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Outline
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• Overview: Data Quality Management and AQUAS

• Examples of quality control of

• wind speed data (10 min) (real-time)

• Global radiation and sunshine duration data (daily) (offline)

• Outlook



GeoSphere Austria – observational network
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~ 280 stations
• 206 semi-automated weather

stations – TAWES

• 60 full-automated weather
stations – VAMES (including 
aviation-meteorologically 
important sensors for visibility, 
weather phenomena and cloud 
conditions) 

• 12 third-party network stations

o global radiation

o wind (speed, gust, direction)

o air pressure

o rel. Humidity

o precipitation (amount + 
monitor)

o sunshine duration

o Temperature (2m; + 5cm; soil (3 
levels))

o dew point temperatureChallenging operational QC due to non-
uniform instrumentation across the
network:
• tipping bucket and weighing rain gauges
• sonic and cup anemometer
• different types of humidity sensors
• high-end and low-cost sensors (third-

party network) 
• different time resolution (1-, 10-, 15-min)
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• Quality control

• Quality assurance

• Development and maintenance of test procedures

• Storage of raw and quality-checked data

• Documentation of all data modifications (metadata)

Our tasks within the scope of the Data Quality Management:

AQUAS
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Data Quality Management at GeoSphere Austria
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Data 
acquisition

• Real-time processing of raw data

• basic QC (consistency tests, gross errors check, range
check (plausibility), climatological limits, etc.)

AQUAS
• Automated basic & extended QC of processed data in near real-time*

• Correction procedures

• Calculation of derived quantities (hourly, daily data)

• Meta data compilation

Data storage
& supply

• Storage of raw and processed data

• Data distribution to users

Comprehensive system for quality control and quality assurance

*) operational on daily bases



AQUAS – system structure
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AQUAS

Working database

publisher

producer/hive

input

AQUAS-Editor (GUI)inspector

DataTAWES + third-party 
networks

• data bases (QC)
• end-users

data base
(raw data)

Basic & extended QC tests:
• Consistency tests (internal, temporal, spatial)
• Cross-check against other data sources
• Statistical tests

• T approaching climatological extrem value; 
• Rapid change and spike test
• Temporal variability over a period of time 
• Spatial varaibility (RR_24h_sum, …)

…

• derived quantities
• aggregation data



AQUAS – Web editor
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Message to
technical
staff or
metadata

edit value (correction)

Load data history

Select reference group or
parameter

Interactive 
time series

Permanent 
station info

Current
info

show
other
data
sources
(radar, 
satellite, 
hydro-
data, …) 



AQUAS in action

Examples
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1. Real-time QC of 10-min wind speed data
(spike-test) 

2. Non-real-time QC of sunshine and global 
radiation daily data (linear regression)

Test-phase

Both check-routines run in a pre-operational 
mode



Example 1: Maximum wind speed - spike test
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TAWES-weather station Söll in Tirol

Dubious FFX-spikes occuring with 𝑑𝑑𝑥 ≅ 90°
(FFX … maximum wind speed during the last 10 minutes)



FFX – spike test
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all data

without
corrupted
data



∆𝐹𝐹𝑋

FFX 
threshold

FF 
threshold

Example of a wind speed spike-check (test phase)

• Calculate FFX-difference ∆ 𝐹𝐹𝑋 to previous time step

• If ∆ 𝐹𝐹𝑋 < 0 :

• If 𝐹𝐹𝑋 > 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 & 𝐹𝐹 < 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 *                 
then calculate the Coefficient of Variation (CV) 

from the last 30 min 

𝐶𝑉 =
𝜎𝐹𝐹𝑋

𝑚𝑒𝑎𝑛(𝐹𝐹𝑋)

• If CV exceeds a threshold (currently set by 0.7) the
observation is flagged as suspect and a message
appears in AQUAS web editor for manual inspection.
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FFX – spike test

*) empirical thresholds from our data

𝜎,𝑚𝑒𝑎𝑛 𝐹𝐹𝑋



Wind sensor change
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Time of the sensor change



FFX-spike with rain shower
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In the event of a rainstorm, 
the FFX-spike check will be
suspended and no warning
will be sent to the QC-staff.



FFX-spike 
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identical measurements?

Outliers?

Dubious wind speed spikes
during a period of calm
conditions
(large values of standard
deviation of wind direction)



Examples of wind checks in AQUAS
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test

Range of values check if values are within a 
range
manually check gusts  > 30 m/s

𝑓𝑓, 𝑓𝑓𝑎𝑚, 𝑓𝑓𝑥 ∈ 0, 100
𝑚

𝑠
𝑑𝑑, 𝑑𝑑𝑥 ∈ 0,360 °

vectorial vs. scalar wind speed comparison between vectorial
and scalar mean of wind speed

FAILED if: ffam-ff <0 or
ffam-ff > threshold

maximum (ffx) vs. mean (ff) 
wind speed

Check for gustiness intensity FAILED: ff > ffx or
FAILED: ffx > 19m/s and

ffx/ff >= threshold

Sample rate wind speed If N < 270 -> suspicious 
measurements

Time frame 30 minutes

Temporal variability check if values are changing 
more or  less than expected 
within a timeframe

Checks every 30 min

Wind speed spikes step check for dubious wind 
speed spikes

check if coefficient of variation
(moving window) exceeds a 

threshold

… … …
Work in progress



Example 2: sunshine and global radiation data

At the end of each day a test runs loading daily sums 
of sunshine duration and global radiation data of
the previous day.

Linear regression is calculated with lower and upper
prediction intervalls using all available stations. 

 Stations outside the 99%-predictions bounds are
identified as suspect.

 Another subset of stations which are influential
for linear regression regarding their Cook‘s
distance (cooks_D) are flagged as „potentially
suspect“
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Method

Cooks distance gives a comprehensive information about the
change of a regression model after removing a particular
observation.



Example: Non-real time check on the basis of daily data
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Daily sum of
global radiation ~ sunshine duration

Potentially influential stations: 
Cook‘s distance criterium: > 4 ∗ 𝑚𝑒𝑎𝑛(𝑎𝑙𝑙 𝐶𝑜𝑜𝑘′𝑠 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠)

Problem: Sunshine vs. Global radiation warning
was erroneously confirmed as valid by the staff.

No sunshine recorded



Global radiation vs. sunshine duration
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Impact of a dirty sensor on the daily global 
radiation – gradually increasing error

cumulative radiation sums



Example: impact of a levelling error on the sunshine duration
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St. Pölten appears as suspect on two
consecutive days.
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No sunshine registration during a 
certain period of the day. 

Inspection by the technical staff reveald
a levelling error (20° instead of 50°)

Example: impact of a levelling error on the sunshine duration



Requirements imposed on AQUAS

AQUAS
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• arbitrary time intervals

• parameter-wise processing

• arbitrary parameters and check-routines

• automated check in real-time

• flexible implementation of new stations or
stations from third-party networks

• Documentation of all manipulations of 
data for complete tracking of data changes

before AQUAS
• Processing data on daily basis

• Fixed time intervals: 1 or 10 minutes

• Station-wise processing

• fixed parameters

Conclusion
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benefits costs

Flexibility
• parameter- and site-specific check, 
• easy extension of the scope through adding

new stations or networks, …

enhanced configuration effort

near real-time operation limited availability of reference values at the
time of the analysis

• one single comprehended system
• consistence between input parameters and

derived products (from 1min up to monthly
data)

Sometimes compromise solutions are needed

Benefits and costs by implementing new system at GeoSphere



Outlook

Future attempts
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• Wind:

• Operational spike-test implementation

• Imputation of wind speed/direction data

• Dealing with dynamic thresholds

• Precipitation

• Detection of weighing rain gauge malfunctions
 spurious measurements

 missing rainfall observations when the weight increases and other sources detect rainfall (RRM, PWS))

• Rel. humidity

• Spatial check in regions of high station density (e.g. MA22-network)

• In general: determination of „natural neighbours“ based on statistical approaches



THANK YOU

Data Quality and Digitization
Niko Filipović
niko.filipovic@geosphere.at



AQUAS Monitor
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System monitoring tool for Data Quality staff to
see which checks are active.

Many different options implemented for work
management and monitoring of the system
performance


