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ABSTRACT: Originally developed to fulfill the needs of applications consuming meteorological data, the
Open Source MeteolO library offers many valuable features for operational systems. It has been from the
very start developed with a focus on robustness and efficiency for applications that must run unattended. Its
use has been expanded to cover a wide variety of operational tasks from monitoring to data standardization
to data hub and from time series at single locations to time series of gridded data. It is now used by several

operational services as well as several companies.
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1. INTRODUCTION

1.1. Context

The key issues for the users of meteorological data
are 1) the vast diversity of data formats, 2) the ne-
cessity to correct the data for all kind of known mea-
surement errors, 3) the variety of sampling rates and
the mismatch between the measured sampling rate
and the application’s sampling rate of choice. This
leads to the very time consuming task of preparing
the data for the foreseen usage'. The MeteolO li-
brary (Bavay and Egger. (2014)) was iniated in
2008 to address these issues both in a research
context (where flexibility and traceability are keys)
and in an operational context (where robustness
and performance are keys). As an Open Source
C++ library, it can easily be integrated into other ap-
plications, such as numerical models, dashboards
or simple data converters.

1.2. MeteolO’s principle of operation

MeteolO goes through several steps for preparing
the data (Fig. 1), aiming to offer within a single pack-
age all the tools that are required to bring raw data
to a data consumer: first, the data is read by one
of the more than twenty available plugins, match-
ing that many different formats or protocols (such
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" Conventional wisdom suggest that data preparation takes
about 60 to 80% of the time involved in data mining exercise,
Jermyn et al. (1999)
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Figure 1: MeteolO general processing work flow

as CSV files, NetCDF files, databases or web ser-
vices). Then some basic data editing can be per-
formed (such as removing sensors that are known
to be faulty, merging stations that are next to each
other and would benefit from being combined, re-
naming sensors). The data can then be filtered,
by applying a stack of user-selected generic filters.
These filters can either remove invalid data (such
as despiking, low or high pass filters, removing pre-
cipitation data from unheated rain gauges in win-
ter) or correct the data (such as precipitation under-
catch correction, debiasing, correcting for unventi-
lated temperature sensors). Once this is done, the
data is resampled to the requested time steps by
various temporal interpolations methods (linear in-
terpolation, precipitation reaccumulation, solar ra-
diation by interpolating the atmospheric properties
and applying them to the potential solar radiation for
this place and time). If there are still missing data
points at the requested time steps, it is possible to
rely on data generators to produce some data out
of either parametrizations (such as all-sky incoming
long wave parametrization) or very basic strategies
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(such as generating null precipitation to fill gaps).

Another step (not represented here) can take
place after the data generators, to compute spa-
tially distributed data over a provided Digital Eleva-
tion Model. A wide variety of methods are offered to
control how this spatialization takes place.

It is important to keep in mind that during this
whole process, MeteolO works with any sampling
rate, including variable sampling rate and can re-
sample to any point in time. Moreover, every step
of the process is fully user-configured through an ini
file (some tools such as inishell® can offer a graphi-
cal interface to produce this configuration file). This
means that the whole data preparation from raw
data to an usable data set is fully described by this
ini file that can be used to document what has been
done (as in the research context) or to exchange a
data preparation workflow between an experimental
setup and an operational system.

2. METEOIO’S APPLICATIONS OVERVIEW

Although MeteolO was originally written to provide
data to numerical models, it has steadily been used
in broader contexts. Some of these applications are
presented in more details below.

2.1. Providing forcings to numerical models

This is the most basic and the original use case: a
numerical model needs high quality, gap free data to
run properly. By relying on MeteolO instead of ad-
hoc implementation, the model (or any other appli-
cation) gains independence from the source of the
data and can therefore use forcing data in different
formats, for example forcing data in the native for-
mat of another model or different data source be-
tween research runs, operational nowcasting runs
and forecast runs. The application also does not
need to worry about quality control of the data and
is therefore more focused on its core tasks. There
are two ways to use MeteolO in an application: ei-
ther by integrating the library directly into it (as is
done by Snowpack (Lehning et al. (2002), Fierz
et al. (2013)), Alpine3D (Bavera et al. (2014))
or Geotop (Endrizzi et al. (2014))) or by running
MeteolO first (through a very simple application that
calls MeteolO to get the data and write it out) and
run the application on the produced data files in a
second step (Raleigh and Small. (2017)).

2.2. Virtual stations

When no meteorological parameters are available at
the point where the data would be necessary, Me-

2https://models.slf.ch/p/inishell/
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Figure 2: Virtual stations: either by spatially interpolating point
data or extracting time series from gridded data

teolO offers several possibilities to still provide me-
teorological time series: it is possible to spatially in-
terpolate several time series at the point of interest
or extract time series from gridded data sets (such
as reanalysis data). This is fully transparent to the
application getting its data from MeteolO that sees
the data as if it was coming from any regular data
source. This is used for example to extend the tem-
poral validity of measured snow profiles by further
simulating them with Snowpack at their measured
location (Monti et al. (2016)). This is also used
to evaluate snow loads at places where no consis-
tent meteorological records could be available by
extracting data out of reanalysis gridded data sets
(Nikolov et al.  (2018)). Of course, it is still pos-
sible to filter the extracted data like from any other
source, for example to apply debiasing (such has
been done for example to produce forcings at the
Urumgi glacier number 1 in China).

2.3. Chaining models
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Figure 3: Chaining of models: the output of one model is the
input of the next

The integration of all the necessary steps for
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data preparation into MeteolO significantly ease the
chaining of models (using one model’s output as the
input of another model). This is specially impor-
tant when some measured parameters are hard to
statistically spatialize (such as the measured snow
height, that depends on the cumulative effects of
the radiation fields and of the wind fields or the re-
flected short wave radiation that depends on the sur-
face albedo at each grid cell) and must therefore
first be converted into other parameters before spa-
tialization (such as equivalent precipitation or the
incoming short wave radiation). MeteolO allows
reading different data formats, excluding some me-
teorological parameters and merging together data
sets into common stations (for example to only take
the equivalent precipitation from the first simulation
while retaining the original surface temperature as
measured) and reading the produced data set again
into the second model as spatialized forcings. Fig.
3 shows how this is used at the Vallée de la Sionne
test site in order to simulate the snow cover distri-
bution with Alpine3D using Snowpack as first-stage
model (Kohler et al. (2018)). Thanks to MeteolO,
this is achieved simply by calling Snowpack, then
Alpine3D without the need to tweak any of the data
in between.

2.4. Data quality monitoring
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Figure 4: Data quality information extracted from MeteolO’s logs

MeteolO has a special mode of operation where
it logs every alteration to the raw data set, and pro-
vides the station ID, the exact time step, the param-
eter name and the algorithm that altered the data.
This could be a filter that removed a point, a filter
that corrected a point or a resampling algorithm that
interpolated a missing data point. It is possible to
get a good overview of the health of the measure-
ment network by running on all the available stations
(128 in the case of the deployment at the Institute for
Snow and Avalanche Research SLF (Switzerland)
that has been running for the last two winters) over
a given time period. An aggregation period of one
week has been chosen as a good compromise be-
tween reactivity and enough memory of past events
so it is not mandatory to look at the extracted re-
sults too often. Then another tool aggregates and
presents these results to the user. In the SLF test
setup, generating the logs only takes 10 to 40 sec-
onds (depending on the database load).
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Figure 4 is a screenshot of the SLF setup. Only
a very small subset of the stations is shown and
some measured parameters have been removed for
clarity. One can already identify several issues with
the network: the station BER3 shows a relatively
high number of errors on almost all parameters, this
might be linked to transmission failures. On the con-
trary, station SCH2 only shows a high number of
missing values for one parameter, so here it might
be a sensor problem. Stations DIA2 and ATT2 show
no missing values while station CAM3 shows the
“...” symbol for some parameters, meaning that
the said parameters have never had any values (so
most probably, these parameters are not measured
at this location).

2.5. Data standardization and sharing
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Figure 5: Global Cryosphere Watch data flow: from disparate to
standardized and queryable datasets

As MeteolO can read a variety of data formats (as
well as lots of variation within a given format, as is
found with CSV or NetCDF), it can serve as a con-
verter from disparate data formats to a unified for-
mat. This is the role that it fulfills for the World Mete-
orological Organization’s Global Cryosphere Watch
(GCW). GCW is an international mechanism for
supporting all key cryospheric in-situ and remote
sensing observations. To this effect, it builds up a
global network of so called GCW CryoNet stations
that report metadata to the GCW data-portal and
provide means to access data using a decentralized
model. A majority of the measuring stations are op-
erated by universities and research organizations,
which are not familiar with the WMO metadata and
data exchange mechanisms and do not have the re-
sources to adopt them. Thus MeteolO offers a way
to prepare the data for publication on the GCW data-
portal by reading the measurements in their native
format as they are generated by the organization in
charge of the station, performing some data filter-
ing, filling potential data gaps (all according to the
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configuration performed by the local organization)
and writing out the data in a standardized format
and schema, according to WMO recommendations
and based on the NetCDF common data model and
the CF convention with the ACDD data discovery at-
tributes (Bavay at al. (2018), see Fig. 5).

MeteolO is also used in this data hub role within
the PROSNOW EU Horizon project (Morin and
Dubois. (2018), Hanzer et al. (2018)) where it con-
verts forcing data from various origins and formats
(mostly CSV based) into the native formats of the
various models that are used in the project as well
as filters, resamples and fills the potential gaps. By
adding metadata with very little effort from the user,
it can make the prepared data sets easier to identify
and distribute and safer to archive.

2.6. Maps generation

Since MeteolO is also able to spatially interpolate
meteorological data in order to deliver spatial field
to models that require it, it can also be used to gen-
erate maps of various parameters. The user can
choose from twenty different algorithms, from simple
averaging to kriging, wind fields parametrizations, li-
dar snow depth distribution weighting of the precip-
itation distribution or topography and atmospheric-
aware solar radiation interpolations. The interpo-
lations fully benefit from C++’s performances and
are therefore well suited to batch generation of grid-
ded data. Moreover, several output plugins make
it also well suited to web services usages, such as
the PNG outputs or the NetCDF outputs with dis-
covery metadata. MeteolO has been used within an
operational context for such tasks in projects such
as Sensorscope (Ingelrest et al. (2010)), Switzer-
land’s Gemeinsame Informationsplattform Naturge-
fahren (GIN, Romang et al.  (2009)) and MyS-
nowMaps®.

3. CONCLUSIONS

The MeteolO preprocessing library has grown into
a robust and flexible swiss army knife to work with
meteorological data, both in the research and oper-
ational context. Several applications as well as sev-
eral commercial companies rely on it for their daily
operations and the range of its applications is still
expanding. Current developments are directed to-
ward a more flexible and refined support of time se-
ries of gridded data in order to allow the same kind
of filtering and interpolating abilities on gridded data
as on point data.

The MeteolO library is available under the GNU
Lesser General Public License v3.0 (LGPL v3)

Shttp://www.mysnowmaps.com/
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on https://models.slf.ch/p/meteoio/ both as source
code (from the source version control system or
as packages) or as precompiled binaries for vari-
ous platforms (Linux™, Apple macOS™ Microsoft
Windows™).
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