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Introduction



Providentia is an evaluation tool designed for the 

in-depth analysis of observations, as well as colocated 

model output.
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Functionalities



Structure

Dashboard

To analyse in real time BSC model results, 

using observational data.

Library

Uses backend functions within Jupyter 

notebooks.

Report

Creates detailed pdf reports for in-depth 

analysis.

Download
Allows you to download 
the observations and 
models.

Interpolation
Matches models to observation 
networks.
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Set up



Prerequisites
Providentia is stable on macOS and Linux, where you need to install Git and Conda.

The software has not been designed to work on Windows. If you are a Windows user you must 
first choose one of these options:

• Use Windows Subsystem for Linux (WSL), only for Windows Pro users (Recommended). 
Instructions here. 

• Use a virtual machine (e.g. Oracle, VirtualBox). Instructions here. 
• Use Git Bash. Instructions here.

BSC HPC users:
• Providentia is available on MN5 and Nord4
• No previous installation is required

For more details, see the official documentation:

https://providentia.readthedocs.io/en/latest/Getting-started.html#prerequisites

https://git-scm.com/install/linux
https://docs.conda.io/projects/conda/en/latest/user-guide/install/index.html
https://providentia.readthedocs.io/en/latest/WSL.html
https://providentia.readthedocs.io/en/latest/VM.html
https://providentia.readthedocs.io/en/latest/Git-Bash.html
https://providentia.readthedocs.io/en/latest/Getting-started.html#prerequisites


Connect to HPC machines (BSC HPC users)
To run Providentia on Nord4 or MN5, you need to configure SSH access from your local machine.

On your local computer, open and edit your SSH configuration file:

vi ~/.ssh/config

Host mn5

    HostName glogin4.bsc.es

    User bsc032XXX

    IdentityFile ~/.ssh/id_rsa

    ForwardX11 yes

    ForwardX11Trusted yes

    ForwardX11Timeout 7d

    Compression yes

    Ciphers aes128-gcm@openssh.com

Host nord4

    HostName n4login0.bsc.es

    User bsc032XXX

    IdentityFile ~/.ssh/id_rsa

    ForwardX11 yes

    ForwardX11Trusted yes

    ForwardX11Timeout 7d

    Compression yes

    Ciphers aes128-gcm@openssh.com
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Mandatory to run the 
Dashboard

Necessary to make the 
Dashboard faster

Recommended for 
password-free SSH 
access. A tutorial is 

available here 

Only n4login0 has internetOnly glogin4 has internet

https://earth.bsc.es/wiki/doku.php?id=computing:sshkeyautologon&amp;s%5B%5D=id_rsa.pub#ssh_key_autologon


Clone Providentia
Enter the project’s GitHub page (https://github.com/bsc-es/providentia) and clone Providentia in 

your working directory:

The latest releases are saved in the production branch, but we suggest users to stay in the master 

branch. In order to stay up-to-date just run this line from time to time:

BSC HPC users

● If you are working on an HPC machine, we recommend cloning the directory in gpfs/ (e.g. 

/gpfs/scratch/bsc32/bsc032XXX) from MN5 (glogin4) to have access from MN5 and Nord4.

git clone https://github.com/bsc-es/providentia

git pull

https://github.com/bsc-es/providentia


Internal directories
When cloning the Providentia repository from GitHub, the project is automatically created with a predefined 

directory structure. These internal directories are required for the correct execution of Providentia:

├── configurations/   Contains configuration files required to run all Providentia modes.

├── logs/                      Stores output files generated by Interpolation.

├── notebooks/          Holds template notebooks.

├── plots/                    Saved plots if Providentia is used as a module.

├── reports/                Saved reports generated in Report.

├── saved_data/         Stores configuration, NetCDF and NumPy files if Providentia is used as a module.

└── settings/               Contains files that configure various aspects of Providentia.

For more details, see the official documentation:
https://providentia.readthedocs.io/en/latest/Getting-started.html#providentia-internal-directories

https://providentia.readthedocs.io/en/latest/Getting-started.html#providentia-internal-directories


Launching Providentia

After cloning the repository, open a terminal and move to the Providentia directory. 

Then start the dashboard by running:

The first time the software runs in a local machine it will create a conda environment called 
providentia-env_v[version] with all the modules needed.

./bin/providentia

cd providentia



Using a configuration file
If you want to define which data is loaded in advance, you can use a configuration file. 

To specify which configuration file to use, you can specify it from the command line using the --config 
argument. 

Configuration file inside the configurations/ folder

If the file is located inside the configurations/ folder, only the filename is required:

Configuration file in a different location:

If the file is stored in a different location, you can provide the full path:

/bin/providentia --config=/path/to/file/example.conf

./bin/providentia --config=example.conf



Main launch options

Main purpose Argument

Dashboard On-the fly analysis

Report Detailed analysis in PDFs format --report, --reports

Notebook Open a Jupyter notebook --notebook, --nb

Interpolation Interpolate models to observational networks --interp, --interpolate, --interpolation

Download Download data to local machine --download, --dl

Clean Clean logs and new files --clean

Configuration file Path or name (if in configurations/ directory) --conf, --config, --configuration

Section Specify configuration file section --section

Logfile Redirects output to a file. --logfile

For more details, see the official documentation:

https://providentia.readthedocs.io/en/latest/Command-line-configuration.html

https://providentia.readthedocs.io/en/latest/Command-line-configuration.html


Configuration files



Create a configuration file
Configuration files specify which data to download (download mode), interpolate (interpolation 

mode), read and plot (dashboard, report and library modes) in the different modes.

By default, Providentia reads these files from the configurations/ directory:



Structure of a configuration file

[PRV_sconco3_CHIMERE]
ghost_version = 1.5
network = EBAS
species = sconco3
resolution = hourly
start_date = 20180101
end_date = 20180601
model = cams61_chimere_ph2-eu-000 (CHIMERE)

    [[Barcelona]]
    latitude = 39.8, 41.8
    longitude = 1.5, 2.5
    area_classification = keep: rural || remove: urban-suburban

Section ([name])

Subsection ([[name]])

configurations/configuration_name.conf

Configuration files are composed of:

● Sections (mandatory) act as the parent container for all parameters.

● Subsections (optional), contain metadata to filter data.

When reading and filtering data, subsections inherit all values defined in their parent section.

All fields in this section are shared parameters across modes.
For a full list of shared parameters: Shared fields

Additional notes:

● Configuration fields are 

not order-sensitive.

● When defining a 

section-subsection pair 

in the command line, 

use:

--section=section·subsection

https://providentia.readthedocs.io/en/latest/Configuration-fields.html#shared-parameters


Main fields in a configuration file

The following fields are commonly defined in configuration files across all the different modes:

Description

ghost_version GHOST version used when a GHOST network is selected. (e.g. 1.5)

network, observation, framework Observational data. (e.g. EBAS)

model, models, experiments, experiment
Model or experiment IDs. Domain and ensemble information can also be included. 
(e.g. a4j1-regional-000)

species Atmospheric components to analyse in BSC nomenclature. (e.g. sconco3)

resolution Temporal resolution of the observations (e.g. hourly)

start_date Start date. In YYYYMMDD format or YYYYMM for interpolation. (e.g. 20210101)

end_date End date. In YYYYMMDD format or YYYYMM for interpolation. (e.g. 20220101)



Species

• Species refer to atmospheric components such as gases and aerosols.

• Providentia uses the BSC nomenclature defined in GHOST standards.

Chemical formula Description BSC parameter name 

O₃ Surface concentration of ozone sconco3

NO Surface concentration of nitrogen monoxide sconcno

NO₂ Surface concentration of nitrogen dioxide sconcno2

SO₂ Surface concentration of sulphur dioxide sconcso2

CO Surface concentration of carbon monoxide sconcco

CH₄ Surface concentration of methane sconcch4

https://github.com/BSC-ES/providentia/blob/master/providentia/dependencies/GHOST_standards/1.6/GHOST_standards.py


Model, ensemble and domain
In Providentia, models are defined using three key components:

● Model: Model ID (or experiment ID in MONARCH terminology).

Examples: cams61_chimere_ph2, a8g1, osuite.

● Domain: Geographical region where the model is run.

Examples: global, eu, cat.

● Ensemble: Simulation of the same model with different initial 

conditions or configurations to estimate uncertainty.

Examples: 000, 001, 002.

You can specify model, domain, and ensemble either:

● All in one line.

● Separately in different fields.

● A combination of both.

For more details, check the models section in the official 

documentation: Models configuration

[PRV_sconco3_CHIMERE]
network = EBAS
species = sconco3
resolution = hourly
start_date = 20180101
end_date = 20180601
model = cams61_chimere_ph2-eu-000 (CHIMERE)

[PRV_sconco3_CHIMERE]
network = EBAS
species = sconco3
resolution = hourly
start_date = 20180101
end_date = 20180601
model = cams61_chimere_ph2 (CHIMERE)
domain = eu
ensemble = 000

https://providentia.readthedocs.io/en/latest/Configuration-fields.html#models


Structure of a configuration file 
(Analysis and visualisation modes)

[PRV_sconco3_CHIMERE]
network = EBAS
species = sconco3
resolution = hourly
start_date = 20180101
end_date = 20180601
model = cams61_chimere_ph2-eu-000 (CHIMERE)
statistic_mode = Flattened
active_dashboard_plots = timeseries, periodic-violin, scatter, distribution

    [[Barcelona]]
    latitude = 39.8, 41.8
    longitude = 1.5, 2.5
    area_classification = keep: rural || remove: urban-suburban

Section ([name])

Subsection ([[name]])

configurations/report_configuration.conf

● Apart from the main shared parameters, each mode has specific configuration fields to control its behavior.

● Analysis and Visualisation modes (Dashboard, Report and Library) share many parameters. 

○ Full list of shared fields: Dashboard, Report and Library Parameters  

● Subsections in configuration files affect only visualisation modes because they carry all relevant metadata. 

○ Full list of subsection fields: Metadata Fields

[PRV_sconco3_CHIMERE]
network = EBAS
species = sconco3
resolution = hourly
start_date = 20180101
end_date = 20180601
model = cams61_chimere_ph2-eu-000 (CHIMERE)
statistic_mode = Flattened
report_filename = PROVIDENTIA_Report 

    [[Barcelona]]
    latitude = 39.8, 41.8
    longitude = 1.5, 2.5
    area_classification = keep: rural || remove: urban-suburban

configurations/dashboard_configuration.conf

Full list of Dashboard-specific parameters: here Full list of Report-specific parameters: here

https://providentia.readthedocs.io/en/latest/Configuration-fields.html#parameters-for-analysis-and-visualization-modes-dashboard-report-library
https://providentia.readthedocs.io/en/latest/Metadata-fields.html
https://providentia.readthedocs.io/en/latest/Configuration-fields.html#dashboard-parameters
https://providentia.readthedocs.io/en/latest/Configuration-fields.html#report-parameters


Section ([name])

● Subsections do not work in Download or Interpolation modes.
● Just like in the Analysis and Visualisation modes. They also have specific configuration fields to 

control its behavior.

configurations/download_configuration.conf

[PRV_sconco3_CHIMERE]
network = EBAS
species = sconco3
resolution = hourly
start_date = 20180101
end_date = 20180601
model = cams61_chimere_ph2-eu-000 (CHIMERE)
dl_overwrite = True

configurations/interpolation_configuration.conf

[PRV_sconco3_CHIMERE]
network = EBAS
species = sconco3
resolution = hourly
start_date = 20180101
end_date = 20180601
model = cams61_chimere_ph2-eu-000 (CHIMERE)
interp_n_neighbours = 3

Full list of Download-specific parameters: here Full list of Interpolation-specific parameters: here

Structure of a configuration file 
(Download and interpolation modes)

https://providentia.readthedocs.io/en/latest/Configuration-fields.html#download-parameters
https://providentia.readthedocs.io/en/latest/Configuration-fields.html#interpolation-parameters


Multiple sections in a configuration file
[PRV_sconco3_CHIMERE]
network = EBAS
species = sconco3
resolution = hourly
start_date = 20180101
end_date = 20180601
models = cams61_chimere_ph2-eu-000 (CHIMERE)
    
   [[Spain]]
   latitude = 35, 44
   longitude = -9, 2
   area_classification = keep: rural || remove: urban-suburban
    
    [[British_Isles]]
    latitude = 50, 58
    longitude = -12, 2

[PRV_sconco3_EMEP]
network = EBAS
species = sconcno2
resolution = hourly
start_date = 20180101
end_date = 20190101
model = cams61_emep_ph2-eu-000 (EMEP)

   [[Spain]]
   country = keep: Spain ||

[PRV_sconco3_fc]
network = eea/eionet
species = sconco3
resolution = hourly
start_date = 20230101
end_date = 20230201
model = a59g-regional-000 (fc)

Section1 ([name])

Section1·Subsection1 ([[name]])

configurations/multiple_configuration_name.conf

Section1·Subsection2 ([[name]])

Section2 ([name])

Section2·Subsection1 ([[name]])

Section3 ([name])

When launching the tool multiple sections, 

the modes behave differently:

● Dashboard: a specific 

section-subsection pair must be 

selected, it can be specified with the 

--section argument.

● Library: The first section in the 

configuration file is used by default, 

unless another section is explicitly 

specified.

● Report, Download and Interpolation: 

All sections (and subsections) in the 

configuration file are processed.

If only one section needs to be used, it 

can be specified with the --section 

argument.



Data



Access to data

Providentia currently provides direct access to both observational and model data via a dedicated download 

mode (more soon).

Observational data

• GHOST (Zenodo and BSC)

• non-GHOST (BSC)

• ACTRIS (via NILU THREDDS)

Model data 

• CAMS regional forecast, analysis, and reanalysis

• CAMS global forecast, and reanalysis



Data formats

Providentia requires observational and model data to be of a defined file format to be able to be read.

Providentia’s in-built download mode automatically formats data to be the correct format (more soon), 

but in case someone wants to read their own data with Providentia, we have substantive guides which 

aid this process.

For a guide on how to format observational data files to be read by Providentia, see here.

For a guide on how to format model data files to be read by Providentia, see here.

https://providentia.readthedocs.io/en/latest/Create-your-own-data-network.html
https://github.com/BSC-ES/providentia/blob/master/tutorials/2.%20Formatting%20model%20data.ipynb


Setting data paths
Providentia knows where data lives via one key file: settings/data_paths.yaml

There are multiple headings in the file which set observational and model data paths on different 

machines, e.g. local and BSC machines (mn5, nord4, etc.).

Under each heading, the following paths are set:

• ghost_root : Observational GHOST data  

• nonghost_root: Observational non-GHOST data

• mod_root: Interpolated model data

• mod_to_interp_root: Non-interpolated model data

If you are using Linux inside Windows (through WSL, VirtualBox or Git Bash) you will need to modify the 

paths to point to your Windows paths.























non-GHOST
Providentia can read data non-GHOST observational data, the only limitation is the data will be 

have limited filtering features, specifically:

● No GHOST QA flags

● No network flags

● No native representativity filters

● No period filters

● Limited metadata

On the dashboard this is reflected via greyed out buttons:



Download



Download data

If Providentia is cloned on a local machine, no data is available initially. Data must be 

downloaded before running any analysis or visualisation.

To download data, add the --download or --dl option together with a configuration file:

By default, all sections in the configuration file are processed. If only one section is required, it 

can be specified with the --section argument:

./bin/providentia --dl --config=example.conf

./bin/providentia --dl --config=example.conf --section=section1



Downloaded data location
• The downloaded data is stored in the directory defined in settings/data_paths.yaml under the local 

key.

• Users can modify these paths. The data will be downloaded, interpolated and read from the 

locations specified by the user.

Path identifiers used in data_paths.yaml

• Observational GHOST data → ghost_root

• Observational non-GHOST data → nonghost_root

• Non-interpolated model data → mod_to_interp_root

• Interpolated model data → mod_root



Types of downloads

Providentia supports several types of download:

• Observational and model data from the Barcelona Supercomputing Center (BSC HPC users)

• GHOST observational data from Zenodo

• ACTRIS observational data from NILU Thredds servers

• CAMS non-interpolated model data from the Atmosphere Data Store

Also a copy mode:

• Transfer from esarchive/ to gpfs/ (BSC users)



BSC HPC Download



Download from BSC HPC machines 
(BSC HPC users)

Downloads GHOST and non-GHOST observations and interpolated and non-interpolated model output 

from BSC HPC machines. 

A BSC account is required to use this feature.

Downloads from HPC to local machines are done via the Transfer5 machine (or MN5 if Transfer5 is 

unavailable).

For more details, see the official documentation:

https://providentia.readthedocs.io/en/latest/BSC-download.html

https://providentia.readthedocs.io/en/latest/BSC-download.html


Download source paths 
(BSC HPC users)

• Data is retrieved from the paths specified in the storage5 or mn5 key of settings/data_paths.yaml.

• Users can modify these paths in the storage5 or mn5 key of settings/data_paths.yaml so that it 

points to the other location.



When running a download from Barcelona Supercomputing Center for the first time, Providentia will ask 

for your SSH credentials.

First execution

• You will be prompted to enter your machine SSH user:

• Insert BSC storage5 ssh user (bsc032XXX):

• If passwordless SSH is not configured, you will also be asked for your password:

• Insert password:

SSH credentials for BSC downloads



Credentials storage

Providentia stores SSH connection information (username and password) in a .env file so that credentials 

only need to be entered once.

• The file is generated automatically the first time the download mode is used, if the user chooses to 

save preferences.

• Once created, the .env file can be accessed and modified manually from the Providentia root 

directory.

• If any field is removed, it will be requested again and regenerated on the next execution if the user 

chooses to restore it.

PRV_USER=bsc032XXX
PRV_PWD=example_pwd



PRV_USER

This field stores the username used to connect via SSH to remote machines.

Possible Values:

• Any valid username – Ensure you have an account and can successfully connect using                     ssh 
{username}@transfer1.bsc.es in download mode.

PRV_PWD

This field stores the password for logging into the remote machine. 

Note that the password is not required if you have configured the passwordless connection to different 
servers/machines. Tutorial here.

Possible Values:

• Any valid password

.env file

https://earth.bsc.es/wiki/doku.php?id=computing:sshkeyautologon&s%5B%5D=id_rsa.pub#ssh_key_autologon


Download GHOST observational data 
from BSC HPC machines (BSC HPC users)

GHOST observational networks are datasets that have already been processed according to GHOST 
standards.

Data structure

• To be discovered automatically on the machines, the data must follow the structure below:

{ghost_root}/{network}/{ghost_version}/{resolution}/{species}/{species_YYYYMM.nc}

Data locations

• Networks are saved under the ghost_root paths specified in the local key of 
settings/data_paths.yaml.

• Networks are retrieved from the ghost_root paths specified in the storage5 or mn5 key of 
settings/data_paths.yaml.

By default, for both MareNostrum5 and Storage5, the path is:

/gpfs/projects/bsc32/AC_cache/obs/ghost 

https://essd.copernicus.org/articles/16/4417/2024/


Download GHOST observational data 
from BSC HPC machines (BSC HPC users)

Steps to download GHOST observational data:

1. Include the network in your configuration file

You must include at least one network in your configuration file. 

If the configuration file contains only observation(s) and no model(s) there is no need to set the download mode, network 

data will be downloaded automatically.

2. Set the download mode

• Answer “both”/”obs” to the prompt:

• Which type of data do you want to download? Observational, modelled or both?

• Or set in the configuration file dl_mode to both or obs.

3. Set the observational data source

• Answer “y” to the prompt:

• Do you want to download observational data from the BSC remote machine? (Otherwise, GHOST observational 

data will be retrieved from Zenodo) 

• Or set in the configuration file dl_ghost_source to bsc.



Configuration file example

[BSC-GHOST]
network = EBAS
species = sconco3
resolution = hourly
start_date = 20180101
end_date = 20180201
dl_ghost_source = bsc



Download non-GHOST observational data 
from BSC HPC machines (BSC HPC users)

Non-GHOST observational networks are datasets that have not been processed.

Data structure

• In order to find the data in the machines it needs to be in this format:

{nonghost_root}/{institution}/{network}/{resolution}/{species}/{species_YYYYMM.nc}

Providentia knows if a network is non-GHOST if it has the format {institution}/{network}

Examples:

• eea/eionet
• xvpca/xvpca (sometimes the institution and network are the same)

Data locations

• Networks are saved under the nonghost_root paths specified in the local key of settings/data_paths.yaml.
• Networks are retrieved from the nonghost_root paths specified in the storage5 or mn5 key of settings/data_paths.yaml.

By default, for both MareNostrum5 and Storage5, the path is:

/gpfs/projects/bsc32/AC_cache/obs/ghost 



Download non-GHOST observational data 
from BSC HPC machines (BSC HPC users)

Steps to Download non-GHOST observational data:

1. Include the network in your configuration file

You must include at least one network in your configuration file. 

If the configuration file contains only observation(s) and no model(s) there is no need to set the 

download mode, network data will be downloaded automatically.

2. Set the download mode

• Answer “both”/”obs” to the prompt:

• Which type of data do you want to download? Observational, modelled or both?

• Or set dl_mode to both or obs.



Configuration file example

[BSC-NONGHOST]
network = nasa-aeronet/oneill_v3-lev15
species = od500aerocoarse
resolution = 3hourly
start_date = 20240901
end_date = 20241001



Download non-interpolated model data 
from BSC HPC machines (BSC HPC users)

Non-interpolated model data refers to model outputs that are ready to be interpolated against a network 
using interpolation mode. 

Most non-interpolated datasets are stored in esarchive/, although some may already exist in gpfs/.

Data structure

• To be discovered automatically on the machines, the data must follow the structure below:
• Standard non-interpolated models: 

{model_id}/{domain}/{resolution}/{species}/{species_YYYYMM[DD].nc}

• Ensemble-stats species non-interpolated models:

{model_id}/{domain}/{resolution}/ensemble-stats/{species}_{ensemble_stat}_an/

{species_YYYYMM[DD]_{ensemble_stat}_an.nc}



Download non-interpolated model data 
from BSC HPC machines (BSC HPC users)

Data locations

• Models are saved under the mod_to_interp_root path specified in the local key in 

settings/data_paths.yaml.

• Model data is retrieved from two possible locations in the following order:

1. interp_models.yaml

First, Providentia attempts to retrieve models from the paths specified in 

settings/interp_models.yaml.

2. data_paths.yaml

If the model is not found in settings/interp_models.yaml or in any of the paths defined there, 

the system retrieves it from the mod_to_interp_root path specified under the storage5 or 

mn5 keys in settings/data_paths.yaml. By default, for both mn5 and Storage5, the path 

is/gpfs/projects/bsc32/AC_cache/exp.



Download non-interpolated model data 
from BSC HPC machines (BSC HPC users)

Defining models in interp_models.yaml

The settings/interp_models.yaml file contains a dictionary of default relevant models grouped by type, which 

contains the list of model names and their possible storage paths.

If a model is located in one of the predefined paths (for example /esarchive/exp/monarch/), it only needs to 

be added to the corresponding model list.

If the model is stored elsewhere, you must define:

• The model type

• The model name

• The model storage directory, excluding the model name

For more details, see the official documentation:
https://providentia.readthedocs.io/en/latest/Interpolation.html#defining-models-in-interp-models-yaml

https://providentia.readthedocs.io/en/latest/Interpolation.html#defining-models-in-interp-models-yaml


Download non-interpolated model data 
from BSC HPC machines (BSC HPC users)

Steps to download non-interpolated model data:

1. Include the model in your configuration file

You must include at least one model in your configuration file. 

If the configuration file contains only model(s) and no observation(s) there is no need to set the download mode nor 

the interpolated mode, non-interpolated model data will be downloaded automatically.

2. Set the download mode

• Answer “both”/”mod” to the prompt:

• Which type of data do you want to download? Observational, modelled or both?

• Or set dl_mode to both or mod.

3. Indicate that you want non-interpolated data

• Answer “n” to the prompt:

• Model data was detected in the configuration file. Do you want to download the interpolated version? 

(Otherwise, the non-interpolated model data will be downloaded)

• Or set dl_interpolated to False.



Configuration file example

[BSC-EXPERIMENT]
model = cams61_emep_ph2-eu-000
species = sconco3
resolution = hourly
start_date = 20180101
end_date = 20180201



Download interpolated model data 
from BSC HPC machines (BSC HPC users)

An interpolated model consists of model output that have already been spatially interpolated to the 

observations.

Data structure

• To be discovered automatically on the machines, the data must follow the structure below:

{mod_root}/{ghost_version}/{model_id}-{domain}-{ensemble}/{resolution}/{species}/{network}/
{species_YYYYMM.nc}

Data locations

• Models are saved under the mod_root path specified in the local key of settings/data_paths.yaml.

• Models are retrieved from the mod_root path specified in the storage5 or mn5 key of 

settings/data_paths.yaml. By default, for both MareNostrum5 and Storage5, the path is 

/gpfs/projects/bsc32/AC_cache/recon/exp_interp.



Download interpolated model data 
from BSC HPC machines (BSC HPC users)

Steps to download interpolated model data:

1. Include the model in your configuration file

You must include at least one model and at least one network in your configuration file. 

2. Set the download mode

• Answer “both”/”mod” to the prompt:

• Which type of data do you want to download? Observational, modelled or both?

• Or set dl_mode to both or mod.

3. Indicate that you want interpolated data

• Answer “y” to the prompt:

• Model data was detected in the configuration file. Do you want to download the interpolated version? 

(Otherwise, the non-interpolated model data will be downloaded)

• Or set dl_interpolated to True.



Configuration file example

[BSC-GHOST-EXPERIMENT]
network = EBAS
species = sconco3
resolution = hourly
start_date = 20180101
end_date = 20180201
model = cams61_emep_ph2-eu-000
dl_interpolated = True
dl_mode = mod



GHOST Zenodo Download



Download GHOST observational data from Zenodo
GHOST observational networks uploaded to a Zenodo repositories.  An account is not required to use 
this feature.

Currently available versions are 1.5 and 1.5.1. To see the list of available networks, check the available 
networks section in the official documentation.

Data location

• The networks are saved under the ghost_root path specified in the local key of 
settings/data_paths.yaml.

For more details, see the official documentation:
https://providentia.readthedocs.io/en/latest/Zenodo-download.html

https://zenodo.org/search?q=parent.id%3A10637449&f=allversions%3Atrue&l=list&p=1&s=10&sort=version
https://zenodo.org/records/10637450
https://zenodo.org/records/15075961
https://providentia.readthedocs.io/en/latest/Zenodo-download.html#available-networks
https://providentia.readthedocs.io/en/latest/Zenodo-download.html#available-networks
https://providentia.readthedocs.io/en/latest/Zenodo-download.html


Download GHOST observational data from Zenodo
Steps to download GHOST observational data:

1. Include the network in your configuration file

You must include at least one network in your configuration. 

If the configuration file contains only observation(s) and no model(s) there is no need to set the download 

mode, network data will be downloaded automatically.

2. Set the download mode

• Answer “both”/”obs” to the prompt:

• Which type of data do you want to download? Observational, modelled or both?

• Or set dl_mode to both or obs.

3. Set the observational data source

• Answer “n” to the prompt:

• Do you want to download observational data from the BSC remote machine? (Otherwise, GHOST 

observational data will be retrieved from Zenodo) 

• Or set dl_ghost_source to zenodo.



Configuration file example

[ZENODO]
ghost_version = 1.5
network = EBAS-EUCAARI
species = pm10
resolution = daily
start_date = 200912
end_date = 201001
dl_ghost_source = zenodo



ACTRIS Download



Observational data can be downloaded from the ACTRIS framework through THREDDS. An account is not 

required to use this feature.

Species names are accepted using both the ACTRIS naming convention and the BSC naming convention.

Examples:

• sconco3 → ozone mass concentration

• sconcno3 → aerosol particle nitrate mass concentration

There is a total of 105 available species. Find the whole list here.

Data location

• The framework is saved under the nonghost_root path specified in the local key of 
settings/data_paths.yaml.

For more details, see the official documentation:

https://providentia.readthedocs.io/en/latest/ACTRIS-download.html

Download of ACTRIS network data from Thredds

https://thredds.nilu.no/thredds/catalog/catalog.html
https://providentia.readthedocs.io/en/latest/ACTRIS-download.html#available-variables
https://providentia.readthedocs.io/en/latest/ACTRIS-download.html


Download of ACTRIS network data from Thredds
Steps to download ACTRIS observational data:

1. Include the framework in your configuration file

You must include the actris/actris framework in your configuration file. 

If the configuration file contains only observation(s) and no model(s) there is no need to set the download 

mode, framework data will be downloaded automatically.

2. Set the download mode

• Answer “both”/”obs” to the prompt:

• Which type of data do you want to download? Observational, modelled or both?

• Or set dl_mode to both or obs.

3. Decide whether to update the Thredds filetrees

• Answer “y” or “n” to the prompt:

• File containing information of the files available in Thredds for {actris_parameter} ({info_path}) 

already exists. Do you want to update it?

• Or set dl_thredds_update to either “True” or “False”



Configuration file example

[ACTRIS]
framework = actris/actris
species = ozone mass concentration
resolution = hourly
start_date = 20180101
end_date = 20180201
dl_thredds_update = False



ADS CAMS Download



Download of non-interpolated model data from the 
Atmosphere Data Store (ADS)

Non-interpolated model output data provided by CAMS can be downloaded from the Atmosphere Data 

Store

An ECMWF account is required to use this feature. For a tutorial on how to create and set up your 

account, see the Account setup in Atmosphere Data Store page.

Data locations

• The framework is saved under the mod_to_interp_root path specified in the local key of 

settings/data_paths.yaml.

For more details, see the official documentation:

https://providentia.readthedocs.io/en/latest/CAMS-download.html

https://ads.atmosphere.copernicus.eu/datasets
https://ads.atmosphere.copernicus.eu/datasets
https://providentia.readthedocs.io/en/latest/ADS.html
https://providentia.readthedocs.io/en/latest/CAMS-download.html


Download of non-interpolated model data from the 
Atmosphere Data Store (ADS)

Steps to download CAMS model data:

1. Include one of the models in your configuration file

You must specify the model as cams_analysis, cams_forecast or cams_reanalysis in your configuration file. 

If the configuration file contains only observation(s) and no model(s) there is no need to set the download mode, network 

data will be downloaded automatically.

2. Set the download mode

• Answer “both”/”obs” to the prompt:

• Which type of data do you want to download? Observational, modelled or both?

• Or set dl_mode to both or mod.

3. Indicate that you want non-interpolated data

• Answer “n” to the prompt:

• Model data was detected in the configuration file. Do you want to download the interpolated version? (Otherwise, 

the non-interpolated model data will be downloaded)

• Or set dl_interpolated to False.



Configuration file example

[CAMS]
start_date = 20250701
end_date = 20250702
species = sconcno2
model = cams_analysis_dehm
domain = regional
resolution = hourly



esarchive/ to gpfs/ Transfer



Transfer from esarchive/ to gpfs/ (BSC users)

Providentia provides a functionality to automatically copy non-interpolated models from esarchive/ to 

gpfs/, making them available for interpolation on MN5.

Context

When working with non-interpolated models:

• Nord4 contains most of the non-interpolated data in esarchive/, but performing interpolation there 

is slow.

• MN5 is faster for interpolation, but esarchive/ is not mounted, so the data is not directly accessible.

Data location

• The copied model is stored in the directory specified in settings/data_paths.yaml under the 

exp_to_interp_root path for the machine.

• The original location of the model in esarchive/ must be specified in settings/interp_models.yaml.



Transfer from esarchive/ to gpfs/ (BSC users)
Steps to transfer non-interpolated model data from esarchive/ to gpfs/:

1. Connect to BSC storage5 or Nord4

Connect via SSH to storage5 or Nord4. Then go to the path where you have your Providentia repository cloned.

2. Include the model in your configuration file

You must include at least one model in your configuration file.

If the configuration file contains only model(s) and no observation(s) there is no need to set the download mode, model data will be 

downloaded automatically.

3. Set the download mode

• Answer “both”/”mod” to the prompt:

• Which type of data do you want to download? Observational, modelled or both?

• Or set dl_mode to both or mod.

4. Indicate that you want non-interpolated data

• Answer “n” to the prompt:

• Model data was detected in the configuration file. Do you want to download the interpolated version? (Otherwise, the 

non-interpolated model data will be downloaded)

• Or set dl_interpolated to False.     



Example of a configuration file with wildcardsYou can use the * wildcard in the following fields to 

automatically select all available values:

Use of wildcards

[WILDCARD]
network = EBAS
species = sconco3, sconcno2
resolution = hourly
start_date = *
end_date = *
model = cams61_emep_ph2-eu-000

network, observation, framework

model, models, experiments, experiment

species

resolution

start_date

end_date

For more details, see the official documentation:

https://providentia.readthedocs.io/en/latest/Download-mode.html#using-wildcards

https://providentia.readthedocs.io/en/latest/Download-mode.html#using-wildcards


New configuration field: model_resolution

Models and observations may have different native temporal resolutions.

In Providentia, interpolation between model data and observations includes:

• Upsampling → duplicates temporal steps

• Downsampling → cuts or aggregates temporal steps

Now the data download and interpolation processes can be performed using the same configuration file.

[PRV_sconco3_CHIMERE]
network = EBAS
species = sconco3
resolution = daily
start_date = 20180101
end_date = 20180601
model = cams61_chimere_ph2-eu-000 (CHIMERE)
model_resolution = hourly

For more details, see the official documentation:

https://providentia.readthedocs.io/en/latest/Download-mode.html#model-resolution

https://providentia.readthedocs.io/en/latest/Download-mode.html#model-resolution


BREAK
15 minutes



Download practical



Download practical (BSC HPC users)
1. Download hourly ozone and nitrogen dioxide for the following non-interpolated models from the BSC HPC 

machines located in /esarchive/exp/monarch/, for January - February 2023: 

○ a59j-regional-006

○ a59g-regional-000

Use the GHOST standards file to identify the “bsc_parameter_name” equivalent for ozone and nitrogen dioxide.

2. Download ozone and nitrogen dioxide for the observational European EEA network in hourly and daily 

resolutions from the BSC HPC machines using GHOST version 1.6 for January - February 2023.

3. Combine the two configuration files and automate the download so that questions do not appear. Do not 

overwrite existing files. Help can be found here: 

Automation of the download

4. Download observational ozone again from the European EEA network from the BSC HPC machines using GHOST 

version 1.6 for January - February 2023 for all available resolutions. Use wildcards as described here: 

Using wildcards

https://github.com/BSC-ES/providentia/blob/master/providentia/dependencies/GHOST_standards/1.6/GHOST_standards.py
https://providentia.readthedocs.io/en/latest/Download-mode.html#automation-of-the-download
https://providentia.readthedocs.io/en/latest/Download-mode.html#using-wildcards


Useful configuration fields
ghost_version

network

species

resolution

start_date

end_date

model

model_resolution

dl_overwrite

dl_ghost_source

dl_interpolated

dl_mode

dl_thredds_update



Download practical (Outsiders)
1. Check your data_paths.yaml

• Go to your settings/data_paths.yaml file and verify where the local data paths are defined.

2. Download the data

• Go to the shared folder. Click Download all to download the complete dataset.

3. Copy the zip file to the correct directory

• Once the download finishes: Move or copy the files into the path settings/data_paths.yaml indicates.

• If you did not change the path copy it to your home directory.

4. Unzip the files

• Unzip the downloaded files inside the correct directories:

https://drive.google.com/drive/folders/1n9N2PUUPiCITHVmX5qQ1nqZv1VIsVC3w?usp=sharing


Exercise 1

[DL1]
model = a59g-regional-000, 
a59j-regional-006
species = sconco3, sconcno2
resolution = hourly
start_date = 20230101
end_date = 20230201

Download hourly ozone and nitrogen dioxide for 

the following non-interpolated models from the 

BSC HPC machines located in 

/esarchive/exp/monarch/, for January - February 

2023: 

○ a59j-regional-006

○ a59g-regional-000



Exercise 2

[DL2]
ghost_version = 1.6
network = EEA
species = sconco3, sconcno2
resolution = hourly, daily
start_date = 20230101
end_date = 20230201

Download ozone and nitrogen dioxide for the 

observational European EEA network in 

hourly and daily resolutions from the BSC 

HPC machines using GHOST version 1.6 for 

January - February 2023.



Exercise 3

[DL3]
ghost_version = 1.6
network = EEA
species = sconco3, sconcno2
resolution = hourly, daily
start_date = 20230101
end_date = 20230201
model = a59g-regional-000, a59j-regional-006
dl_mode = both
dl_interpolated = false
dl_ghost_source = bsc
dl_overwrite = true

Combine the two configuration files and 

automate the download so that 

questions do not appear. Do not 

overwrite existing files.



Exercise 4

[DL4]
ghost_version = 1.6
network = EEA
species = sconco3, sconcno2
resolution = *
start_date = 20230101
end_date = 20230201

Download observational ozone again from 

the European EEA network from the BSC HPC 

machines using GHOST version 1.6 for 

January - February 2023 for all available 

resolutions. Use wildcards.



Interpolation



What does interpolation do?

Providentia makes use of in-situ observations from specific measurement stations, at fixed locations.

When you have model data, its output is typically provided on a regular model grid at a fixed 

resolution.

Interpolation in Providentia refers to the mathematical process of estimating the model variable at the 

exact location of an observational station.



Inverse distance weighted interpolation

Weights 

½, ⅕, ⅕, ⅒
= 0.5, 0.2, 0.2, 0.1

Weighted average = 14.1 ppb

Nearest neighbour = 20 ppb

For 4 closest neighbours (default):

5

52

10

10 ppb 5 ppb

20 ppb 8 ppb

Inverse Distance Weighted interpolation estimates the value at an observational station by averaging 

model data in N closest neighbour grid cells, giving higher weight to grid cells that are closer.

N neighbours can be set via interp_n_neighbours = N in the configuration file. The default is 4.



Setting path for model data to interpolate
On local machines the path where the model data used for interpolation is defined in 

settings/data_paths.yaml as mod_to_interp_root. As long as this is set, nothing more is needed.

On BSC HPC machines, models can be stored in a variety of different locations, therefore a separate file 

exists which stores information for the different paths where models can be found:  

settings/interp_models.yaml. In this file the specific model ID is needed to be set under a specific path 

grouping, e.g. “monarch”. If the model ID is not set there, the path for mod_to_interp_root in 

settings/data_paths.yaml will be secondarily checked. See here for more information. 

"monarch": {
     "models": [ "a005"],
     "paths": [
         "/esarchive/exp/monarch/"
     ]
}

settings/interp_models.yaml

local:
    mod_to_interp_root:           
        ~/data/providentia/mod_to_interp

settings/data_paths.yaml

https://providentia.readthedocs.io/en/latest/Interpolation.html#model-data-hpc-specific


Mismatching observational and model 
temporal resolutions

Model simulations are sometimes run at temporal resolutions that don’t match the resolution of observations. Providentia 

currently needs matching temporal resolutions for model evaluation, therefore work is needed to be done to match these.

If no information is given about the mismatching resolutions, Providentia attempts to handle this automatically for you. In all 

cases it is the model resolution that is adjusted to match the observational resolution, which is taken to be fixed via the 

resolution argument.

Providentia goes through the following operations to match the model resolution to the observational resolution:

1. Firstly, it is checked if a model resolution matches the observational resolution. If so, model data is taken as is.

2. Next, it is checked if a finer model resolution exists than the observational resolution. Model downsampling is used if so. 

3. Finally, it is checked if a coarser model resolution exists than the observational resolution. Model upsampling is used if so.

The model_resolution variable can be used to explicitly tell Providentia which resolution model data to use.



Downsampling model resolution
If we have a model resolution that is finer than our observational resolution, this can be handled via an 

operation called downsampling. This is as simple as averaging the finer model resolution to a coarser 

resolution. 

This can be set via interp_model_downsampling = [option] in the configuration file, with the two valid 

options being mean and median. The default is mean.

Hourly Daily

mean



Upsampling model resolution

If we have a model resolution that is coarser than our observational resolution, this can be handled via an 

operation called upsampling.

This can be set via interp_model_upsampling = [option] in the configuration file, with the two valid options 

being fill and gaps. The default is fill. 

 

3Hourly
fill

Hourly

gaps



Forecast interpolation
There are various kinds of model data which can be handled by Providentia, including free-running, diagnostic, analysis, 

reanalysis and forecast output.

Forecast models predict the state of the atmosphere in the near future, most typically on the scale of days. One issue 

with forecast data is that it comes in a different format to most other kinds of model data, with data per day for the 

subsequent N days. 

For the interpolation to handle forecast data correctly, a valid option for the forecast field must be set in the 

configuration file, these are:

forecast = day, dayN, daily, dailyN, combined   

If the forecast field is not set then, then only first day of the forecast is interpolated and is subsequently treated as 

non-forecast data.  

 



Mapping species

Sometimes the component provided in the observations does not exactly match the component given in a model. For 

example a model may provide information in 4D (e.g. time, lon, lat, alt), whereas in the observations it may be given in 3D 

(e.g. time, lon, lat). For these cases Providentia provides some allowance so that data can be mapped together. 

This information can be set in settings/mapping_species.yaml, with the syntax for doing so being: 

[observational component]

-  [model component] 

The typical use cases for mapping are:

1. 3D observational component to 4D model component. This can be either be through an

additional vertical dimension in the model,  e.g. sconco3 : vmro3 ; or an additional binned 

dimension in the model, e.g. vconcaerobin1 : loaddu 

2. Observational component to fractional model component, e.g. pm10 : pm10du

settings/mapping_species.yaml

sconco3
- vmro3

vconcaerobin1
- loaddu

pm10
- pm10du



Interpolation parallelisation

When run locally, the interpolation runs in parallel using the Python multiprocessing package, 

with the number of cpus used determined automatically based on system load.

On BSC machines, the interpolation runs in parallel by default via the Greasy package, designed 

to handle very large submissions of interpolation jobs. 

If you wish to use the multiprocessing package rather than Greasy on BSC machines, simply add 

interp_multiprocessing=True to your configuration file. 



Other Interpolation configuration options

Variable Purpose

interp_reverse_vertical_orientation
Reverse vertical order of model levels. Used when vertical grid 
erroneously reversed.

interp_chunk_size
Minimum number of jobs per interpolation chunk. Used for Greasy 
jobs.

interp_job_array_limit Maximum number of chunks in the job array. Used for Greasy Jobs.

interp_multiprocessing
Use multiprocessing parallelisation instead of Greasy on HPC 
systems.

interp_spinup_timesteps
Number of initial model timesteps skipped to account for model 
spin-up.

network_type
Determines whether to use all GHOST or all non-GHOST networks 
when the network field uses the * wildcard.

model_resolution Specific model resolution to interpolate.



Run interpolation
If --interp, --interpolate or --interpolation is added as a launch option together with the 

mandatory configuration file on the command line, the interpolation will begin:

./bin/providentia --conf=configuration_name.conf --interp

[A005]
start_date = 20180101
end_date = 20190101
resolution = hourly
species = sconco3
network = EBAS
models = cams61_chimere_ph2-eu-000 (CHIMERE)

configurations/configuration_name.conf
Note: 

Each interpolation job covers one full month, thus for the 

given start_date and end_date only YYYYMM is 

considered, DD will be ignored. 



Output Logs

When running the interpolation locally, information will be output in realtime to the command line as it goes 

on. Other logs will be generated in multiple different folders inside the logs/interpolation folder:

├── management_logs/   Informs on the output of the overall interpolation. Go here first.

├── interpolation_logs/   Stores output information of individual interpolations.

├── submission_logs/      Gives information on the slurm and Greasy submissions to the HPC machines (BSC           

                                                users).



Interpolation
practical



Interpolation practical
1. Perform a model interpolation for hourly ozone of a59j-regional-006 model in                         

January - February 2023, against the European EEA network, using GHOST version 1.6.

2. Perform a forecast model interpolation for hourly ozone and nitrogen dioxide of both 

a59j-regional-006 and a59g-regional-000 models in January - February 2023, against the 

European EEA network, using GHOST version 1.6, using 8 nearest neighbours.

3. Perform a forecast model interpolation for daily nitrogen dioxide of the 

a59g-regional-000 model in January - February 2023, against the European EEA network, 

using GHOST version 1.6, using 12 nearest neighbours, downsampling the model using 

the median.



Useful configuration fields
ghost_version

network

species

resolution

start_date

end_date

model

forecast

interp_n_neighbours

 Interp_model_downsampling

    interp_model_upsampling

model_resolution

interp_spinup_timesteps



Exercise 1

[INTERP1]
ghost_version = 1.6
network = EEA
species = sconco3
resolution = hourly
start_date = 202301
end_date = 202302
model = a59j-regional-006

Model interpolation for hourly ozone of 

a59j-regional-006 model in January - February 2023, 

against the European EEA network, using GHOST version 

1.6.



Exercise 2

Forecast model interpolation for hourly ozone and nitrogen 

dioxide of both a59j-regional-006 and a59g-regional-000 

models in January - February 2023, against the European 

EEA network, using GHOST version 1.6, using 8 nearest 

neighbours.

[INTERP2]
ghost_version = 1.6
network = EEA
species = sconco3, sconcno2
resolution = hourly
start_date = 20230101
end_date = 20230201
model = a59j-regional-006, a59g-regional-000
forecast = day
interp_n_neighbours = 8 



Exercise 3

Forecast model interpolation for daily nitrogen dioxide 

of the a59g-regional-000 model in January - February 

2023, against the European EEA network, using GHOST 

version 1.6, using 12 nearest neighbours, downsampling 

the model using the median.

[INTERP3]
ghost_version = 1.6
network = EEA
species = sconcno2
resolution = daily
start_date = 20230101
end_date = 20230201
model = a59g-regional-000
forecast = day
interp_n_neighbours = 12  
interp_model_downsampling = median
model_resolution = hourly 



Thank you for 
your attention!

More information at: 
https://github.com/bsc-es/providentia

Join the #providentia Slack channel!

paula.serrano@bsc.es | alba.vilanova@bsc.es  | dene.bowdalo@bsc.es 

https://github.com/bsc-es/providentia
mailto:paula.serrano@bsc.es
mailto:alba.vilanova@bsc.es
mailto:dene.bowdalo@bsc.es

