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Introduction Modular structure Parallelization

Often, the same analysis needs to be performed for different models, variables, and
initialization dates. SUNSET allows the user to create one recipe defining a common
workflow for multiple datasets. When running the launcher script, the recipe is split
into individual verifications (atomic recipes), which are run in parallel on the
computer cluster with the option to use SLURM directly or through Autosubmit as the
workflow manager.

To take full advantage of HPC capabilities and deal with memory limitations, an
additional layer of parallelization can be added to each atomic workflow, through lazy
loading and domain decomposition. The data can be chunked along temporal or
spatial dimensions, depending on the specific analysis, and each chunk is processed
separately until the data size is reduced. Afterwards, the numeric arrays and
corresponding metadata are pieced back together and the workflow can continue.

The SUNSET code features a modular design that provides
flexibility with a fixed structure for module input and output, so that
parts of the workflow can be easily arranged in the desired order,
added, or skipped.

The data requested by the user is retrieved from netCDF or GRIB
files and loaded into R as an array with named dimensions, with the
associated metadata attached. Regridding and unit conversion are
performed if requested.

Anomalies Calibration Downscaling

Several modules are available to perform required post-processing
steps such as anomaly computation,nbias adjustment or
downscaling, with various methodologies. The tool can also perform
the computation of climate indices (e.g. NAO, EI Nino) and tailored
sectorial indicators for climate services (e.g. SPIl and SPEI).

Probabilities m_

The output of any of the above modules can be used to compute
probabilities based on specified thresholds and to evaluate the
model skill against the reference dataset.

Visualization Scorecards

The outputs of the modules can be visualized in maps, scorecards
and time series plots.

SUNSET is an R-based tool
that aims to provide climate
services for sub-seasonal,
seasonal and decadal time
scales. The tool reads and
post-processes climate
forecast outputs by applying
state-of-the-art
methodologies to  tailor
climate products for each
application and sector (e.g.: agriculture, energy, water
management, or health).

Its modular design allows the technicians and researchers
flexibility in defining the required post-processing steps, as
well as the products definition by deciding on the forecast
system and reference datasets, variables, and forecast
horizon among others. The tool also allows for the creation
and visualization of climate forecast products, such as
maps for the most likely terciles, and performs the
verification of the products, which can be visualized on
maps and scorecards. The inclusion of a launcher script
allows users to easily parallelize the computation in HPC
machines.

RECIPE

2 variables (e.g. temperature at surface and mean sea level pressure) and
2 different initialization dates (e.g. 1st of May and 1st of November)
for 1 region (e.g. global).

Atomic recipe 1
Assessment of 1st of May
initialization day of the air

temperature at surface

Atomic recipe 2
Assessment of 1st of May
initialization day of the mean
sea level pressure

Atomic recipe 3
Assessment of 1st of
November initialization day of
the air temperature at surface

Calibration

Atomic recipe 4
Assessment of 1st of
November initialization day of
the mean sea level pressure
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Fig 3: Diagram showing an example of recipe splitting and parallelization of the workflow on an HPC cluster.
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Fig 1: Overview of the workflow to include a new feature or module in the tool.
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Fig 2: Example of Indices module output. Time series of standardized NAO index, comparing the reference

dataset (ERA5) with the ECMWF SEAS5 mean and ensemble spread.
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Portability

SUNSET uses a configuration file, the archive, which contains information about
the datasets available in the filesystem: variable names, paths, grid descriptions,
and other relevant details. Multiple entries can be added to the archive to allow
usage in environments with different file structures or data availability.

The software requirements include several R packages aimed towards climate
forecast post processing such as startR (Manubens et al.,, 2023), s2dv
(Manubens et al., 2018), CSTools (Pérez-Zanon et al., 2022) and CSlindicators
(Pérez-Zanon et al., 2023). Climate Data Operator (CDO; Schulzweida, 2019) is
also a requirement, and the Autosubmit workflow manager (Manubens-Gil et al.,
2016) is optional for more user-friendly parallelization.

A conda environment including R and all of the software dependencies has been
created to facilitate portability. The team is also working on a Docker container
for easy installation.

SUNSET is based on user-defined configuration files, named
recipes. The recipe contains the information of the variables and
systems to evaluate, the region and time period of the evaluation,
which results to save and to which directory, as well as the details of
each step of the workflow.

Users build a simple script calling the modules needed for their
workflow: each module is an R function that takes the recipe as an
input parameter. The execution of the recipe and script is handled
by the SUNSET Launcher. For a smaller test or an analysis of a
single dataset, the code can also be run directly on the terminal or
Interactively in an R session.

The necessary information about the usage of the tool is
stored in the Wiki section of the GitLab repository.
Tutorials are provided in the form of use cases: specific
examples of reproducible code with step-by-step
Instructions and detailed descriptions.

Visualization

With the Visualization module, the forecast products and skill assessment metrics computed during the workflow can be displayed in the form of maps and scorecards, with options for different color palettes, map
projections and single-panel or multi-panel layouts. It is also possible to generate Scorecards (fig. 7) to display an overview of model performance across regions, initialization dates and forecast times.
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Fig 7: Scorecard displaying the near-surface air temperature mean bias, correlation, RPSS and continuous rank probability skill score (CRPSS) values for the
1993-2016 hindcast period in three regions (tropics and extra-tropics) for each initialization date of ECMWF SEASS, computed using ERAS as the reference
dataset. The user can decide which metrics and regions to display in the scorecard.

Fig 8: Robinson projection map, showing the mean bias of January
near-surface air temperature for ECMWF SEASS5 evaluated against
ERADS for the 1993-2016 hindcast period, initialized in January.

Fig 5: Most-likely terciles for September 2023 2 metre temperature,
for the ECMWF SEASS5 (v5.1) September-initialized forecast. Crosses
indicates grid points with negative Rank Probability Skill Score
(RPSS).

Fig 6: Forecast ensemble mean for September 2023 2 metre
temperature, for the ECMWF SEAS5 (v5.1) September-initialized
forecast.

The SUNSET repository:
https://earth.bsc.es/gitlab/es/sunset
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