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1. Introduction 
The SEED-FD prototype Hydrological Forecast Modelling Chain (HFMC) is an adapted version 
of the Copernicus Emergency Management Service (CEMS) operational HFMC, enhanced to 
incorporate the data processing workflows, model developments, and new products developed 
within the SEED-FD project. It has provided the framework for generating results for the 
SEED-FD proof-of-concept and case studies. This includes running the prototype for the 
SEED-FD development basins: Bhima and Danube, as well as the validation basins: Niger, 
Parana, Juba-Shebelle and Global use cases. 
 
The Use Cases described in Deliverable D5.4 (this report) were designed to ensure all 
SEED-FD case study basins were covered by the initial prototype runs. The design resulted 
from strong collaboration between Work package 6 and the technical work packages 2-4, aimed 
at a first implementation of the proof-of-concept innovations developed during the first phase of 
the project. 
 
This report provides an overview of the use case data (version 1) generated by the SEED-FD 
prototype, including their locations and a summary of their contents. Note the datasets are 
prototype and experimental data expected to change within the course of the project and must 
be used with caution 

2. Scope of this deliverable  
This report presents an overview of the first case study datasets generated in SEED-FD. It 
provides details of how the data was generated, what is included in each of the datasets, how 
the data is structured and where to find it. There is also information about improvements made 
to the prototype to optimize running for the case studies. 

The use case data sets generated provide a proof of concept for the scientific developments 
being implemented in SEED-FD, and can be used to validate the developments and identify 
areas of possible improvement. The format, metadata etc used for the data sets are subject to 
change. 

3. Work performed in this deliverable  
The prototype version 1 as described in Deliverable D5.1 was configured to run for a selection 
of case studies, with eight independent and complementary developments implemented to 
create the first use case datasets: 
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Methodological development Products development 

Enhanced hydrological simulation and 
forecasting through integration of EO and 
non-EO data via data assimilation (WP2 
Task 2.2) 

Medium-range global flash flood forecast 
product (WP4 Task 4.2)  

Improved reservoir operation 
representation in LISFLOOD-OS (WP3 
Task 3.2) 

Medium-range global flash drought 
forecast product (WP4 Task 4.2) 

Incorporation of wetlands into 
LISFLOOD-OS (WP3 Task 3.3) 

Sub-seasonal to seasonal drought outlook 
product (WP4 Task 4.3) 

Improved hydrological extreme event 
prediction (WP4 Task 4.1) 

Integration of forecasts in drought event 
tracking (WP4 Task 4.4) 

 
All data generated are stored in the SEED-FD Data Hub, organised in separate directories for 
each development. Each development directory contains a Readme file describing the contents 
of the data. The datasets have also been made available publicly with details of how to access 
the data described in section 3.9. Below we describe each of the case study datasets generated 
for this deliverable. 
Most methodological developments involved modifying the CEMS HFMC processing suite within 
the SEED-FD prototypes and modifying the hydrological model used in the CEMS HFMC 
(LISFLOOD-OS, developed and maintained by the JRC).  
 

3.1.​Enhanced hydrological simulation and forecasting through 
integration of EO and non-EO data via Data Assimilation   
To improve hydrological state estimation and short- to medium-range forecast skill, a data 
assimilation (DA) module based on an Ensemble Kalman Filter (EnKF) has been implemented 
within the SEED-FD long-term run suite (reanalysis suite) in daily ensemble mode.​
The DA system corrects the hydrological model states prior to each daily LISFLOOD-OS 
ensemble run by assimilating in-situ or remote-sensed discharge or water-level observations, 
accounting for model and forcing uncertainties through ensemble perturbations. 

The implementation is integrated into the prototype SEED-FD HFMC and operates sequentially 
on a daily time step, enabling continuous state updating over extended simulation periods. 
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3.1.1.​Setting up the prototype 

Prototype configuration and workflow 
The data assimilation prototype relies on the following SEED-FD components: 

●​ the SEED-FD Data Hub for optional archiving of DA outputs and ensemble runs, 
●​ the SEED-FD daily ensemble LISFLOOD-OS suite (modified reanalysis suite), 
●​ a set of Python-based DA and perturbation scripts, 
●​ ecFlow/pyflow orchestration for runtime control and scheduling. 

The daily DA workflow is orchestrated by the SEED-FD ensemble suite and consists of the 
following steps for each simulation day: 

1.​ Optional data assimilation step, where model states from the previous day and 
parameters (optional) are updated using available discharge/water level observations. 

2.​ Generation of ensemble perturbations, including: 
○​ precipitation perturbations applied to daily forcing fields, 
○​ static perturbations of selected spatial parameter maps (one-shot at initial time 

step). 
3.​ Daily LISFLOOD-OS ensemble run, using either the analysed states (when DA is active) 

or the background states. 
4.​ Optional archiving of DA outputs, ensemble forcings and model results to the Data Hub. 
5.​ Housekeeping, removing intermediate files to limit storage usage in operational mode. 

The activation of the DA step is controlled through YAML configuration files and runtime 
variables, allowing the same suite to be executed with or without assimilation. 

Assimilation inputs 
The DA system is configured through YAML files specifying: 

●​ control variables (those corrected through data assimilation), 
●​ observation file, 
●​ ensemble size, 
●​ localization settings (optional), 
●​ anomaly-based assimilation files (optional). 

Discharge/water level anomaly observations are read from a SQLite database, filtered 
automatically to match the assimilation date.​
Model grid information (latitude/longitude and masks) is inferred from static NetCDF assets. 

The EnKF implementation supports spatial localisation through externally provided NetCDF 
localisation matrices. 
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Assimilation outputs 
All outputs produced by the DA-enabled daily ensemble workflow follow a standardised 
directory structure. Suite outputs consist of: 

●​ Analysed states (DA outputs) - Updated model states produced by the DA. For state 
variables not updated by the DA, symbolic links are automatically created from the 
background state to ensure a complete initial condition for the subsequent 
LISFLOOD-OS run. 

●​ SEED-FD daily ensemble outputs - Daily ensemble simulation outputs which include a 
member-specific LISFLOOD-OS configuration file and NetCDF output files (e.g. 
discharge, water depth). 

●​ Perturbed forcing datasets - Daily precipitation perturbations applied to each ensemble 
member. They are generated prior to the daily model run and represent stochastic 
realisations of precipitation uncertainty. 

●​ Perturbed static maps - Static spatial perturbations (e.g. channel parameters) are 
optionally generated once per ensemble member. 

Outputs from the prototype suite have been post-processed and saved in the SEED-FD Data 
Hub. These case study outputs are described in section 3.1.2. 

Archiving and data management 

When enabled, the prototype automatically archives selected outputs to the SEED-FD Data 
Hub, including: 

●​ Analysed states (updated_states), 
●​ Daily LISFLOOD-OS ensemble outputs, 
●​ Perturbed forcing datasets. 

To limit disk usage during extended daily simulations, the suite applies systematic 
housekeeping, removing intermediate runtime directories after archiving. 

 

3.1.2.​Dataset Structure and Contents 
A data assimilation experiment was conducted using the Ensemble Kalman Filter (EnKF) 
implemented in the developed data assimilation (DA) module and applied to in situ river 
discharge observations produced within WP1. 
The experiment focused on two river basins: the Juba–Shabelle and the Niger. The chosen 
periods were 2006 for the Juba–Shabelle basin and 2010 for the Niger basin. These years were 
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selected respectively as major flood events were recorded in those areas during these periods 
(Molodtsova et al 2016 [1], Casse and Gosset 2015 [2]). 
 
The hydrological simulations were performed using an ensemble of 25 members, each 
representing a perturbed realization of the model state. At each assimilation step, the EnKF was 
used to update the modelled river discharge by assimilating the available in situ observations. 
 
No spatial localization was applied during the assimilation process, therefore updates from 
observations were allowed to influence the full model state according to the ensemble-derived 
error covariances. 
 
The assimilated in-situ stations were: 
 

Juba Shabelle (lat (°N), lon (°E)) Niger (lat (°N), lon (°E)) 

Luuq (lat: 3.75, lon: 42.55) 
Bardheere (lat: 2.35, lon: 42.25) 
Beletweyne (lat: 4.72, lon: 45.25) 
Bulo Burti (lat: 3.85, lon: 45.55) 
Erwaso Ngiro 5Bc04 (lat: 0.089, lon: 36.90) 
Ewaso Narok 5Ac10 (lat: 0.44, lon: 36.73) 
Afgoove (lat: 2.14, lon: 45.12) 
Audegle (lat: 1.98, lon: 44.83) 

Niamey (lat: 13.52, lon: 2.08) 

 
The assimilation procedure includes an open-loop ensemble simulation used as a reference and 
an analysed ensemble obtained after assimilation. Both simulations produce daily ensemble 
gridded discharge data, from which ensemble mean, median, and standard deviation were 
computed and stored as gridded NetCDF files. 
All outputs for the assimilation experiment are saved in the SEED-FD Data Hub in 
DataHub:case_study_datasets/data_assimilation. 
 
Assimilation products 

The assimilated outputs produced correspond to two gridded datasets stored in NetCDF format: 

-​ ensemble_discharge_juba_shabelle.nc, covering the Juba-Shabelle river basin. 
-​ ensemble_discharge_niger.nc, covering the Niger river basin. 

Both datasets have an identical spatial and structural configuration and contain the 
ensemble-based daily mean, median and standard deviation of the river discharge analysis (in 
m3/s). 

Each NetCDF file is organized along three dimensions: time, latitude and longitude. 
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-​ time (datetime64[ns]): 363 daily tile steps covering the respective study year (2006 for 

Juba Shabelle, 2010 for Niger). These years were selected according to major flood 
events recorded in those years for the mentioned basins. 

-​ lat (float64): 393 latitude grid points for the Niger and 208 latitude grid points for the 
Juba Shabelle. 

-​ lon (float64): 549 longitude grid points for the Niger and 198 longitude points for the 
Juba Shabelle. 

Each dataset includes three variables, all defined on the same (time, lat, lon) grid: 

-​ dis_mean (float64): Ensemble mean river discharge at each grid cell and time step. 
-​ dis_median (float64): Ensemble median river discharge at each grid cell and time step. 
-​ dis_std (float64): Ensemble standard deviation of river discharge at each grid cell and 

time step. 

All discharge statistics are stored as three-dimensional arrays with dimensions (time, latitude 
and longitude).  

<xarray.Dataset> Size: 2GB 
Dimensions:     (time: 363, lat: 393, lon: 549) 
Coordinates: 
  * time        (time) datetime64[ns] 3kB 2010-01-02 2010-01-03 ... 
2010-12-30 
  * lat         (lat) float64 3kB 23.92 23.88 23.83 23.78 ... 4.425 
4.375 4.325 
  * lon         (lon) float64 4kB -11.58 -11.53 -11.47 ... 15.72 
15.77 15.82 
Data variables: 
    dis_mean    (time, lat, lon) float64 627MB  
    dis_median  (time, lat, lon) float64 627MB  
    dis_std     (time, lat, lon) float64 627MB  
Attributes: 
    settingsfile: 
/etc/ecmwf/nfs/dh1_10_perm_b/ecme8004/glofas/longflow_g... 
    date_created:     Fri Jan  9 09:48:49 2026 
    Source_Software:  Lisflood OS v4.3.1 
    institution:      European Commission DG Joint Research Centre 
(JRC) - E1... 
    creator_name:     Osvaldo Luis Barresi, Malak Sadki, Vanessa 
Pedinotti 
    source:           Lisflood output maps 
    keywords:         Lisflood, EFAS, GLOFAS 
    Conventions:      CF-1.6 
    description:      Ensemble statistics (mean, median, std) from 
25 members 
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Figure 1. Dataset structure output example for the Niger River Basin. Information extracted 
using the xarray Python package. 

Open Loop products 

The open loop products correspond to two gridded datasets stored in NetCDF format: 

-​ openloop_discharge_juba_shabelle.nc, covering the Juba Shabelle basin. 
-​ openloop_discharge_niger.nc, covering the Niger basin. 

Both datasets have an identical spatial and structural configuration and contain the 
ensemble-based daily mean, median and standard deviation of the river discharge with no 
assimilation. 

The structure of the NetCDFs are identical as the Assimilation products, with the daily mean, 
median and standard deviation statistics computed. 

<xarray.Dataset> Size: 2GB 
Dimensions:     (time: 364, lat: 393, lon: 549) 
Coordinates: 
  * time        (time) datetime64[ns] 3kB 2010-01-02 2010-01-03 ... 
2010-12-31 
  * lat         (lat) float64 3kB 23.92 23.88 23.83 23.78 ... 4.425 
4.375 4.325 
  * lon         (lon) float64 4kB -11.58 -11.53 -11.47 ... 15.72 
15.77 15.82 
Data variables: 
    dis_mean    (time, lat, lon) float64 628MB  
    dis_median  (time, lat, lon) float64 628MB  
    dis_std     (time, lat, lon) float64 628MB  
 
Attributes: 
    settingsfile:     
/etc/ecmwf/nfs/dh1_10_perm_b/ecme8004/glofas/longflow_g... 
    date_created:     Mon Dec 15 08:35:36 2025 
    Source_Software:  Lisflood OS v4.3.1 
    institution:      European Commission DG Joint Research Centre 
(JRC) - E1... 
    creator_name:     Osvaldo Luis Barresi, Malak Sadki, Vanessa 
Pedinotti 
    source:           Lisflood output maps 
    keywords:         Lisflood, EFAS, GLOFAS 
    Conventions:      CF-1.6 
    description:      Open Loop Statistics (mean, median, std) from 
25 members 
    processing_date:  2026-01-30 11:24:21 
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Figure 2. The structure of the NetCDF for the Niger Basin for the open loop products. 
Information extracted using the xarray Python package. 

Observed Products 

As mentioned in section 3.1.1, the observation database corresponds to a SQL database that 
includes the observations table. The SQL databases are: 

-​ juba_discharge_obs.sql, which contains the observations for the mentioned stations 
across the Juba Shabelle basin. 

-​ niger_discharge_obs_station_1007.sql, which contains the observations for the Niamey 
station in the Niger basin. 

The structure of the observations table is as follows: 

  - date (TEXT) 
  - lat (INTEGER) 
  - lon (INTEGER) 
  - variable (TEXT) 
  - value (REAL) 
  - uncertainty (REAL) 

The date column is structured in <YYYY-mm-dd> format. The lat and lon columns correspond to 
the IDs or lisflood pixel coordinates. The variable corresponds to the assimilated state name, in 
this case discharge (named as dis). The value column corresponds to the observed discharge 
for that specific location. Finally the uncertainty, corresponding to the observation error. 

3.2.​Improved reservoir operation representation in 
LISFLOOD-OS 

Reservoirs in standard CWatM (Community Water Model developed and maintained by IIASA) 
and in LISFLOOD-OS are managed with four release levels that depend on relative storage, 
resulting in relatively steady flow. Reservoirs are represented as point features along the river 
network. Although LISFLOOD-OS does not incorporate explicit operational rules for reservoirs, 
it replicates this behavior through a rule-based approach that governs reservoir outflow based 
on the reservoir's current level. A new release strategy is implemented, in which the entire initial 
storage is released evenly over N days (Smilovic et al., 2026, in preparation). Report 
SEED-FD-RP-020-IIA describes the algorithms and results. 

3.2.1.​Setting up the prototype 
To implement the improved reservoir operation representation in the prototype, we made use of 
the following SEED-FD prototype components: 
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●​ the SEED-FD Data Hub for input and output data, 
●​ the lisflood-code and lisflood-utilities GitHub repositories, 
●​ suite builder for SEED-FD long-term runs. 

Before running the LISFLOOD-OS model via the prototype SEED-FD suite, input data for each 
of the case study basins was required. For the reservoir case studies, the Danube, Bhima and 
Parana basins were tested. The following input datasets were prepared in work-package 3 and 
made available in the SEED-FD Data Hub in the directory DataHub:WP3/regions/<danube, 
parana, bhima>_3arc: 

●​ GloFAS v4 static maps clipped to each of the study basins, 
●​ ERA5 forcings clipped to each of the study basins, 
●​ LISFLOOD-OS settings files. 

The long-term run suite (reanalysis suite) was configured to run with these inputs, with dates 
and basin name chosen via the suite run script [3]. Additional LISFLOOD-OS inputs were 
generated by the suite, running a pre-run for the years 1979-2019, with the final model runs 
covering the years 1990-2019. On deployment, the ‘SET_RESERVOIR_RELEASE’ option was 
set via the suite run script, which automatically updates the LISFLOOD-OS settings file. Model 
output was generated for each of the basins and results saved in the Data Hub. The suite was 
run for each basin with and without the reservoir improvements. A description of the output 
structure can be found in the next section. 

3.2.2.​Dataset Structure and Contents 
Use case data for the improved reservoir operation representation are stored in: 
DataHub:case_study_datasets/reservoirs 
 
Directory Organisation 
Sub-directories for each of the study basins are stored within the reservoirs directory, labelled: 
danube, parana, bhima. 
Within each of these directories is a directory for original model output and for the model output 
with reservoir improvements. These are labelled model_out and model_out_res respectively. 
Both of these directories contain a single NetCDF file containing the discharge output from 
LISFLOOD-OS. 
 
File naming convention 
The output files for discharge are all named dis.nc 
 
Dataset structure 
One NetCDF is produced per model run. Each file includes the daily discharge output for the 
given basin. 
 

netcdf dis { 
dimensions: 
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        lon = 440 ; 
        lat = 200 ; 
        time = 10957 ; 
variables: 
        double lon(lon) ; 
                lon:standard_name = "longitude" ; 
                lon:long_name = "longitude" ; 
                lon:units = "degrees_east" ; 
        double lat(lat) ; 
                lat:long_name = "latitude" ; 
                lat:units = "degrees_north" ; 
                lat:standard_name = "latitude" ; 
        double time(time) ; 
                time:standard_name = "time" ; 
                time:calendar = "proleptic_gregorian" ; 
                time:units = "days since 1979-01-02 00:00:00.0" ; 
        double dis(time, lat, lon) ; 
                dis:_FillValue = -9999. ; 
                dis:standard_name = "DischargeMaps" ; 
                dis:long_name = "ChanQAvg" ; 
                dis:units = "m3/s" ; 
 
// global attributes: 
                :settingsfile = 
"\\\\pdrive\\share\\link\\burek.pdrv\\watmodel\\Lisflood\\regions\\
danube_3arc\\settings\\danube2_res.xml" ; 
                :date_created = "Thu Jan 15 17:38:38 2026" ; 
                :Source_Software = "Lisflood OS v4.3.1" ; 
                :institution = "European Commission DG Joint 
Research Centre (JRC) - E1, D2 Units" ; 
                :creator_name = "Ad de Roo, Emiliano Gelati, Peter 
Burek, Johan van der Knijff, Niko Wanders" ; 
                :source = "Lisflood output maps" ; 
                :keywords = "Lisflood, EFAS, GLOFAS" ; 
                :Conventions = "CF-1.6" ; 

Figure 3. Example contents of the discharge model output files from LISFLOOD-OS. Header 
information from ncdump. 
 
Coordinates: 

●​ lon 
○​ Longitude coordinates of each grid cell of 0.05 deg grid, covering the extent of 

the given basin 
●​ lat: 

○​ Latitude coordinates of each grid cell of 0.05 deg grid, covering the extent of the 
given basin 

●​ time: 
○​ Day of the reanalysis (units are days since 1979-01-02 00:00:00) 
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​  
Variables: 

●​ dis (time, lat, lon) 
○​ Discharge value in units of m3s-1 for the given grid-cell on the given day. 

 

3.3.​Incorporation of wetlands into LISFLOOD-OS 
In LISFLOOD-OS lake retention is modeled as flood retention with horizontal water level. The 
equation is solved analytically with the Modified Puls. For LISFLOOD-OS, we add a new 
feature, “wetlands,” to the existing lakes and reservoirs. The coding for the wetland is in the 
lisflood-code repository in hydrological_modules/lakes.py, with changes to how lakefactor and 
Qout are calculated (only for wetlands). Wetlands are initialized in the same way as lakes, either 
from a previous run or from a steady state. 

3.3.1.​Setting up the prototype 
To set up the prototype for incorporation of wetlands into LISFLOOD-OS we were able to reuse 
many of the components used for the reservoir improvements (see section 3.2.1). In the case of 
wetlands we ran for the case study regions Niger and Parana. Input datasets were again 
prepared in work-package 3 and are stored in the Data Hub in DataHub:WP3/regions/<nigerall, 
parana>_3arc. 
The long-term run suite was deployed using the same years as for the reservoir improvement, 
this time using the ‘SET_SIMULATEWETLANDS’ option. The model output structure is 
described in the next section.  

3.3.2.​Dataset Structure and Contents 
Use case data for the wetlands addition are stored in: 
DataHub:case_study_datasets/wetlands 
 
Directory Organisation 
Sub-directories for each of the study basins are stored within the reservoirs directory, labelled: 
niger, parana. 
Within each of these directories is a directory for original model output and for the model output 
with reservoir improvements. These are labelled model_out and model_out_wet respectively. 
Both of these directories contain a single NetCDF file containing the discharge output from 
LISFLOOD-OS. 
 
File naming convention 
The output files for discharge are all named dis.nc 
 
Dataset structure 
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The output NetCDFs for the wetlands are of the same format as for the reservoirs, described in 
section 3.2.2. 
 
 

3.4.​Improved hydrological extreme event prediction 
The methodological developments designed to improve the hydrological extreme event 
predictions were implemented over three curated datasets containing post-processed GloFAS 
v4 reforecasts derived using a handover-LSTM approach (Baugh et al., 2026; see Section 
2.3.2).    Each dataset is the implementation of a distinct variant of the method, differing in the 
observational inputs used during the look-back (handover) phase to capture antecedent 
hydrological conditions. In addition, quantile-mapped reforecasts for the Danube basin were 
produced using several statistical distributions as an alternative post-processing benchmark. 
The datasets cover multiple river basins across four global regions, with availability varying by 
method variant as outlined below. All datasets cover the period 2020-2022 for forecasts dates of 
the 1,5,9,13,17,21,25,29 (when applicable) of each month.   

3.4.1.​Setting up the prototype 
To generate the data for improved hydrological extreme event prediction, several components of 
the SEED-FD prototype are required:  

●​ the SEED-FD Data Hub for input and output data, 
●​ processing code from the HPP (Hydrological Post-Processing) repository, 
●​ suite builders for both the HPP calibration and the medium range forecast. 

The prototype has been configured to run for each of the method variants for the relevant 
basins. 
The following inputs, available in the SEED-FD Data Hub, were required to generate the case 
study outputs: 

●​ Long-term run - DataHub:WP4/Task_4_1/glofas_reanalysis/full_domain 
●​ Long-term run forcings - 

DataHub:WP4/Task_4_1/glofas_reanalysis_forcings/full_domain 
●​ insitu discharge - DataHub:dataset_wg/insitu_discharge/<catchment>/csv 
●​ wp1 data - 

DataHub:WP1/virtual_stations/River_Discharge_Proxies_SEED_FD_projext_v1.nc 
●​ Reforecasts - DataHub:WP4/Task_4_1/glofas_reforecasts/full_domain 
●​ Reforecasts forcings - DataHub:WP4/Task_4_1/glofas_reforecast_forcings/full_domain 

Full details of the inputs are described in deliverable D4.1. 
 
Further updates to the prototype system have been made since version 1 was delivered for 
deliverable D5.1. Initially the prototype could run the calibration and forecast correction with 
quantile mapping only, but as part of further developments in task 4.1 there are new scripts for 

17 



 

SEED FD 
SEED-FD Implementation and Prototyping 

Ref.  :SEED-FD-RP-028-ECM Issue: 1.0 
Date : 12/01/2025 

 
training and correcting forecasts for the handover-LSTM approach. Again, full details of these 
workflows and software are provided in deliverable D4.1. 
 
YAML files (see example [4]) define the experimental setup used for the training. Once training 
data was generated the SEED-FD medium-range forecast suite could be used to correct the 
reforecast data for the available dates in the case study period. Forecast dates and basin name 
were defined at the suite deployment stage, via the deploy scripts [5] used to build and deploy 
the forecast suite. Once completed the corrected forecast datasets were saved in the Data Hub. 
Details of the outputs are described in section 3.3.2 below. 

3.4.2.​Dataset Structure and Contents 
The Data Hub is structured for easy mapping of the dataset with the method variant, with a 
different directory for each of the implemented variants, named using a long handle character 
chain. The name of each directory and description of the associated dataset are summarised 
below. 
 
1) lstm_without_insitu_obs  
Contains reforecasts post-processed using the handover-LSTM method driven solely by near 
real-time modelled inputs, specifically: GloFAS v4 reanalysis and ERA5 reanalysis.  
Coverage: 

●​ 123 stations in the Danube Basin  
●​ 27 stations in the Paraná Basin  
●​ 2 stations in the Niger Basin  
●​ 4 stations in the Juba–Shabelle Basin  

  
2) lstm_with_insitu_obs  
Contains reforecasts generated using the handover-LSTM method where in-situ river 
discharge observations are incorporated into the look-back window, alongside the modelled 
reanalysis inputs.  
Coverage:  

●​ 123 stations in the Danube Basin  
●​ 27 stations in the Paraná Basin  
●​ 2 stations in the Niger Basin  
●​ 4 stations in the Juba–Shabelle Basin  

  
3) lstm_with_wp1_data  
Contains reforecasts produced using the handover-LSTM method with Earth Observation (EO) 
proxy discharge products included in the look-back window in addition to modelled reanalysis 
inputs.  
Coverage: 

●​ 5 stations in the Danube Basin  
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4) quantile_mapping/danube 
This directory contains quantile-mapped reforecasts for the Danube basin, produced as a 
statistical post-processing benchmark. Quantile mapping is applied independently at each 
station using the following distributions: 

●​ Empirical   
●​ Weibull   
●​ Pearson Type III   
●​ Gumbel   
●​ Lognormal 

 
Directory Organisation  
The datasets can be found in the Data Hub with data organised in subdirectories according to 
the following convention: 
 
DataHub:case_study_datasets/post_processing/<method_name>/<catchment>/<netcdf_file> 
 
Where: 

●​ method_name ∈ {lstm_without_insitu_obs, lstm_with_insitu_obs, lstm_with_wp1_data, 
quantile_mapping}  

●​ catchment ∈ {danube, juba_shabelle, niger, parana} 
●​ netcdf_file contains the output. Each file contains all basins and ensemble members 

relevant to that catchment for the specified reforecast date.    
 
File Naming Convention  
NetCDF files names follow the format:  
 
<method_name>_corrected_forecast_<YYYYMMDDHH>.nc  
 
Where:  

●​ method_name ∈ {lstm_without_insitu_obs, lstm_with_insitu_obs, lstm_with_wp1_data}  
●​ YYYYMMDDHH is the nominal reforecast  start date and hour  

 
For quantile mapping products the files follow a similar format: 
 
qm_<distribution>corrected_forecast<YYYYMMDDHH>.nc 
 
Where:  

●​ distribution ∈ {empirical, weibull, pearsons, gumbel, lognormal}  
●​ YYYYMMDDHH is the nominal reforecast  start date and hour 

 
NetCDF Dataset Structure   
Each file includes the full ensemble set and station locations for the respective catchment:  
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netcdf lstm_with_insitu_obs_corrected_forecast_2021122500 { 
dimensions: 
    ​ basin = 123 ; 
    ​ number = 11 ; 
    ​ date = 15 ; 
variables: 
    ​ float hpp_dis(basin, number, date) ; 
            ​ hpp_dis:_FillValue = -9999.f ; 
            ​ hpp_dis:long_name = "post-processed GloFAS river 
discharge" ; 
            ​ hpp_dis:standard_name = 
"water_volume_transport_in_river_channel" ; 
            ​ hpp_dis:units = "m3 s-1" ; 
    ​ string basin(basin) ; 
            ​ basin:long_name = "basin identifier" ; 
            ​ basin:cf_role = "timeseries_id" ; 
    ​ int64 date(date) ; 
            ​ date:standard_name = "forecast_period" ; 
            ​ date:long_name = "forecast lead time" ; 
            ​ date:units = "days" ; 
    ​ string number(number) ; 
            ​ number:long_name = "ensemble member identifier" ; 
            ​ string number:comment = "p00–p10 represent ensemble 
realizations" ; 
  
// global attributes: 
            ​ :title = "Post-processed GloFAS river discharge 
reforecast dataset" ; 
            ​ :institution = "ECMWF" ; 
            ​ :Source_Software = 
"https://git.ecmwf.int/projects/SEEDFD/repos/hpp/browse?at=develop" 
; 
            ​ :creator_name = "Gwyneth Matthews" ; 
            ​ :keywords = "river discharge, hydrology, ensemble, 
forecasting, GloFAS, LSTM" ; 
            ​ :Conventions = "CF-1.8" ; 
            ​ :comment = "Post-processed GloFAS reforecasts using 
insitu river discharge near real-time observations as input." ; 
 

Figure 4. Example contents of the data files for improved hydrological extreme event detection. 
Header information from ncdump. 
 
Location Identification  
Basin locations are referenced using basin ID strings such as: ‘seedfd_560’, ‘seedfd_6959’, 
following the metadata information contained in the Data Hub specification, the basin ID strings 

20 



 

SEED FD 
SEED-FD Implementation and Prototyping 

Ref.  :SEED-FD-RP-028-ECM Issue: 1.0 
Date : 12/01/2025 

 
can be found in the DataHub:datasets_wg/station_metadata.csv file under the 
WP4_station_id_num field.  
 
Ensemble Structure  
For each basin, the dataset provides:  

●​ 11 ensemble members labelled:  
○​ p00 (control member)  
○​ p01–p10 (perturbed members)  

●​ 15-day forecast horizon  
○​ indexed from day 1 to day 15  

 
Primary Data Variable  
The key variable included in each dataset is:  

●​ hpp_dis  
○​ Description: Post-processed river discharge  
○​ Type: Floating-point  
○​ Dimensions: basin × ensemble × forecast time step  

The key variable represents the corrected discharge time series output from the 
handover-LSTM system for every ensemble member at every forecast lead time.  
 

3.5.​Medium-range global flash flood forecast product 
A prototype flash flood risk forecast product with a spatial resolution of ~9km and a lead time of 
3 days with timesteps of 1 day has been developed. The product combines a forecast of 
precipitation hazard with dynamic susceptibility, more details regarding the methodology and 
evaluation are given in Baugh et al., 2026. Two versions of this product have been generated 
and are available in the SEED-FD Data Hub: 

1)​ Global flash flood risk produced at 00 UTC on each day between 1st January 2024 to 
11th October 2025 where antecedent hydrological conditions were defined from GloFAS 
v4 data.  

2)​ Flash flood risk in the Bhima and Danube study sites produced at 00 UTC on each day 
between the 1st January 2024 to 31st December 2024 using antecedent hydrological 
conditions defined from earth observations provided by work package 1 of SEED-FD. 

3.5.1.​Setting up the prototype 
The global flash flood product generation required use of the following prototype components: 

●​ the SEED-FD Data Hub for input and output data, 
●​ the FlashFlood repository, 
●​ the suite builder for SEED-FD forecast runs. 

Inputs needed for this product are: 
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●​ Precipitation forecasts from either the experimental ECMWF ecPoint or EPIX products – 

DataHub:WP4/Task_4_2/flashFloods/global_inputs 
●​ Static data for Population density, Stream Power Index, Lack of Coping Capacity, plus 

soil moisture and rainfall data if earth observation is selected – 
DataHub:WP4/Task_4_2/flashFloods/global_inputs 

●​ Dynamic data about the antecedent hydrological conditions either from GloFAS v4 or 
from earth observations – GloFAS v4 data in 
DataHub:WP4/Task_4_2/flashFloods/global_inputs,  Earth observation data for soil 
moisture and precipitation in DataHub:WP1/sm and DataHub:WP1/precipitation 
respectively. 

Full details of the input data sets can be found in deliverable D4.1. 
 
Since the version 1 prototype was delivered, further developments to the FlashFlood repository 
have been made to allow flash flood risk to be computed over the following areas: Global, 
Bhima, Danube, Parana, Niger, Juba, (before global only). Automatic clipping of global input 
data is performed if one of the smaller domains is chosen. 
The prototype was run using antecedent hydrological conditions from both GloFAS v4 and from 
earth observations. A new settings file [6] is used to control this along with the choice of domain. 
Forecast dates were selected at the deploy stage via the forecast suite run script [5], and the 
suite cycled through the required dates for the case study. This produced NetCDF output files, 
which have been saved in the SEED-FD Data Hub and are described in detail in section 3.4.2 
that follows. 

3.5.2.​Dataset Structure and Contents 
All use case data for the global flash flood risk prototype are stored in: 
DataHub:case_study_datasets/flash_floods/ <Precipitation Hazard> / < AHC’s> / <Year> 
 
Directory Organisation 
Where: 
●​ Precipitation hazard ∈ {ecPointP<percentile>_precipHaz, EPIX_precipHaz}  

●​ For the ecPointP option, <percentile> is the percentile extracted from the ecPoint 
forecasts - currently only data for the 95th percentile are available, so the 
subdirectory is given as ecPointP95_precipHaz 

●​ Currently no data are available for the EPIX_precipHaz option, therefore this 
subdirectory is not available in the data hub 

●​ AHC’s (Antecedent Hydrological Conditions) ∈ {EO_AHCs, GloFAS_AHCs} 
○​ EO_AHCs refers to antecedent hydrological conditions derived from Earth 

Observations (EO) 
○​ GloFAS_AHCs refers to antecedent hydrological conditions derived from GloFAS 

v4 
●​ Year is given as a 4 digit integer referring to the year in which the forecast was initialised. 

Currently data for 2024 and 2025 are available 
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File naming convention 
The files within the directories have the following naming convention; 
flFlood_<Precipitation hazard>_warning<YYYYMMDDHH>_<Study site>_<AHC>.nc 
 
Where: 

●​ Precipitation hazard ∈ {ecPoint, EPIX} 
●​ YYYYMMDDHH is the year, month, day and hour when the forecast was generated 
●​ Study site ∈ {Global, Bhima, Danube, Parana, Juba, Niger} 
●​ AHC ∈ {EO, GloFAS}  

 
Dataset structure 
One NetCDF is produced for each forecast, it has the following data structure 

 

netcdf flFlood_ecPoint_warning2025032900_Global_GloFAS { 
dimensions: 
​ time = 3 ; 
​ lat = 2560 ; 
​ lon = 5136 ; 
variables: 
​ double impact(time, lat, lon) ; 
​ ​ impact:_FillValue = NaN ; 
​ int64 alpha(time, lat, lon) ; 
​ int64 time(time) ; 
​ double lat(lat) ; 
​ ​ lat:_FillValue = NaN ; 
​ double lon(lon) ; 
​ ​ lon:_FillValue = NaN ; 
} 

Figure 5. Example contents of the data files for the flash flood risk prototype. Header information 
from ncdump. 
 
Coordinates: 

●​ time 
○​ 0-indexed integer values referring to the step of the forecast lead time e.g. 0 

refers to the first lead time step 
●​ lat: 

○​ Latitude coordinates of each grid cell, projected using the WGS:1984 system 
●​ lon: 

○​ Longitude coordinates of each grid cell, projected using the WGS:1984 system 
 
Variables: 

●​ impact (time, lat, lon) 
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○​ Integer values ranging from 1-9 referring to the predicted flash flood risk impact 

category in each grid cell at each lead time step 
●​ alpha (time, lat, lon) 

○​ Integer values of 125 or 255 which can be used to apply an alpha transparency 
to the values from the impact variable when the data are visualised. An alpha 
value of 125 identifies grid cells with non-zero impact values which occur in the 
sea, values of 255 are either a) non-zero impact values over land, or b) grid cells 
where the impact value is NaN. 

3.6.​Medium-range global flash drought forecast product 
A prototype of flash drought forecast product with a spatial resolution of ~10 km and a timestep 
of one dekad (10 days) has been developed. The product is based on the Initial Development 
Rate index computed on three dekadal data (IDR3) (Cammalleri et al., 2025 [7]). This indicator 
quantifies the cumulative deficit in soil wetness index (SWI) anomalies following an early 
drought onset condition. The IDR3 is designed to capture the initial development rate of any 
drought event, and high values (> 0.7) are commonly associated with flash droughts. More 
details regarding the methodology and evaluation are given in Baugh et al., 2026 (see section 
4). 

3.6.1.​Setting up the prototype 

The flash drought forecast product requires the suite builder for the SEED-FD medium-range 
forecast and the SEED-FD Data Hub for inputs and outputs to the suite. To run the prototype 
flash drought forecast product within the SEED-FD framework, a set of static, reanalysis, and 
reforecast datasets is needed. 

The following inputs, available in the SEED-FD Data Hub, are required: 
 

●​ Long-term reanalysis (SWI) - DataHub:WP5/glofas_longtermrun/full_domain/results 
●​ Sub-seasonal  reforecasts (SWI) - 

DataHub:WP5/glofas_reforecast/full_domain/swi_output/ 
●​ Static baseline SWI datasets (dekadal mean and standard deviation, 1991-2020) - 

DataHub:WP4/Task_4_2/swi_dek/ 
 

All input datasets are projected onto the native GloFAS v4 grid (WGS84, 0.05º resolution) to 
ensure consistency. Full details of the input datasets are provided in deliverable D4.1.  

The input file locations were set up in the suite builder config and the run script [5] was used to 
deploy the suite for the case study dates, with an option to switch on the flash drought product. 
Output from the suite was organised in the Data Hub. 
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3.6.2.​Dataset Structure and Contents 
All global datasets for the global flash drought prototype are stored in: 
DataHub:case_study_datasets/flash_droughts 
​
This historical dataset is aggregated at the spatial resolution of 0.1° 
 
Directory Organisation 
Where: 

●​ IDR3_class contains the Initial Development Rate (IDR3) value from 1991 to 2023. 
●​ IDR3_onset_dekad contains the dekad of the beginning of the event (onset) since 1991. 
●​ IDR3_duration contains the duration of the drought event (in dekads).  

 
File naming convention 
The files in the directory follow the naming convention: 

●​ IDR3_<Product>.tif 
 
Where: 

●​ Product ∈ {IDR3_class, IDR3_onset_dekad; IDR3_duration} 
 
Dataset structure 
One GeoTIFF is produced for each global flash drought product. The files are provided on a 
regular spatial grid. 
 

<xarray.Dataset> Size: 1GB 
Dimensions:      (band: 50, x: 3600, y: 1500) 
Coordinates: 
  * band     ​ (band) int64 400B 1 2 3 4 5 6 7 8 9 ... 43 44 45 46 
47 48 49 50 
  * x        ​ (x) float64 29kB -180.0 -179.9 -179.8 ... 179.7 
179.8 179.9 
  * y        ​ (y) float64 12kB 89.95 89.85 89.75 ... -59.75 
-59.85 -59.95 
​ spatial_ref  int64 8B ... 
Data variables: 
​ band_data​ (band, y, x) float32 1GB ... 

Figure 6. Example contents of the data files for the flash drought product. Information extracted 
using the xarray Python package. 
 
Coordinates: 

●​ lat (y): 
○​ Range: -60º to 90º 
○​ Resolution: 0. 1º 
○​ Coordinate reference system: WGS 84 (ESPSG:4326) 
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●​ lon (x): 

○​ Range: -180º to 180º 
○​ Resolution: 0. 1º 
○​ Coordinate reference system: WGS 84 (ESPSG:4326) 

●​ Event sequence (band): 
○​ Range: 1 to 50 
○​ Description: each band represents a successive drought event in time. The 

temporal occurrence of each event is implicitly defined by the band order. The 
starting dekad of each event is reported in IDR3_onset_dekad layer. 

Data properties: 
●​ Grid size: 3600 x 1500 
●​ Data type: Float32 
●​ NoData value: NaN 

Variables: 
●​ IDR3 class layers (band_data) 
●​ Drought onset dekad (band_data) 
●​ Drought duration (band_data) 

 

3.7.​Sub-seasonal to seasonal drought outlook products 
A prototype sub-seasonal to seasonal hydrological drought forecast product with a spatial 
resolution of ~50 km and lead times of 3 and 6 months, with monthly timesteps, has been 
developed. More details regarding the methodology and evaluation are given in Baugh et al., 
2026 (see section 5). 

3.7.1.​Setting up the prototype 

For the sub-seasonal to seasonal outlook products, we also made use of the suite builder for 
SEED-FD forecasts and the SEED-FD Data Hub for inputs and outputs. To run the prototype 
sub-seasonal to seasonal forecast product within the SEED-FD framework, a set of static and 
seasonal forecast datasets is needed. 

The following inputs, available in the SEED-FD Data Hub, are required: 

●​ Upstream drainage area - DataHub:WP4/Task_4_3 
●​ River discharge mask - DataHub:WP4/Task_4_3 
●​ Static baselines river discharge datasets (monthly mean and standard deviation from 

ensemble mean reforecast, 1991-2020) - DataHub:WP4/Task_4_3/discharge/ 
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●​ Seasonal river discharge forecasts - 

DataHub:WP5/glofas_seas_reforecast/full_domain/swi_output/ 

All input datasets are projected onto the native GloFAS v4 grid (WGS84, 0.05º resolution) to 
ensure consistency. Full details of the input datasets are provided in deliverable D4.1.  

The seasonal river discharge forecasts include 25 ensemble members pre-2017 and 50 
members post-2017. The processing scripts within the suite builder have therefore been 
adapted to cope with the different ensemble sizes. Input data locations were set up in the suite 
builder configuration file and the suite run script for seasonal droughts was used to deploy the 
suite for the case study dates. For efficiency, both the seasonal product and drought tracking 
product options were switched on so that the two could be produced in the same suite. Output 
from the suite was organised in the Data Hub. 

3.7.2.​Dataset Structure and Contents 

All global datasets for the global flash drought prototype are stored in: 

DataHub:case_study_datasets/seasonal_drought_outlook 

The forecast dataset is aggregated at the spatial resolution of 0.5°. 

Directory Organisation 

The datasets are organised into directories containing post-processed seasonal drought outlook 
products derived from the GloFAS v4 SEAS5 ensemble forecasts.  

Where: 
●​ Ensemble mean of standardized anomalies (ENS_mean_SSIX) contains the ensemble 

mean of the Standardized Streamflow Index (SSI-3 and SSI-6) computed from the 
GloFAS-SEAS5 seasonal forecast dataset.  

●​ Signal-to-noise ratio (SNR_SSIX) contains the SNR associated to SSI-3 and SSI-6, used 
as a complementary metric for forecast reliability.  

File naming convention 

The files in the directory follow the naming convention: 

●​ SSIX_refcs_mean_<YYYY>_m.nc 
●​ SSIX_SNR_<YYYY>.nc 

Where: 
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●​ ·        SSIX ∈ {SSI3, SSI6} Standardized Streamflow Index accumulated over 3 or 6 

months. 
●​ ·        <YYYY> Year of the seasonal drought outlooks (12 layers per file; 1 per month) 

 
Dataset structure 

Two NetCDF datasets are produced: 

1.        Ensemble mean of the Standardized Streamflow Anomalies (SSI-3 and SSI-6). 
2.        Signal-to-noise ratio (SNR) of the SSI-3 and SSI-6 ensemble forecasts. 

For each dataset, one NetCDF file is produced per year and per accumulation period, 
containing 12 monthly layers.  

netcdf SSI3_refcs_mean_1991_m { 
dimensions: 
        longitude = 720 ; 
        latitude = 300 ; 
        time = 12 ; 
variables: 
        double longitude(longitude) ; 
                longitude:units = "degrees_east" ; 
                longitude:long_name = "longitude" ; 
        double latitude(latitude) ; 
                latitude:units = "degrees_north" ; 
                latitude:long_name = "latitude" ; 
        int time(time) ; 
                time:units = "unknown" ; 
                time:long_name = "time" ; 
        float SSI3_refcs_mean_1991_m_test(time, latitude, 
longitude) ; 
                SSI3_refcs_mean_1991_m_test:_FillValue = 
-1.175494e+38f ; 
                SSI3_refcs_mean_1991_m_test:grid_mapping = "crs" ; 
        int crs ; 
                crs:crs_wkt = "GEOGCRS[\"WGS 84 (CRS84)\",    
DATUM[\"World Geodetic System 1984\",        ELLIPSOID[\"WGS 
84\",6378137,298.257223563,            LENGTHUNIT[\"metre\",1]]],    
PRIMEM[\"Greenwich\",0,        
ANGLEUNIT[\"degree\",0.0174532925199433]],    CS[ellipsoidal,2],     
AXIS[\"geodetic longitude (Lon)\",east,            ORDER[1],         
ANGLEUNIT[\"degree\",0.0174532925199433]],        AXIS[\"geodetic 
latitude (Lat)\",north,            ORDER[2],            
ANGLEUNIT[\"degree\",0.0174532925199433]],    USAGE[        
SCOPE[\"unknown\"],        AREA[\"World\"],        
BBOX[-90,-180,90,180]],    ID[\"OGC\",\"CRS84\"]]" ; 
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                crs:spatial_ref = "GEOGCRS[\"WGS 84 (CRS84)\",    
DATUM[\"World Geodetic System 1984\",        ELLIPSOID[\"WGS 
84\",6378137,298.257223563,            LENGTHUNIT[\"metre\",1]]],    
PRIMEM[\"Greenwich\",0,        
ANGLEUNIT[\"degree\",0.0174532925199433]],    CS[ellipsoidal,2],     
AXIS[\"geodetic longitude (Lon)\",east,            ORDER[1],         
ANGLEUNIT[\"degree\",0.0174532925199433]],        AXIS[\"geodetic 
latitude (Lat)\",north,            ORDER[2],            
ANGLEUNIT[\"degree\",0.0174532925199433]],    USAGE[        
SCOPE[\"unknown\"],        AREA[\"World\"],        
BBOX[-90,-180,90,180]],    ID[\"OGC\",\"CRS84\"]]" ; 
                crs:proj4 = "+proj=longlat +datum=WGS84 +no_defs" ; 
                crs:code = "OGC:CRS84" ; 
                crs:geotransform = "-180 0.4999999999999999444888 0 
90 0 -0.5" ; 
 
// global attributes: 
                :Conventions = "CF-1.4" ; 
                :created_by = "R packages ncdf4 and terra (version 
1.8-29)" ; 
                :created_date = "2025-12-03 14:37:13" ; 
} 

Figure 7. Example contents of the data files for sub-seasonal to seasonal drought outlook 
products. Header information from ncdump. 
 
Coordinates: 

●​ time: 
○​ Monthly time steps (12 per file) corresponding to the calendar months from 

January to December of the given year.  
●​ latitude: 

○​ Range: -60º to 90º 
○​ Resolution: 0. 5º 
○​ Coordinate reference system: WGS 84 (ESPSG:4326) 

●​ longitude: 
○​ Range: -180º to 180º 
○​ Resolution: 0. 5º 
○​ Coordinate reference system: WGS 84 (ESPSG:4326) 

Variables: 

●​ SSIX_refcs_mean (time, lat, lon) 
○​ Floating values representing the ensemble mean of the Standardized Streamflow 

Index for accumulation period X ( X =3 and 6 months). 
●​ SSIX_SNR (time, lat, lon) 
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○​ Floating values representing the Signal-to-noise ratio (SNR) of the SSI-3 and 

SSI-6 ensemble forecasts.  

 

3.8. Integration of forecasts in drought event tracking 
A prototype seasonal drought tracking product with a spatial resolution of ~50 km and a lead 
time of up to six months, with a monthly temporal resolution has been developed. The product 
combines Soil Wetness Anomalies (SWA) from GloFAS v4 SWI reanalysis data with seasonal 
ensemble forecast from GloFAS v4 SEAS5. More details regarding the methodology and 
evaluation are given in Baugh et al., 2026 (see section 6). 

3.8.1.​Setting up the prototype 

Setting up the prototype for seasonal drought tracking followed a very similar approach to that 
used for the sub-seasonal to seasonal outlook products, using the suite builder for SEED-FD 
forecasts and the SEED-FD Data Hub for inputs and outputs. To run the prototype integration of 
forecasts in drought event tracking within the SEED-FD framework, a set of static, reanalysis, 
and seasonal forecast datasets is needed.  

The following inputs, available in the SEED-FD Data Hub, are required: 

●​ Soil moisture mask - DataHub:WP4/Task_4_4/baselines_SWA_aggr_month/ 
●​ Long-term reanalysis (SWI) - DataHub:WP5/glofas_longtermrun/full_domain/results 
●​ Soil Wetness Anomaly (SWA) - DataHub:WP4/Task_4_4/SWA_month 
●​ Static baseline SWI datasets (monthly mean and standard deviation, 1991-2020) - 

DataHub:WP4/Task_4_2/swi_dek/ 
●​ Seasonal forecasts (SWI) - 

DataHub:WP5/glofas_seas_reforecast/full_domain/swi_output/ 

All input datasets are projected onto the native GloFAS v4 grid (WGS84, 0.05º resolution) to 
ensure consistency. Full details of the input datasets are provided in deliverable D4.1. 

The drought tracking outputs were generated alongside the sub-seasonal to seasonal outlook 
products and the output saved in the SEED-FD Data Hub.  

3.8.2.​Dataset Structure and Contents 

All global datasets for the global drought event tracking prototype are stored in: 

DataHub:case_study_datasets/drought_tracking 
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The datasets are aggregated at the spatial resolution of 0.5°. 

Directory Organisation 

The datasets are organised into a single directory containing monthly ensemble drought 
clustering forecasts derived from SWA using a 3D DBSCAN algorithm.  

●​ Main directory naming convention 
​ dbscan_swa1_6m_fcs_ens_x3_t3_fr1_w6_A65 
​ Where: 

●​ dbscan - indicates the DBSCAN clustering algorithm. 
●​ swa1 - monthly SWA (Soil Wetness Anomalies). 
●​ 6m_fcs - 6-months of data ahead of the forecast date. 
●​ ens - each ensemble member is simulated separately.. 
●​ x3_t3_fr1_w6_A65 - parameters of the DBSCAN model (see Cammalleri and 

Toreti (2023) [8]).  

File naming convention 

clusters_6m_<YYYY>-<MM>_x3_t3_fr1_w6_A65.tif 

Where: 

●​ clusters - cluster ID are reported 
●​ 6m - includes all the events up to 6-month ahead (same as in the directory name) 
●​ <YYYY> - year 
●​ <MM> - month 
●​ x3_t3_fr1_w6_A65 - parameterization (same as in the directory name) 
●​ Each layer within the file corresponds to a single ensemble member (25 or 51 layers 

depending on the year) 

Dataset structure 

One GeoTIFF file is produced per forecast month, containing ensemble members of the drought 
clustering outputs.  

<xarray.Dataset> Size: 22MB 
Dimensions:      (band: 25, x: 720, y: 300) 
Coordinates: 
  * band     ​ (band) int64 200B 1 2 3 4 5 6 7 8 9 ... 18 19 20 21 
22 23 24 25 
  * x        ​ (x) float64 6kB -179.8 -179.2 -178.8 ... 178.7 
179.2 179.7 
  * y        ​ (y) float64 2kB 89.75 89.25 88.75 ... -58.75 -59.25 
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-59.75 
​ spatial_ref  int64 8B ... 
Data variables: 
​ band_data​ (band, y, x) float32 22MB ... 

Figure 8. Example contents of the data files for the global drought event tracking prototype. 
Information extracted using the xarray Python package. 
 
Coordinates: 

●​ lat (y): 
○​ Range: -60º to 90º 
○​ Resolution: 0. 5º 
○​ Coordinate reference system: WGS 84 (ESPSG:4326). 

●​ lon (x): 
○​ Range: -180º to 180º 
○​ Resolution: 0. 5º 
○​ Coordinate reference system: WGS 84 (ESPSG:4326) 

●​ ensemble (band): 
○​ index of ensemble member. 

Variable: 
●​ cluster_id (ensemble, lat, lon)  (band_data) 

○​ Integer value representing the cluster ID for each grid cell 
○​ Cells with the same ID belong to the same drought cluster 

 

3.9. Accessing the case study data 
All of the case study datasets (version 1) described in this report have been made available in 
the case_study_datasets directory in the Data Hub. The locations of each of the datasets within 
this directory have been provided in the sections above. This data can be accessed by those 
with ECMWF HPC access.  
 
The case study data version 1 are openly available via ecBox, ECMWF's file sharing service. 
The same directory structure follows that of  the SEED-FD Data Hub so the paths provided in 
the earlier sections apply to the data in ecBox too. To access the datasets please follow the 
ecBox guidance [9], which provides information on how to download data via the web tool or 
command line tools. You will need the following information to access the files: 

●​ ecBox URL: https://sites.ecmwf.int/ecbox/seedfd_v1/s/dav/ 
●​ token: 

AGK2gD3USSTeAdibshpCDBJV97Q6RynFLrEFpUD6xoOylZuPcgB1mbceg1l3JzTrTxgi
8wovLvqwGS3XHV1cE3ORoV4lLD35s2GdxMnCXIBJe28qPVWhovQEhupLxfs9 
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4. Conclusion  
This report provides an overview of the case study datasets generated by the SEED-FD version 
1 prototype Hydrological Forecast Modelling Chain for each of the work-package developments 
in the SEED-FD project. We have included information about the contents of the datasets and 
how they are structured. These datasets cover our five development and validation basins as 
well as our global products. The results have been made available in the SEED-FD Data Hub 
and via ecBox, allowing public access to the data. Note the datasets are prototype and 
experimental data expected to change within the course of the project and must be used with 
caution. 
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