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Lightning has charmed and provoked scientists for as long as they have watched the skies, but
only recently, mainly due to the success of the Lightning Imaging Sensor (LIS) onboard the
Tropical Rainfall Measuring Mission (TRMM - http://trmm.gsfc.nasa.gov), its study has been
officially integrated with satellite-based remotely sensed atmospheric measurements and with
cloud modeling research. LIS has provided (and is still providing) a unique amount of high
quality optical lightning data over tropics (Adamo et al., 2007), while the establishment of new
regional and global lightning networks, with improved location accuracy and detection
efficiency, has further augmented the utilization of lightning data in many meteo-climatic studies
even at mid-latitudes. Some examples are briefly reported here.

Precipitation retrieval techniques from passive microwave sensors (i.e. Panegrossi et al., 1998,
Tripoli et al., 2007) have recently started to explore the correlation between lightning and
convection to constrain the selection of candidate profiles in Cloud Dynamics and Radiation
Database (CDRD) algorithms. (Sano et al., 2012)

Real time techniques aiming at the precipitation nowcasting infer the development (movement,
morphology, and intensity) of convective rain cells from the spatial and temporal distribution of
lightning strokes (Dietrich et al., 2011). They are based on the cooperation between microwave
multi-frequency brightness temperature data and lightning occurrences. These techniques have
been successfully applied to study Mediterranean severe storms in the frame of EU FLASH
project (Price et al., 2011)

Satellite-based multisensor studies (Buiat, 2011) of cloud electrical properties related to
microphysical structure are nowadays possible at mid-latitudes by using Cloud Profiling Radar
(CPR) on Cloudsat (http://cloudsat.atmos.colostate.edu/). Great advances are expected after the
launch (2014) of the Global Precipitation Measurement (GPM -
http://science.nasa.gov/missions/gpm/) satellite mission (thanks to the presence of the first
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spaceborne dual frequency radar) when better insights into microphysical structures of mid-
latitudes storms will be available.

Cloud electrification models, such as the 1D Explicit Microphysics Thunderstorm Model
(Solomon et al., 2005), allow to carry out sensitivity studies of electrical activity and
microphysics structure within the convective cloud. In these models explicit microphysics is
required in order to include a charge transfer mechanism that is dependent on particle size
(Formenton et al., 2012).

Non-hydrostatic regional atmospheric modeling system used to make operational weather
forecasts, such as the Calabria Regional Atmospheric Modeling System (CRAMS) (Federico et
al., 2011), have begun to test and include methodologies for providing lightning forecasting
based on simulated microphysics (i.e. Dahl et al., 2011).

Finally, studies about the impact of lightning and transient luminous events on NOx production
(Arnone et al., 2008) benefit from the improvement in lightning monitoring.

All these applications demonstrate the growing interest of the Italian atmospheric science
community in cloud electrification and its applications to atmospheric science.

References

Adamo C., R. Solomon, C. M. Medaglia, S. Dietrich, A. Mugnai, 2007: Cloud Microphysical
Properties from the Remote Sensing of Lightning within the Mediterranean. Measuring
precipitation from space: EURAINSAT and the future, V. Levizzani / P. Bauer / J. Turk Ed.,
Springer Netherlands, pp. 127-134

Arnone, E., A. Kero, B. M. Dinelli, C.-F. Enell, N. F. Arnold, E. Papandrea, C. J. Rodger, M.
Carlotti, M. Ridolfi, and E. Turunen (2008), Seeking sprite-induced signatures in remotely
sensed middle atmosphere NO2, Geophys. Res. Lett., 35, L05807,
do0i:10.1029/2007GL031791

Buiat M., Analisi di fulminazione da rete a terra: aspetti microfisici e climatologici, Tesi di
Laurea specialistica in Fisica, 2011, Universita di Ferrara, 109 pp.

Casella, D., S. Dietrich, F. Di Paola, M. Formenton, A. Mugnai, F. Porcu, and P. Sano, PM-GCD
- A combined IR-MW satellite technique for frequent retrieval of heavy precipitation, Nat.
Hazards Earth Syst. Sci., 12, 231-240, 2012

Dahl, J.M.L., Holler, H., Schumann, U., Modeling the Flash Rate of Thunderstorms. Part I:
Framework, Montly Weather Review, 139, 10, 3093-3111 DOI: 10.1175/MWR-D-10-
05031.1

Dahl, J.M.L., Holler, H., Schumann, U., Modeling the Flash Rate of Thunderstorms. Part II:
Implementation, Montly Weather Review, 139, 10, 3112-3124 DOI: 10.1175/MWR-D-10-
05032.1

Dietrich, S., Casella, D., Di Paola, F., Formenton, M., Mugnai, A., and Sano, P.: Lightning-based
propagation of convective rain fields, Nat. Hazards Earth Syst. Sci., 11, 1571-1581,
doi:10.5194/nhess-11-1571-2011, 2011


http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Z1@eb7h17eeIGFh7EL5&field=AU&value=Schumann,%20U&cacheurlFromRightClick=no
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Z1@eb7h17eeIGFh7EL5&field=AU&value=Schumann,%20U&cacheurlFromRightClick=no

Federico, S.: Verification of surface minimum, mean, and maximum temperature forecasts in
Calabria for summer 2008, Nat. Hazards Earth Syst. Sci., 11, 487-500, doi:10.5194/nhess-
11-487-2011, 2011

Formenton, M., D. Casella, S. Dietrich, F. Di Paola, A. Mugnai, G. Panegrossi, P. Sano, H.-D.
Betz, C. Price, and Y. Yair, Using a cloud electrification model to study relationships
between lightning activity and cloud microphysical structure, submitted to Atmospheric
Research 2012.

Mugnai, A., E. A. Smith, G. J. Tripoli, S. Dietrich, V. Kotroni, K. Lagouvardos and C. M.
Medaglia: Explaining discrepancies in passive microwave cloud-radiation databases in
microphysical context from two different cloud-resolving models. Meteorology and
Atmospheric Physics, 101, 3-4, 127-145, 2008.

Panegrossi, G., S. Dietrich, F.S. Marzano, A. Mugnai, E.A. Smith, X. Xiang, J. Tripoli, P.K.
Wang and J.P.V. Poiares Baptista: Use of cloud model Microphysics for passive microwave-
based precipitation retrieval: significance of consistency between model and measurement
manifolds; J.Atmos.Sci., 55, 1644-1673, 1998.

Price, C., Y. Yair, A. Mugnai, K. Lagouvardos, M. C. Llasat, S. Michaelides, U. Dayan, S.
Dietrich, F. Di Paola, E. Galanti, L. Garrote, N. Harats, D. Katsanos, M. Kohn, V. Kotroni,
M. Llasat-Botija, B. Lynn, L. Mediero, E. Morin , K. Nicolaides, S. Rozalis, K. Savvidou, B.
Ziv, Using lightning data to better understand and predict flash floods in the Mediterranean,
Surv Geophys 32:733-751, DOI 10.1007/ss10712-011-9146-y, (2011)

Sano, P., D. Casella, A. Mugnai, G. Schiavon, E.A. Smith, G. Tripoli, Transitioning from CRD
to CDRD in Bayesian Retrieval of Rainfall from Satellite Passive Microwave Measurements:
Part 1. Algorithm Description and Testing, Submitted to IEEE Trans. Geosci. Rem. Sens.,
2012

Solomon, R., C. M. Medaglia, C. Adamo, S. Dietrich, A Mugnai and U. Biader Ceipidor: An
explicit microphysics thunderstorm model. Int. J. of Modelling and Sim., vol 25, No. 2, 112-
118 2005

Tripoli, G.J., Medaglia C. M., G. Panegrossi, S. Dietrich, A. Mugnai, E. A. Smith, 2007:
Modeling Microphysical Signatures of Extreme Events in the Western Mediterranean to
Provide a Basis for Diagnosing Precipitation from Space. Measuring precipitation from
space: EURAINSAT and the future, V. Levizzani / P. Bauer / J. Turk Ed., Springer
Netherlands, pp. 535-547.



