., 2010; Vejen et al., 2002).

of validation tests have been implemented that try to avoid According to Spanish normative (UNE-AENOR, 2004) re-

the inclusion of erroneous data coming from the Mesonet inlated to AWS networks, and other operational services, wi

the visualization system. Moreover, provides information of define six validation levels. Except the visual check, lev
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great use to the QA system. els are successively applied to the meteorological variablas
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Figure 1. Cumulative probability function: Digital Elevation Model and Mesonet sites.
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Figure 2. Basque Country location and Mesonet map.

(Table 2). The tests are usually generic, but some meteora3.2 Validation of the data according to limits (level 1)
logical variables require certain specifications. The following

briefly describe each of them (Table 3). Two types of checks are implemented: (i) sensor-based range

test ensures data are between range of sensor hardware spec-
ifications or theoretical limits; (ii) climate-based range test
ensures data are between certain flexible limits. Currently an
observation is compared with the climatological values cal-
This section verifies the correct decoding of the data. culated from representative stations and the expected stan-
dard deviation.

3.1 Validation of the structure of data recorded and the
measurement time (level 0)
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Table 1. Timescales of Q@A procedures used by the Basque Table 2. Meteors and applied levels.
Country Mesonet (based on Shafer et al., 2000).

Meteor Level 1 Level 2 Level3 Level4 Level5

Time interval  Aralisis technique Data Serie Spatial
Seconds Data checked at the Campbell dataldgger ng Zﬁiigon j 1 j 1 1 j
Minutes Missing data recovery Wind gust Y Y Y Y Y Y

Automated QEQA procedures Air temperature v v v X v v
Hours Visual inspection (data visualization Relative humidity v/ v v X v v

software and Q@A reports) Z:fg'rz';iﬂcr’: j X j 1 X j
Days Troublg tlcket§ issued to maintenance Solar radiation s v v N v v
Weeks Visual inspection of aggregate data

Missing data report * Based on clear sky model.
Months Supervised QQA procedures

Preventive or corrective maintenance
Year Sensor calibration 3.5 Validation of the spatial consistency of the data

Instrument updating (level 4)

(datalogger, sensors, etc.)

The test tries to validate the spatial consistency of both abso-
lute data and temporal changes. In the case of absolute data,
it performs a cross validation process. The idea lies in remoy
ing one datum at a time from the data set and re-estimating
In the case of solar radiation, the theoretical maximumthis value from remaining data using kriging algorithms. In-
value is given by the calculation of a clear sky model. Theterpolated and actual values are compared to the standard de-
limit is occasionally exceeded under partially covered skiesyviation of the spatial domain:
so the theoretical values are multiplied by a factor of 1.2.
Previously, we analyze the existence of noise into the signal.A Z (u) — Z(u,)

* This analysis is not yet operational due to the recent update of the dataloggers in
the Mesonet.

o

3.3 Validation of the temporal consistency (level 2) o ) ]
The observation is flagged when th&dience exceeds twice

At this level both the ConSiStency of the data and the ConSiSthe standard deviatiom(> 2) or when the error estimation is
tency of the series are analyzed. In the first case, the followgreater than a certain absolute value. The estimation meth-
ing checks are performed: (i) step test ensures data do n@ids used are ordinary kriging, kriging with external drift and
change more than certain limit in 10 min; (i) spike-dip test simple kriging with varying local means (Goovaerts, 1997;
ensures data do not successively increase and decrease (9&rmandez, 2001). The last two accounts for secondary infor-
vice versa) more than certain limit in 20 min. mation (terrain elevation, etc.) and they are preferably usegd

Regarding the second aspect, the persistence test ensur@sestimate the air temperature.
data Change more than certain value in a defined periOd of In the case of tempora| ChangeS, we perform a reanab_
time. At this point we do various specifications. For relative sjs of the values that have not passed the validation of the
humidity, we check if the hygrometers saturate above or betemporal consistency. The mechanism is the same as in the
low 100 %. For precipitation, we ensure that the rain gaugeprevious case, but using simple kriging. In this way we could

doeS not register h|gh I’ainfa” intensities overa period Of timere|ax the thresholds used in level 2. The assumption behind
questionable. is that when a notable temporal variation of a meteorologicd|l
variable happens in a given station, this should be reflected
3.4 Validation of the internal consistency of the data in the neighbourhood.
(level 3) Although the high density of the Mesonet is appropriatg

. , to carry out this type of spatial tests, the possible spatig
The system checks the gust factor, ie the ratio between thgnisotropy must be taken into account as far as possible.

I

X . . 2]

mean qu speed and maximum gust, which must excee_d here are several factors leading to strong gradients in the
pre_zdetermme_d _thr_eshold. We also have estab_hshed relatlor]iweteorological variables that influence theifeetiveness.
shlps for prec.|p_|tat|on, flaggm_g those observations that OCCUBRe is the existence of distinct climatic barriers. This is the
with low humidity or with a high percentage of solar radia- case of Cantabria Mountains, that delimit the comarca of Rir

tion on the clear sky model. oja Alavesa, located in the south of the Basque Country. Thi
represents an additional problem, because it is known that
kriging errors grow to the edges of the domain. Other factof
is the impact of unique meteorological phenomena: galerna,
strong temperature inversions, heat bursts, etc.

(2]
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Figure 3. This chart shows data from an AWS on a given day witffiedént types of errors in measurement sensors and what kind of test

would be capable of detecting them.

EE Gestion de Errores detectados

GESTION DE AVISOS DE ERRORES EN
ESTACIONES DE LA RED S.V.M.

: ﬁ“i Nuevo Error Detectado > -
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Figure 4. The alarm management software.

3.6 Visual check (level 5)

ES NUEVO AVISO DE ERROR POR MAL FUNCIONAKIENTO

Fecha: =l [i9j08/2011 10:07:18  Realizador del Avisc: [ ~ prioridac: [NORMAL -
Destinatarios: Modo: Wimero | drecodn:
e = ¥ [everss@mionateo.ccw 4
Inicio Error
via: w| [rajoerenin
Hora: i
DeQué:  [Fstadones ¥ Est/Rep: [Etands ¥ GOE7  Sensor: [Precpiacén v
OBSERVACIONES
Causa Probable: r3in averiado -
I ERROR PUNTUAL
Cancelar Acepar

times questions arise. For example, an anemometer stuck in
a situation of calms. The test designed to detect the problem

We cannot broach the visualization of all information is the persistence (level 4), but it is not trivial where to cut.
recorded by the Mesonet. Therefore, the time can be reduced The casuistry of errors in an AWS is very large. Show all
to the display of suspect data. At this level it is relatively of them here is beyond the scope of this paper. Figure 3 sum-

easy to decide whether the assigned flag is right,
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but somemarizes what happened on a particular day in a given station.
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Table 3. Validation levels.

Level Validation Name Test
0 Data structure - decoding
1 Limits sensgiclimate min < value< max
range
2 Temporal step (current-previous< step
consistency spike-dip (current-previoug& (current-next < step
persistence valyigoq > threshold
3 Internal variable relation varl o & var2 . & varN_ .
. condition condition condition
consistency
4 Spatial kriging ObsValugyys — EstValugejgn, < threshold
consistency (ObsValugyys — EstValugyggn) o < 2

(ObsTemporalChangg, . - EstTemporaIChandqjg.ghb)/cr <2

5 Visual - graphics visualization

We can see at glance the application dfetient types of test 5 Automated QC summary report
validation.

Subsequently, there is also an adjustment work, which hadhe automated QC produces a summary report daily tha
a great impact on the quality of database. For example, oncéompiles data incidences from the previous day. This repo
a step is detected in air temperature, is necessary to defirig accessible to the meteorologist on duty responsible for cay
dates that delimit the problem and calculate the magnituderying out the surveillance of the network, who determines
Other major Supervised adjustmentg try to correct recordgvhether further action is warranted. If so determined by the
coming from rain gauges and pyranometers not properly calineteorologist, it sends a new error message for a malfunctig
ibrated. Sometimes gauges underestimate the precipitatiofp maintenance services. This has an application designed f
due to relay failures. Therefore, their amounts are comparedhis purpose (Fig. 4).
and adjusted directly to the volume stored by the totalizer
system (collected approximately every month by mainte-g Conclusions
nance). With regard to solar radiation, it is hardly surprising
that the constant number of the pyranometer lead to bad dat&his paper presents very briefly the QC procedures currently
In this case, we reconstruct the series as best as we possiblised by Euskalmet. As a special contribution on this issue,
could, specifically, fitting the observed data to the theoreticalwe highlight the &orts made in the development of algo-

— =+

© >

values through a factor calculated in clear sky days. rithms for the analysis of spatial data consistency.
Despite the automation needs, it is important to note that
4 Flagging the quality of the data can not fall solely on the application

of automatic algorithms. The quality starts with a good locaf
It is noted that raw data are never altered, instead, all recordgon of each station. Subsequently, the information must flow
are coupled with quality flags that indicate the level of con- properly between the fierent components of the QQA
fidence assigned by the QC system. The flags are stored igystem. Among other things, this prevents errors are perpet-
a metadata field, composed of four bytes of control (Maruriuated over time.
et al., 2010b). Each byte deals with (i) origin of the data,
(ii) status of the data, (iii) validation levels, (iv) adjustments.

On the other hand, the adjusted data series are considered Agnowledgements. ~ The authors would like to thank the Emer-
new variables, so you must define new fields for them gencies and Meteorology Directorate-Interior Department-Basque
' : Government for public provision of data and operational servicd

Data are flagged as erroneous when sensor-based ran & nci .
d. All oth | | . | ch k? ancial support. We also would like to thank all our colleagues
test _are not passed. Ot ers levels (except visual chec rom EUSKALMET for their daily dfort in promoting valuable
qualify the data as suspicious. Also, results from temporalsgpices for the Basque community.

checks are combined with those coming from spatial tests.
Thus, if an observation is flagged by both tests data are congdited by: M. Brunet-India
sidered as a failure. Reviewed by: W. A. Monna and another anonymous referee

www.adv-sci-res.net/8/129/2012/ Adv. Sci. Res., 8, 129-134, 2012




134 R. Hernandez et al.: Quality control procedures at Euskalmet data center

Maruri, M., Lantabn, L., Vallejo, A., Romo, J. A., Serrano, M., and
L . o Manso, B.: The new data quality system in the hydrometeorolog-
@ 'It')h(-.t'hpult;hcatlon of'vtlhlts artl::le_ls Tp;onsotred ical network of the basque country, WMO Technical Conference
y the European Veteorological Society. on Meteorological and Environmental Instruments and Meth-
ods of Observation, Helsinki, Finland, 30 August-1 September

References 2010a.

Maruri, M., Romo, J. A., Manso, B., and Lanber, L.: Design of

Fiebrich, D. S., Morgan, C. R., McCombs, A. G., Hall, P. K., and  a core of metadata of the Basque Meteorological Service, WMO
McPeherson, R. A.: Quality assurance procedures for mesocale Technical Conference on Meteorological and Environmental In-
meteorological data, J. Atmos. Ocean. Tech., 27, 1565-1582, struments and Methods of Observation, Helsinki, Finland, 30
2010. August-1 September 2010b.

Gaztelumendi, S., Heamdez, R., and Otxoa de Alda, K.: Some as- Navazo, M., Maruri, M., Aranda, J. A., Gezuraga, X., Gard. A.,
pects on the operative use of the automatic stations network of Pérez, G., and Alonso, L.: Sep-up and real time quality control
the Basque Country, 3rd Int. Conf. on Experiences with Auto- of data from the automatic hydrometeorological network in the
matic Weather Stations, Torremolinos, Spain, February 2003. Basque Country, 2th Int. Conf. on Experiences with Automatic

Gaztelumendi, S., Otxoa de Alda, K., Gelpi, I. R., and fizgal.: An Weather Stations, Vienna, Austria, 1999.

Automatic Surveillance System for Severe Weather Real TimeShafer, M. A., Fiebrich, C. A., Arndt, D. S., Fredrickson, S. E., and
Control in Basque Country Area, 4th International Conf. on Ex-  Hughes, T. W.: Quality assurance procedures in the Oklahoma
periences with Automatic Weather Stations, Lisboa, Portugal, Mesonetwork, J. Atmos. Ocean. Tech., 17, 474—-494, 2000.

May 2006. UNE-AENOR 500540: Automatic weather stations networks:

Goovaerts, P.: Geostatistics for Natural Resources Evaluation, Ap- Guidance for the validation of the weather data from the station
plied Geostatistics Series, Oxford University Press, New York, networks, Real time validation, 2004.

483 pp., 1997. Vejen, F. (Ed), Jacobsson, C., Fredriksson, U., Moe, M., Andresen,
Herrandez, R.: Comparam de nétodos de kriging multivariante L., Hellsten, E., Rissanen, PaBdttir, T., and Arason, T.: Qual-

para la estimaéin espacial de la temperatura del aire, Estudios ity Control of Meteorological Observations, Automatic Meth-

Geogaficos, LXII, 243, 285-308, 2001. ods used in the Nordic Countries, Norwegian Met. Ing2082
Maruri, M., Navazo, M., Alonso, L., Gara, J. A., Gangoiti, G., KLIMA, 2002.

Matabuena, M., Iza, J., and Aranda, J. A.: Automatic validation WMO: Guide to Meteorological Instruments and Methods of Ob-
of data from AWS, The experience of Meteorological Basque servation, WMO-No. 8, 2008.

Service Network, 3rd Int. Conf. on Experiences with Automatic

Weather Stations, Torremolinos, Spain, February 2003.

Adv. Sci. Res., 8, 129-134, 2012 www.adv-sci-res.net/8/129/2012/



