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Data quality control

Data quality control

The process of ensuring that errors in the data are detected and �agged.
It involves checking the data to assess representativeness in time, space
and internal consistency, and �agging any potential errors or
inconsistencies.

The purpose of quality control is to ensure that meteorological and

climate data available to potential users are su�ciently reliable to
be used with con�dence. Quality control is therefore part of the overall
data quality assessment.
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Data quality control

Data quality assurance

It refers to the processes for maintaining a desired level of quality in a
dataset or collection. Data veri�cation, quality control and validation are
important steps in supporting defensible products and decisions. Data
quality assurance is required across the whole data life cycle and

should also include ensuring e�ective transmission and secure

management of the data.

Any available details about the exact techniques applied will be a great
help for the future data user if provided, as well as information on the
data that fail the tests and the period which the tests have been run for.
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Types of error

Metadata errors often manifest themselves as data errors. For
example, an incorrect station identi�er may mean that data from one
location apparently came from another; an incorrect date stamp may
mean the data appear to have been observed at a di�erent time.

Data errors arise primarily as a result of instrumental, observer,
data transmission, key entry and data validation process errors,
as well as changing data formats and data summarization problems.
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Types of Data Quality Control Tests

Format tests : Checks should be made for repeated observations or
impossible dates, etc.

Completeness tests : For some elements, missing data are much
more critical than for others. Total monthly rainfall amounts may
also be strongly compromised by a few days of missing data,
particularly when a rain event occurred during the missing period.

Consistency tests : The four primary types of consistency checks
are internal, temporal, spatial and summarization.

Tolerance tests : set upper or lower limits to the possible values of
a climatological element (such as wind direction, cloud cover, and
past and present weather)
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Internal consistency tests

Internal consistency relies on the physical relationships among
climatological elements. All elements should be thoroughly veri�ed
against any associated elements within each observation.

psychrometric data should be checked to ensure that the reported
dry bulb temperature equals or exceeds the reported wet bulb
temperature

the relationship between visibility and present weather should be
checked for adherence to standard observation practices.

a maximum value must be equal to or higher than a minimum value.

sunshine duration is limited by the duration of the day

global radiation cannot be greater than the irradiance at the top of
the atmosphere

wind direction must be between 0◦and 360◦

precipitation cannot be negative
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Temporal consistency tests

Temporal consistency tests the variation of an element in time. This
change usually depends on the element, season, location and time lag
between two successive observations.

A temperature drop of 10◦C within one hour may be suspect, but
could be quite realistic if associated with the passage of a cold front
or onset of a sea breeze.

A lack of change could indicate an error. For example, a series of
identical wind speeds may indicate a problem with the anemometer.
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Spatial consistency and Summarization tests

Spatial consistency

It compares each observation with observations taken at the same time
at other stations in the area.

Summarization tests

By comparing di�erent summaries of data, errors in individual values or
in each summary can be detected.

For example, the sums and means of daily values can be calculated for
various periods such as weeks, months or years. Checking that the total
of the twelve monthly reported sums equals the sum of the individual
daily values for a year provides a quick and simple cross-check for an
accumulation element like rainfall.
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RClimdex and EXTRAQC
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EXTRAQC

The EXTRAQC routines are a set of R-coded functions for quality
control. They have been integrated by Enric Aguilar et Marc Prohom
(Spain) into the widely used ETCCDI's software R-Climdex.

EXTRAQC routines focus mainly on temperature data and include the
following tests:

Duplicate dates control

Rounding problems evaluation

Out of range values, based on �xed threshold values

Outliers, based on Interquartile Range exceedance

Interdiurnal di�erences based on �xed threshold values

Coherence between maximum and minimum temperatures (Tmax >
Tmin)

Consecutive equal values control
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EXTRAQC
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EXTRAQC : Example
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EXTRAQC : Example
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EXTRAQC : Example
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EXTRAQC : Example

It looks at rounding problems by plotting the values after the decimal
point. It shows how frequently each of the 10 possible values (.0 to .9)
appears. It is expected that all the values are well represented.
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Backgournd on Homogeneity

Climate data can provide a great deal of information about the
atmospheric environment that impacts almost all aspects of human
endeavour. Climate analysis relies on long time series. If we want to
assess if a such or such place has warmed or become wetter, we need to
examine 50, 60, ... 100 years of data. However, for these and other
long-term climate analyses to be accurate, the climate data used must be
as homogeneous as possible.

A homogeneous climate time series is de�ned as one where variations
are caused only by variations in climate.



26/41

Backgournd on Homogeneity

Unfortunately, most long-term climatological time series have been

a�ected by a number of non-climatic factors that make these data
unrepresentative of the actual climate variation occurring over time.

These factors include changes in:

instruments,

observing practices,

station locations,

formulae used to calculate means,

station environment.
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Backgournd on Homogeneity

Some changes cause sharp discontinuities while other changes,
particularly change in the environment around the station, can cause
gradual biases in the data. All of these inhomogeneities can bias a time
series and lead to misinterpretations of the studied climate. It is
important, therefore, to remove the inhomogeneities or at least

determine the possible error they may cause.

Homogenization

The technique of making time series homogeneous, by application of
scienti�cally sound statistical methods to remove the e�ects of arti�cial
biases, such as those caused by changes in observational practices,
instrumentation, siting, and the like.
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Backgournd on Homogeneity

Temporal homogeneity of a climate record is essential in climatological
research, particularly when data are used to validate climate models, or
to assess climate change and its associated environmental and
socio-economics impacts. Therefore, it would be essential to report

whether any kind of homogeneity testing has been applied to the

data.

Which elements have been tested for homogeneity

During which periods

On which time scale (daily, monthly, seasonally or yearly)

Number of inhomogeneities found in each single time-series
inhomogeneities, one, two, three inhomogeneities and so on).

etc.
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Backgournd on Homogeneity

When assessing the homogeneity of the series we try to identify using
statistical techniques and metadata where the heterogeneity of the series
has been broken and we attempt to adjust the e�ect o these ruptures, to
improve the quality of our climate inference.
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Homogeneity assessment for climate data

It is almost impossible to be 100% sure about the quality of past data, a
homogeneity assessment is always recommended. There is not one single
best technique to be recommended. However, the four steps listed below
are commonly followed:

1. Metadata Analysis and Quality Control

even in the presence of the most carefully documented metadata, it is
advisable to compare what the station history says and what data
analysis identi�es, as a sort of double check.
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Homogeneity assessment for climate data

2. Creation of a reference time series

use relative homogenization, i.e., we compare time series with well
correlated neighbours.

This comparison can be done as pairwise comparisons, averages of
several stations or more sophisticated methods, such as PCAs

3. Breakpoint detection

The idea is to create di�erences (temperature) or ratios
(precipitation) of a candidate series (the one we want to
homogenize) towards a reference

The candidate and the reference share the same climate so the odd
features of the candidate minus reference are not due to the
evolution of climate
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Homogeneity assessment for climate data
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Homogeneity assessment for climate data

4. Data adjustment

Once the breakpoint identi�cation is �nished, the next step is to
decide which breakpoints are going to be accepted as real
inhomogeneities.

Data adjustment is the correction applied to data to improve their
homogeneity and to make all the observation comparable to the last
available data.

It is always recommended to correct the data to match the
conditions of its most recent homogeneous section.
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Homogeneity assessment for climate data
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Homogenization software
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Homogenization software
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Homogenization software
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Homogenization software
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RHtests V4 software
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THANK YOU

Driss BARI

bari.driss@gmail.com
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