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A pan–Alpine 2005–2019 climatology of lightning and convective initiation

Studied domain and EUCLID sensors during 2005–2019

Domain is LON= 2.0o ÷ 19.0o, LAT= 42.0o ÷ 49.0o (∼= 0.9 mln km2) with
about 32 Vaisala LS700x lightning sensors. Cloud–to–ground (CG) flashes
homogeneously observed since 2005. Intra–cloud (IC) only since 2017.
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A pan–Alpine 2005–2019 climatology of lightning and convective initiation

2005-2019 spatial distr: CG density [#flashes km−2 year−1]

CG data kindly provided by EUCLID on a 0.025o × 0.020o (about
2.01 × 2.13 km) grid every 10–min. NE–Italy rules.
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A pan–Alpine 2005–2019 climatology of lightning and convective initiation

Spatial distr changes with months [104 #flashes km−2 h−1]

June more on Prealps. . . September more on sea/coast.
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A pan–Alpine 2005–2019 climatology of lightning and convective initiation

Domain stratified in sea/coast, plain and mountain

Following Feudale and Manzato JAMC 2014:
“sea/coast”< 5m; 5m≤“plain”≥ 400m and “mountain”> 400m.
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A pan–Alpine 2005–2019 climatology of lightning and convective initiation

Temporal distr of mean–domain CG: entire vs. 3 sub–areas

There is no
clear climate
change trend
in this short
period.

Maximum ±10

day moving–
average is
from end of
June to
mid–August.

Maximum is
at about
15–16 UTC
(16–17 solar
time).

Very high
variability
among years
of mean value
[1.9 10−4 flash/(km2 h)

= 1.7 flash/(km2 year)].

From
September to
November
sea/coast
dominates.

Only mountain
and plain have
a strong
diurnal cycle.
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Parameters to define Convective Initiation from CG data

1 The basic idea of this work is to define as Convective Initiation event
(CI) a grid box in which there are some N CG flashes in 10–min
period while there were no CG flashes in the previous D min in a
radius of R km around that grid box (spatiotemporal mask).

2 To define a CI event we used an area of a typical storm in its initial
stage, i.e. ∼ 10 × 10 km (Fig. 5a in Senf and Deneke JAMC 2017):
CI grid box (0.125o × 0.1o) is 5 × 5 CG grid boxes.

3 Starting from typical storm–duration and path–lenght (Wapler AR
2017, Nisi et al. QJ 2018) and doing sensitivity tests (only absolute
values of CI events changes, but not the distributions) the final
parameters are: D = 90min and R = 50km.

4 To avoid “secondary convection” (Hirt et al. QJ 2020) and storms in
their mature stage emerging from the spatiotemporal mask we
imposed that a CI grid box must have N ≤ 30 flashes in 10–min.

5 To avoid “ghost” flashes we imposed that a CI grid box must have
more than 1 flash in 10–min (N > 1).
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How it works? CIs of 12 June 2018 from 05 to 23 UTC
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2005-2019 spatial distr: CI density [106 #events km−2 h−1]

CI distr (at 0.125o × 0.1o) is similar to CG distr, but not identical! Every
CI event is associated to ∼ 100 CG flashes (each storm produces less than
that).
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Spatial distr of Z (CG ) − Z (CI )[]: max CG per CI in NEI

Difference between standarized CG and CI distros. Much more CG flashes
on NE–Italy plain (downstream the Veneto Prealps respect the zonal flow).
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Spatial distr of Z (CG ) − Z (CI )[]: max CG per CI in NEI

Difference between standarized CG and CI distros. Much more CG flashes
on NE–Italy plain (downstream the Veneto Prealps with respect the zonal
flow).
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Temporal distr of mean–domain CI: entire vs. 3 sub–areas

Interannual
cycle of
mean–value CI
events is flat.

Maximum ±10

day moving–
average is
between end
of May and
early August.

Maximum of
CI is 1 h before
that of CG
(about
14–15 UTC).

No differences
among years
of mean value
[1.9 10−6 CI/(km2 h)

∼= 40 CI events per day

in this domain].

Seasonal cycle
similar to that
of CG but
more flat.

Same for the
diurnal cycle.
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Temporal distr of mean–domain Z (CG ) − Z (CI )
There is a trend of decreasing CG flashes per CI
events from 2006 to 2014. 2015 has a strange
behaviour, likely due to a main update of the
lightning detection network.

From mid–April to mid–June the ±10 day
moving–average shows a lower production of CG
flashes per CI event, because those storms are less
efficient in producing CG flashes than those
occurring in summer, when potential instability is
much larger.

CI occurring at 11–12 UTC produce less CG flashes,
while CI events at evening (18–19 UTC) are
associated to more CG flashes, because there is also
the contribute of CG produced by large systems
(e.g. MCS) initiated few hour before, when
potential instability is at maximum.
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Summary & Conclusions:

1 We studied the 2005–2019 EUCLID CG lightning climatology in the
Alpine region, founding results comparable with previous studies (e.g.

Feudale and Manzato JAMC 2014, Punge et al. AR 2017, Taszarek et al. JCLI 2020).

2 In particular, it is confirmed the local maximum of CG density in
NE–Italy, and maximum mean–domain CG density in July and
15–16 UTC for plain and mountain (September for sea/coast).

3 We defined a CI event when 2 ≤ N ≤ 30 CG flashes appeared in a
∼ 10 × 10km grid box and no CI events were reported within a radius
of R = 50km around it in the previous D = 90min. Sensitivity tests
show similar distr for different thresholds of N, R and D.

4 CI distr is similar to CG but not identical: diurnal cycle peaks 1 h
before and other cycles are smoother.

5 Z (CG ) − Z (CI ) distr likely associated with many storms originating
in the Alpine/pre-Alpine areas, evolving into organized systems on the
plain and coastal areas of NE–Italy and western Slovenia, because of
higher instability, reaching maturity toward evening. Thanks!
agostino.manzato@osmer.fvg.it
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Framework and References

This work has been developed in the framework of the “Multi–scale
Transport and Exchange processes in the Atmosphere over Mountains
program and eXperiment” (TEAMx; http://www.teamx-programme.org).
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Appendix: 2017–2019 spatial distr for CG-alone vs. IC+CG

A comparison with CG–alone or
IC+CG during 2017–2019 (when
IC are ∼ 2 times more frequent
than CG) using the same
parameters (2 ≤ N ≤ 30,
R = 50km and D = 90min)
shows how only the absolute
number of CI events increases,
but not the spatial distr.
Increasing the N filter will
produce less CI events. . .
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