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1. Introduction
The Brazilian meteorological community has few model verification tools following the World Meteorological Organization
(WMO) recommendations. The National Institute for Space
Research (INPE), Center for Weather Forecasting and Climate
Studies (CPTEC) operational Numerical Weather Prediction
(NWP) center is providing operationally the Community System for Evaluation of Numerical Weather and Climate Prediction Models – SCANTEC (from the acronym in Portuguese to
Sistema Comunitário de Avaliação de modelos Numéricos de
Tempo E Clima – de Mattos and Sapucci 2017) in order to
contribute with the improvement of model quality assessment.
SCANTEC project aims to offer for the community and operations a unified, standardized, and flexible tool for forecast
verification.
The SCANTEC project is under management in a flexible
institutional project management web application at CPTEC.
SCANTEC Version 1.0 includes traditional measures for categorical and continuous variables, like the Root Mean Square
Error (RMSE), bias, and Anomaly Correlation (AC). Besides,
the package provides advanced spatial forecast evaluation techniques in research mode, like the Method for Object-based Diagnostic Evaluation (MODE). SCANTEC advantages span in
the flexible integration of modeling systems employed by different institutions in Brazil, or different versions of the same
modeling system. SCANTEC is also flexible to receive new
statistical metrics (de Mattos and Sapucci 2017).
This paper aims to describe the main components of
SCANTEC and its potential as an open-source, communitybased development software for model verification. Section 2
presents the basic structure of SCANTEC Version 1.0, in which
the main features are described. Section 3 presents the statistical metrics available, and finally, Section 5 describes the planning of future developments, including the capability for broad
use in supercomputing environments and future applications.
2. Basic structure of SCANTEC
SCANTEC is a system based on open-source tools and can
be run on different operating systems, such as UNIX, Linux,
Windows, and macOS. The system structure includes a kernel fully modular to facilitate the implementation of new features. The kernel is developed in Fortran 2003 programming
language, following the ANSI standard. Besides, SCANTEC is
userfriendly and configurable through American Standard Code
for Information Interchange (ASCII) files. The main components of SCANTEC are illustrated in Figure 1.
SCANTEC was designed by software development practices
that encourage the reuse and community sharing of algorithms
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Fig. 1. The main components of SCANTEC.

among the scientific community. The components were designed as functional abstractions using flexible object-oriented
programming paradigms to facilitate reuse and the development of future implementations. Interoperable features in
SCANTEC also include reuse and joint development with other
numerical modeling groups. Similar to the nature of objectbased in structured programming, SCANTEC provides standard functionalities for model evaluation and allowing the user
to fill variable functionalities according to their needs. The
number of variable functionalities in SCANTEC includes interfaces to facilitate the incorporation of (1) domains, (2) numerical models interfaces, (3) types of observations, and (4) statistical methods for evaluation. A set of abstract functions are
incorporated to represent the variable functionalities. These
interfaces called ”plugins” (model-plugins, obs-plugins, statplugins), contain access points or extensible interfaces to incorporate routines to read new models and statistical metrics
not included in the stat-plugins component. The model-plugin
component is responsible for model data reading; obs-plugin is
responsible for the reference dataset reformatting and access
a dataset server, and stat-plugin performs the computation of
statistical metrics; visualization and post-processing tools provide iterative access to SCANTEC products.
3. Statistics and visualization
SCANTEC includes two modules that perform statistical
computations: Method For Object-Based Diagnostic Evaluation (MODE) and basic-statistic. Both are components of statplugin. The basic-statistic module includes standard statistical
metrics for comparing forecasts and grid point references. This
functionality is suitable for comparing model outputs with its
analysis, and also perform intercomparison between different
models or experiments performed with the same model. In addition to MODE, SCANTEC also offers methods for dichotomous forecast evaluation, extracting information from the contingency table after considering, for the precipitation field, cer-

tain thresholds commonly used by the community. The metrics
available in Version 1.0 are: Anomaly Correlation (CC), Root
Mean Square Error (RMSE) and Mean Error (ME), metrics for
specific precipitation assessment such as frequency histogram
and contingency table.
SCANTEC produces an output file in ASCII, which contains
the average statistical results on the selected domain as a function of lead time or time of day. A file in a sequential binary format is produced, containing the statistical results for each grid
point of the domain and period. SCANPLOT tool performs the
visualization of statistics tables provided by SCANTEC. This
tool consists of a set of scripts written in Python, where graphical outputs include visualization of statistics in the scorecard
and Taylor Diagram format. Figure 2 shows an example of a
scorecard provided by SCANTEC, highlighting the RMSE
improvement in different variables and levels evaluated (Sapucci
et al. 2016).

over the last year in scientific studies and is under the GNU
General Public License. As a community tool, SCANTEC is
open-source software that will be available to community contributions to enhance the tool and keep it relevant for scientific
applications.
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4. Spatial verification method
Traditional metrics are not sufficiently informative to evaluate numerical models, especially those with high horizontal
resolution. MODE is an object-based method to verify properties of spatial forecasts of entities, where an entity is anything that can be defined by a closed contour (Ebert and
McBride 2000). This technique emulates the visual identification of a forecaster analyzing the meteorological field, identifying matched objects, and then comparing each other (Davis
et al. 2006, 2009). MODE has been implemented by (Carrasco 2017) and was applied to evaluate precipitation forecasts
and intercompare the Brazilian developments on the Regional
Atmospheric Modeling System (BRAMS) and the Weather Research and Forecasting (WRF) Model (Carrasco et al. 2020).
Recent work at CPTEC has used MODE to identify and evaluate forecasts of heatwaves predicted by two versions of BRAMS
model using ECMWF ERA5 reanalysis and GFS analysis as the
reference database (Garcia 2020).
5. Future developments
SCANTEC is a project in progress, and future developments
consider community needs and contributions. A graphical web
interface based on the Python Jupiter notebook tool is under development, which should be migrated to a stand-alone
graphical interface. NetCDF (network Common Data Form)
format will be included as one of the data formats supported in
SCANTEC. Observational datasets provided in PrepBuffer and
ASCII, which include conventional data such as SYNOP, SHIP,
METAR, among others, will also be supported and included
in the list of references database available in obs-plugin. As
many centers work in a high-performance computing environment, parallel processing is desired for SCANTEC to provide
faster and more efficient statistical computation. To meet this
aim, the parallelization of SCANTEC is required and will be
available in future versions. Scientific applications restricted to
meteorological variables are considered to be extended to air
quality variables, as CPTEC is a producer of operational air
quality forecasting for South America, and recognizes the need
for an operational procedure for air quality forecasting verification.
6. Summary and Conclusions
SCANTEC has been developed at INPE/CPTEC for use
by the internal community in NWP assessment. SCANTEC
Version 2.0 is under release in the operational CPTEC NWP
environment. The tool is applied to evaluate meteorological
variables and offers a flexible environment for user needs under
a userfriendly configuration to another modeling system other
than those currently available. SCANTEC has been applied

Fig. 2.

Type of analysis provided by SCANTEC exploring

scorecard shows the gain in RMSE over South America after the
assimilation of radio occultation data.

More detail about this

study is available in Sapucci et al. (2016).
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