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Principal Investigator:

Project Title: ... Improvement of very-short term forecast using lightning and
radar data assimilation .........

Extended abstract

The completed form should be submitted/uploaded at https://www.ecmwf.int/en/research/special-projects/special-project-
application/special-project-request-submission.

All Special Project requests should provide an abstract/project description including a scientific plan, a justification of the
computer resources requested and the technical characteristics of the code to be used.

Following submission by the relevant Member State the Special Project requests will be published on the ECMWF website
and evaluated by ECMWF as well as the Scientific Advisory Committee. The evaluation of the requests is based on the
following criteria: Relevance to ECMWF'’s objectives, scientific and technical quality, disciplinary relevance, and
Justification of the resources requested. Previous Special Project reports and the use of ECMWF software and data
infrastructure will also be considered in the evaluation process.

Requests asking for 1,000,000 SBUs or more should be more detailed (3-5 pages). Large requests asking for 10,000,000 SBUs
or more might receive a detailed review by members of the Scientific Advisory Committee.

Abstract

Despite the continuous improvement of weather forecast, the correct prediction of heavy precipitation
events is still challenging because of the multitude of scales and physical processes involved in these
events (Stensrud et al., 2009). The improvement of numerical weather prediction depends, among others,
on the improvement of initial conditions prescribed in numerical models. In the case of localized and
heavy rainfall, initial conditions must be improved at the local scale too.

This project evaluates the impact of data assimilation on the short-term forecast (STF, here 3h - 12 h)
over Italy at high spatial horizontal resolution (3 km).

Objectives

The general objective of the project is to evaluate the impact of data assimilation on the very-short term
forecast over Italy, with emphasis on high precipitation events. This objective is vast and needs to be
focused on specific goals that can be tackled in the framework of this special project.

For this project, the data assimilation is focused on lightning and radar reflectivity data, even if some
additional data taken from SENTINEL satellites will be explored, while the verification is mainly on
precipitation forecast. Some additional parameters, as surface winds, will be considered for verification.

Project description
This project is the continuation of two special projects at the ECMWF:

Years 2013-2014. Special project: “A general-purpose data assimilation and forecasting system”; Years
2017-2020. Special project: “Study of different configurations of the RAMS model for precipitation and
lightning forecast over Italy at high horizontal resolution”.

In the first special project, a 3D-Var data assimilation system was set-up for the RAMS@ISAC model
(Regional Atmospheric Modelling System at the Institute of Atmospheric Sciences and Climate).
RAMS@ISAC model is based on the RAMS 6.0 model, in a version with a certain number of

This form is available at:
http://www.ecmwf.int/en/computing/access-computing-facilities/forms

June 2019 Page 2 of 8



modifications and improvements. First, the WSM6 (WRF single moment six species, Hong and Lim,
2006) microphysical scheme is implemented (Federico, 2016), then the model implements a method for
predicting lightning (Federico et al., 2014), following Dahl et al. (2011). Furthermore, lightning data
assimilation is implemented (Federico et al., 2017a), following the method of Fierro et al. (2012).

In the second special project, the lightning data assimilation method of Fierro et al. (2012) was
implemented and evaluated for case studies (Federico et al., 2019) and longer time periods (Federico et
al., 2017b).

Also, in the same special project, the method of Caumont et al. (2010) was implemented for radar
reflectivity data assimilation.

The data assimilation method for lightning has shown a notable impact on the precipitation forecast.
Nevertheless, there are still points that need to be addressed and that will be considered in this project.

a) In the current formulation of lightning data assimilation in the RAMS@ISAC model (a similar
approach is used in WRF model that could be also used in the project), flashes are assimilated
through pseudo-profiles of saturated mixing ratio between the 0°C and -25 °C isotherms
where/when lightning are observed, because this is the layer where cloud electrification occurs.
Recent studies (Fierro et al., 2019; Dixon et al. 2016) have suggested that using a lower height,
in particular the Lifting Condensation Level (determined from model output) to assimilate
pseudo profiles of water vapour where/when flashes are observed can improve the precipitation
forecast because: a) the water vapour is adjusted in a deeper layer; b) assimilating for temperature
higher than zero adds more water vapour to the analysis because the saturation water vapour
increases exponentially with temperature. The impact of using LCL instead of 0°C to assimilate
water vapour will be investigated thoroughly in this special project (experiment LCL, see next
Section and Table 1 for the complete experiment list).

b) The main drawback of lightning data assimilation is the increase in false alarms, because lightning
data assimilation schemes increase the water vapour. This problem has been highlighted for
RAMS@ISAC model (Federico et al., 2017b). In this project a method to decrease the water
vapour where/when the model simulates lightning that is not observed will be explored
(experiment LCL-). This method will be based on the one used for radar reflectivity data
assimilation (Caumont et al., 2010; Federico et al., 2019) in which, for each grid point where a
lightning is simulated and not observed, the actual vertical water vapour profile is dried. This
drying is done by averaging the water vapour profiles of the driest grid points around (<50 km)
the actual profile and then substituting the actual profile with this average.

c) In 2021 the lightning imager will be launched on board MTG (Meteosat Third Generation)
satellites and will open the possibility to have lightning data at good temporal rate, with spatial
resolution compatible with the forecast used in this project. Satellite lightning data do not have
problems related to complex orography, as occurs in ground-based lightning networks. Lightning
data assimilation of GOES and FY4 observations has shown an important impact on precipitation
forecast over US and China (Fierro et al., 2019; Chen et al., 2020). During the development of
this project, the data of lightning imager onboard MTG will be available and will be used to assess
their impact on the precipitation forecast (experiment LA MTG).

Radar reflectivity data assimilation in RAMS@ISAC model has also shown a wet bias of the
precipitation forecast when radar data are assimilated (Federico et al, 2019). However, this humid bias
was determined using a case study approach and a robust quantification of this issue is missing. In this
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project this point will be explored in detail. In particular, during the first year of the project, the radar
reflectivity data assimilation will be applied for a whole month to quantify more robustly the precipitation
bias (experiment RAD); during the second year, two numerical experiments will be performed to study
the sensitivity of radar data assimilation to two specific aspects:

a) The radar reflectivity data assimilation method implemented in RAMS@ISAC can subtract water
vapour whenever reflectivity greater than zero is forecast but not observed. This option, however,
needs further studies for an optimal setting. This will be done during the second year of the project
in the simulations RAD- considering case studies and a whole month of simulations.

b) The radar reflectivity data assimilation method currently implemented in RAMS@ISAC adjusts
the water vapour profile. In this project, the possibility to use radar reflectivity to adjust the
hydrometeors will be tested in the second year (RADQ). The impact of this different approach
on the rainfall forecast will be tested for a whole month of simulations.

To get information on the impact of lightning and radar reflectivity data assimilation, the above numerical
experiments (LCL, LCL-, RAD-, RADQ) will be compared with the following experiments: CTRL,
without lightning and radar reflectivity data assimilation, LIGHT, with reference lightning data
assimilation, RAD, with reference radar reflectivity data assimilation, RADLI with both reference
lighting and radar reflectivity data assimilation.

The lightning “reference” data assimilation method is that of Fierro et al. (2012) as implemented in
RAMS@ISAC by Federico et al. (2019). The “reference” radar reflectivity data assimilation is that of
Caumont et al. (2010) as implemented in RAMS@ISAC by Federico et al. (2019).

During the third year of the project, the possibility to assimilate SENTINEL data into the meteorological
model used in this project will be explored. More specifically, two parameters will be considered: the
integrated water vapour profile (IWV) and surface winds.

Lightning and radar reflectivity data sources

In this special project, we will use lightning data from LINET network over Italy (Betz et al., 2009) and
data from lightning imager onboard the MTG. Radar reflectivity data will be provided by the radar
network of the Department of Civil Protection in Italy. These data have been already used in
RAMS@ISAC (Federico et al., 2019).

Scientific plan

The project spans three years. During the first year, the study period of one month will be selected and
datasets will be transferred on the ECMWF machines (lightning, rainfall data, IC/BC for the month
selected, radar reflectivity, etc). Then 4 numerical experiments will be performed: CTRL, without
lightning and radar reflectivity data assimilation, LIGHT with the reference method for lightning data
assimilation, RAD with the reference method for radar reflectivity data assimilation, RADLI assimilating
both lightning and radar reflectivity with the reference method. These experiments determine a reference
for comparison of other numerical experiments in the second and third years.

In the second year, the simulations LCL and LCL- will be performed for a whole month. This will clarify
the impact of using the lifting condensation level as the starting level to assimilate the water vapour
saturated pseudo-profiles and the suppression of spurious convection on the precipitation forecast. These
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experiments, together with LIGHT, will eventually give an optimal setting of the model assimilating
lightning.

In the second year, the simulations RAD- and RADQ will be performed. These simulations will span a
whole month and will be used to find the best configuration to assimilate radar reflectivity.

During the third year, the simulations using the lightning imager data will be performed. These
experiments will be focused on specific cases. For these cases, the comparison of assimilating lightning
data from the LINET network and lightning data from lightning imager will be considered (experiment
LA MTG).

During the third year, the possibility to use the SENTINEL data to assimilate surface winds and the
integrated water content (IWC) will be explored. These experiments will extend the analysis to other
meteorological parameters than precipitation.

Year 1 Year 2 Year 3
CTRL LCL LA MTG
LIGHT LCL- SENTINEL
RAD RAD- /

RADLI RADQ /

Table 1: Table of experiments considered in this special project for all three years. Each experiment will
span a whole month. Case studies can be added to the numerical experiments above.

Computer resources

In this project 20 million SBU are required for each year. The request comes for the experience with
RAMS@ISAC model on ECMWF CCA supercomputer and it is tailored using this machine as reference.
Recently, the WRF (Weather Research and Forecast Model) was also installed on CCA. The resources
requested by WRF and RAMS@ISAC are similar, so the considerations in the following apply for both
models.

A basic simulation consists of running a 6h data assimilation period followed by a 12 h forecast. One-
hourly output will be saved. With these simulations, the impact of lightning and radar reflectivity data
assimilation at different forecast ranges (1h, 3h, 6h, 12h) can be evaluated.

During the assimilation stage, 3D-Var analyses are performed every 1h (radar reflectivity data
assimilation). So, seven analyses are considered using 3D-Var, including the initial time, when the model
starts completely dry. In the case of nudging, the assimilation is performed continuously for the 6h
assimilation period, starting from a cold start.

A basic simulation (6h data assimilation + 12 h forecast) takes about 17000 SBU (this number slightly
varies with the geometry of the batch; in previous Special Projects we used between 108 and 180 cores,
depending on the simulation). Our primary focus is the 3h short term forecast (STF) and 8 simulations,
each lasting 18h, are needed to cover a day with this configuration. So, to forecast a whole day we need
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136.000 SBU. Considering some errors in the simulations performed, we assume that the simulation of
a whole day requires 150.000 SBU.

To have a robust statistical evaluation of the scientific problems investigated in the project, we consider
a period of 1 month (to be decided, probably October 2018 or November 2019, because these months
were characterised by severe precipitation events over Italy). To simulate a whole month for each model
configuration we need: 30*150.000=4.500.000 SBU.

For the first and second years, four configurations will be evaluated each year, while for the third year 2
different configurations have been already indicated. The resources required for the first and second years
are 4*4.500.000 SBU each year, i.e. 18.000.000 SBU each year. This leaves some CPU available to
run/improve the post-processing of the model and to do sensitivity tests for specific case studies.

For the third year, the performance of two additional configurations are considered, using 9.000 .000
SBU. This leaves space to further explore other aspects of the data assimilation and its impact on the
weather forecast. In particular, the attention will be focused on the assimilation of tropospheric integrated
water content, surface winds and, eventually, soil humidity, whose observations are available from the
SENTINEL satellites of the Copernicus mission. The examination of these additional data and their
impact on model forecast cover the remaining 11.000.000 SBU of the third year and will not limit the
project to the evaluation of precipitation forecast. The precise quantification of the SBU necessary for
these experiments is not possible at the moment of writing. Also, the impact of MTG-LI data assimilation
will probably require more than one month of simulations because of the importance of the subject.

Technical characteristics of the code

During this project WRF and RAMS@ISAC models will be used. Both models use MPI (Message
Passing Interface) and Open-MP. WRF needs NETCDF libraries, while RAMS@ISAC needs HDF5
libraries. Both models were successfully compiled on CCA and are currently used in the third year of the
special project 2017-2020, which is assigned to two of the investigators of this proposal.

The post processing is performed by homemade fortran software using NCAR-Graphics or NCL for
graphical output. The wgrib, wgrib2 utilities are used to initialise the RAMS@ISAC model, while IDL
(Interactive Data Language) is used for some post-elaboration. IDL is not available on ECMWF
machines and GDL doesn’t implement all the functionalities needed. When IDL is needed, the
simulations will be transferred to machines at ISAC-CNR and then elaborated. All the software
components, excluding IDL, are already available and used on CCA.

Considering the disk request (ecfs), 30 TB are enough to store most (likely all) simulations made during
this project. Having all simulations in one place will help the post-processing of the model. At the
moment of writing, the user cm4 already occupies 9 TB of disk space. Part of this space will be recovered
by deleting some simulations, nevertheless the software and ancillary data (about 5 TB) can’t be
removed.

The increase of additional 5 TB for each year accounts for new simulations, software development and
saving of new post-processing statistics; however having most of the disk available at the start of the
project will help to manage the project. If necessary, part of the simulations will be transferred to
machines at ISAC-CNR.
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