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Abstract—Climate data homogenisation is of major importance in monitoring climate change, the validation of weather
forecasting, general circulation and regional atmospheric models,
modelling of erosion, drought monitoring, among other studies
of hydrological and environmental impacts. The gsimcli package
is a work in progress project based on a geostatistical homogenisation method, aiming to make its application easier and more
straightforward. It is expected that this contribution will help
technicians, researchers and other professionals, to detect and to
correct irregularities in climate data.
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and in different formats that have to be parsed, and ii) the
method makes use of an already existent program, which
has its own input and output formats. Handling different
file formats among the algorithm’s steps may require several
transformations, back and forth.
This short paper introduces the method itself, describes
the software development and its structure, illustrates an
example of its usage, and finally lists some of the features
and improvements that are expected in the near future.
II. B RIEF THEORETICAL REFERENCE

I. I NTRODUCTION
Homogenisation of climate data is a very relevant subject
since these data are required as an input in a wide range of
studies, such as atmospheric modelling, weather forecasting,
climate change monitoring, or hydrological and environmental
projects. Often, climate data series include non-natural irregularities which have to be detected and removed prior to their
use, otherwise it would generate biased and erroneous results.
In the last two decades, many methods have been developed
to identify and remove these inhomogeneities [1][2][3][4]. One
of those is based on a geostatistical simulation technique,
direct sequential simulation (DSS), proposed by Soares [5], in
which local probability density functions (PDFs) are calculated
at candidate monitoring stations, using spatial and temporal
neighbouring observations, and then are used for detection
of inhomogeneities [6]. This approach has been previously
applied to detect inhomogeneities in four precipitation series
(wet day count) from a network with 66 monitoring stations
located in the southern region of Portugal [7]. That study
revealed promising results and the potential advantages of geostatistical techniques for inhomogeneities detection in climate
time series.
This package is a product of a project (GSIMCLI –
Geostatistical simulation with local distributions for the homogenisation and interpolation of climate data (PTDC/GEOMET/4026/2012)) that aims to improve and develop that geostatistical homogenisation method, deploying its algorithms
into a computer program.
The first studies of the method required a lot of time and
interaction from its users. That happened mainly for two
reasons: i) climate data may come from different sources
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A brief theoretical introduction to the related topics will be
presented in this section.
A. Climate data homogenisation
The homogenisation of long meteorological time series is of
extraordinary interest to the scientific community. The precise
quantification of the variability of observed meteorological
parameters is essential for many purposes. However, long
instrumental records are rarely homogeneous because their
values are dictated not only by change in climate but also
by non-climatic factors. Irregularities such as relocation of
weather stations or changes in measuring instruments, introduces discontinuities in time series, which may lead to data not
being representative of real climate change. That may therefore
skew the studies’ results [1][6].
B. Geostatistical simulation
In geostatistics, it is common to refer to simulation as a
stochastic process, opposed to estimation which is regarded as
a deterministic process. Besides correlating different samples
of a given variable, geostatistics adds their spatial structure
to the equation. Therefore, geostatistical simulation is used to
reproduce the spatial distribution and uncertainty of variables
of different resources in Earth sciences.
One of the geostatistical simulation methods that has been
widely used in different contexts (e.g., oil and gas resources,
air and water pollutants) is the DSS. One of its main advantages is not requiring the transformation of the original
variable, while honouring both the variable’s covariance model
and histogram.
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C. Geostatistical simulation for the homogenisation of climate
data
A geostatistical approach, using DSS, was proposed by
Costa et al. [7] for inhomogeneities detection and correction.
The DSS algorithm is used to calculate the local PDF at
a candidate station’s location, using spatial and temporal
observations, only from nearby reference stations, without
taking into account the candidate’s data. Afterwards, the local
PDF from each instant in time (e.g., year) is used to verify the
existence of irregularities. A breakpoint is identified whenever
the interval of a specified probability p (e.g., 0.95), centred in
the local PDF, does not contain the observed (real) value of the
candidate station [6]. In Figure 1, the orange areas illustrate
the identification of a breakpoint, i.e., the values lying in the
orange areas will be classified as inhomogeneous. In practice,
the local PDFs are provided by the histograms of simulated
maps. If irregularities are detected in a candidate series, the
time series can be adjusted by replacing the inhomogeneous
records with the mean, or median, of the PDF(s) calculated
at the candidate station’s location for the inhomogeneous
period(s).
This technique accounts for the joint spatial and temporal
correlation between observations, and gives greater weight to
the nearest stations, both in spatial and correlation terms.
The final goal of the GSIMCLI project is to deliver a
complete tool for the homogenisation of climate data, after
investigating a new method based on DSS with local distributions [9]. It should result in a procedure that is appropriate for
those situations in which the monitoring stations are located
in extensive areas with different climatic characteristics, and
it should be extensible to situations in which the PDF of
the candidate station is different from its neighbours’ PDF,
which occurs, for example, due to local trends induced by
local physiographic features.
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III. T HE GSIMCLI PROGRAM
With the attention drawn into homogenisation methods by
the HOME project (COST Action ES0601) [10] and the
promising results attained in previous studies [6], the geostatistical approach became an interesting research subject, leading
to this computer program.
The homogenisation method referred in Section II-C has
been deployed into a computer program, which simplifies its
application and assessment. In this section, we will elaborate
on the program’s details.
A. Software development
The gsimcli computer application (available at http://iled.
github.io/gsimcli) is being developed under the object oriented
paradigm, with the programming language Python (see http:
//www.python.org), a cross-platform, open source and general
purpose language widely used in the scientific community.
Its development is divided in a set of packages described
below. The Python language is a good tool for prototyping
(it is fast to code and easy to read) and for tasks that are
not computationally demanding, still, it has a wide range of
libraries that enhance its performance and usability.
The DSS algorithm is currently implemented as a black
box element in the algorithm – the binary is launched as a
standalone application – and its code is not presently part of
this project.
B. Packages
This computer application can be seen as a collection of
scripts, which have been divided into four packages. Each
package encloses a different number of modules, then each
module contains a set of related functions.
1) Parsers: One of the main purposes of the proposed
program is minimising the required pre-processing and transformations needed during the homogenisation process, from
the user point of view, i.e., the program should manage
and transform all the data files automatically. Thus, a set
of modules were developed to handle different file types,
including reading, writing and the conversion between them:
costhome
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Fig. 1. Example of a probability density function originated from the
simulation of the variable wet day count [8].
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files in the format established for the benchmark dataset developed in the HOME project
for the comparison of homogenisation algorithms.
dss
DSS parameters file.
gsimcli
parameters file of the gsimcli application.
shapefile
files generated in a Geographical Information
System (GIS) environment.
spreadsheet typical spreadsheet file (e.g., comma separated
values).
2) Tools: The definition and handling of objects and the
numerical calculations are mainly developed in these modules.
There are algorithms implemented to: deal with objects that
follow the specification given in the widely used geostatistical
library GSLIB [11]; detect and identify breakpoints in time
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series (the main goal of this program); control parameters; and
also to calculate performance metrics for the homogenisation
process, i.e., centred root-mean-square error (CRMSE).
3) Launchers: This package operates the main processes
execution: DSS and the homogenisation process as a whole.
The DSS related module takes advantage of the fact that
different realisations are independent between them, to launch
multiple simulations at the same time, in order to achieve a
form of parallel execution. In this way, it is possible to use
multiple cores, thus reducing the overall processing time.
The module that controls the homogenisation process includes options to make it run in time series separated in
decades, and also in time series belonging to different networks (these functions are grouped with the term “batch”).
With such functions, all the file handling is automated and
user’s perceive the homogenisation as a single process, instead of a repetitive and time-consuming sequence to process
different input and output data.
4) Interface: The program offers a graphical user interface
(GUI) that was designed to be easy and intuitive to use, having
a lot of common structures seen in other programs.
Basically, and at the current point of development, it is a
settings pane with three groups of parameters: data, simulation
(DSS) and homogenisation. They are organised in the order
that the overall process will run and that should match a natural
workflow (Figure 2).
5) Documentation: The program development also accounted for its documentation. There is an application programming interface (API) and a user manual for the GUI,
both available at http://gsimcli.readthedocs.org.
C. Usage
As stated before, the program usage should be direct and
effortless. A set of default and recommended settings is

provided, which will help users to start using this application.
If using the default values, a common usage should go as
follows:
1) Browse the data file location or, if processing multiple
networks and/or decades, browse the data folder location.
2) Confirm the variables order and the place holder number
for missing data.
3) Browse the DSS binary file.
4) Set up the simulation grid (if processing multiple networks, the grid details must be included in a spreadsheet
file).
5) Provide the theoretical variogram model (if processing
multiple decades, the variogram must be included in a
spreadsheet file).
6) The settings for the detection and correction if inhomogeneities are also given by default, but it should be
simple to try different values.
7) Browse the results file and directory.
8) Run gsimcli.
After that, the program will show the progress of the
process. The necessary computational time highly depends on
the computer specifications (e.g., frequency and number of
cores), but also depends on the data set (number of candidate
stations) and on the simulation parameters (e.g., grid size,
maximum number of nodes to search for).
The final outcome is a spreadsheet file containing the
complete homogenised data set, it will show the previous
values of the homogenised samples, as well as a summary
table indicating the number of detections and missing data
per candidate station.
D. Enhancing the case study
When the geostatistical approach for the homogenisation of
climate data was first studied, only 4 candidate stations out of
10 were selected (those 10 had been previously classified as
inhomogeneous among a total of 66 stations) [7]. The process
was slow and laborious, it required a considerable amount of
user interaction and, for that reason, it was not practical to assess a desirable number of candidate stations. Nonetheless, that
study revealed promising results and the potential advantages
of geostatistical techniques for inhomogeneities detection in
climate time series.
The implementation of all the required steps into computer
scripts made it feasible to extend the same case study, with
the number of candidate stations being increased to 10 (the referred inhomogeneous stations) [8]. Also, it is now practicable
to analyse the method sensitivity to any parameter.
E. Performance assessment

Fig. 2. Graphical user interface overview.
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The algorithms overall performance can be assessed in two
aspects: the computational performance while running the
algorithm; and the results of the homogenisation process. Both
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these perspectives were investigated and considered during the
software development.
The computational performance has been an important factor in the design and implementation of the algorithms, both in
processing time and required system memory. For example, as
already mentioned, running multiple instances of DSS is a way
to increase computational efficiency, while the division of time
series in decades should help to reduce memory consumption.
In terms of quality of homogenisation, the performance
has been measured in two ways: homogenising the southern
Portugal case study and comparing with the results obtained
in a previous study [7]; and measuring the obtained CRMSE
in the homogenisation of some of the benchmark network
of the HOME project, against other results presented by the
same project [10]. In the first case, the results were promising
and consistent with what had been obtained in the mentioned
study [8]. In the latter, the results were considerably worse
than those obtained by other homogenisation algorithms, given
the small size of the monitoring networks and their low
spatial dependence, thus highlighting the importance of the
implementation of the DSS with local distributions [12].
IV. C ONCLUSION AND FUTURE WORK
The resulting computational application reproduces an existing and tested homogenisation method based on a geostatistical simulation technique, while having the advantage
of the entire process being conducted in a seamless and
practical manner, requiring less user interaction. This is highly
beneficial to researchers: it is easier to investigate the influence
of any parameter, and it allows the addition of new methods
in a given step of the overall process, enhancing the research
and development of new techniques and knowledge.
In the near future, it is planned to extend the GUI to include
more options to the user, as well as to provide a graphical interface for other operations related to the homogenisation process
(e.g., variography, conversion between file types, calculation
of performance metrics).
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