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About me.

Met Office
« Background: Cloud microphysics modelling.

* Develop and maintain the Unified Model
microphysics:

» Wilson and Ballard (1999)

* Cloud-AeroSol Interacting Microphysics
(CASIM) : New scheme being developed.

 Lightning Parametrization (& forecasting
aspects) — speciality.
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UK thunderstorm hazards
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Three dead after passenger train
derails near Stonehaven
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Stonehaven train derailment
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Helicopter-Triggered Lightning
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This case had
werome N0 Observed
lightning!

[Analysis chart valid 12 UTC WED 19 DEC 2018

Geostrophic wind scale
in kt for 4.0 hPa intervals
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08387 on 19 Dec 2018.
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Rapid Storm Intensification Prior to Lightning

Met Office

UK storms have rapid
Intensification prior to first
lightning.

Radar reflectivity 1.

Updraught velocity,
updraught area & graupel
mass also 1.

www.metoffice.gov.uk

Height (km)

Reflectivity (dBZ)

10 10 10
11:30 11:35 11:40
60 =
8154
48 B
22
6 36 2
30 ©
@
41124 =
18 &
12 %
2{le g
0 <
0
60 60 60
——  75th %ile
50 . 50
— Median
40 Maximum 0
— 75th %ile of column
30 0
20 0
10 10
0 / 0 0 s
135 140 145 150 155 140 145 150 155 140 150 155 160 165

Distance (km)

Distance (km)

Distance (km)

Courtier, B. M. et al. (2019, Atmospheric Science Letters).
https://doi.org/10.1002/asl.873
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Forecasting Technigues &
Met Office MethOdS

« Large-scale stability indices (e.g. CAPE/CIN, Lifted Index).

 High-resolution modelling:

o Statistical Lightning Parametrizations — such as at Met Office.

« Lightning Potential Index (after Yoav Yair — function of vertical
velocity and hydrometeor water contents).

 Explicit charging schemes (e.g. Barthe and Pinty, Fierro et al,
Courtier et al.) — can be expensive.
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McCaul et al (2009) Lightning

parametrization
(Weather and Forecasting)

Met Office
F = 0.95F; + 0.05F,

F, = 0.042wq,(—15°C)

F, = jP(Qi +qs + qq)dz

In words
Number of lightning flashes is:

* 95% due to the upward flux of graupel (soft
hail) at -15 Celsius level; and

R At —

* 500 due to the total ice mass
(ice+snow+graupel) in the column.
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Sample forecast output
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Lightning verification

Met Office

« Parametrization produces direct equivalent to observations
(unlike e.g. CAPE).

» High grid resolution of LAMs means suffering from the double-
penalty effect at grid scale.

* Miss by 1 grid box = 1 miss and 1 false alarm.

* CG-Lightning is an instantaneous, point measurement
(compared to e.g. precipitation).

» But flashes can also pass over several grid cells.
« Model output is ‘flash origin densities’.

* No lightning sensor is 100% efficient.

. Met Office ATDnet: ~90% CG: 26% IC. (’/
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Forecasts often biased — often quite
high bias compared to other

parameters.

Many studies use the Clark et al
(2010) method, developed for
precipitation, but applied to lightning.

But potentially flawed if bias # 1

FSS not good in biased case either.
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Lightning Verification

Met Office
* Percentile thresholds? oo

A Technique for Verification of Convection-Permitting NWP
Model Deterministic Forecasts of Lightning Activity &

* My technique: three . e s s
forecast properties Bl spitscreen = Views v ) PDF o8 hare 8 Cite (© GetPermissions
evaluated:

« Coverage
* Intensity (num. strikes)

* Distance to/from forecasts
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Intensity Score

UKV, June 2016 results from

« UKV performs well in distance (top row).

« Coverage good.

Wilkinson (2017)

« Too intense by factor of 5, including accounting for Obs. bias.
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Lightning Verification
Met Office
« Percentile thresholds? o5 A Technique for Verfication of Convection-Permiting NP

Model Deterministic Forecasts of Lightning Activity &
Jonathan M. Wilkinson B
o M y te C h n I q u e : th re e . h“::;‘Ec::.zijf(:.;’::;;\);\l:;-1[1:.16-0106.1 Article history (&
fo re CaSt p ro p e rtl eS Split-S5creen = Views PDF Share
evaluated:

« Coverage
* Intensity (num. strikes)

* Distance to/from forecasts
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Decider has set
of 30 weather
patterns based
solely on mean
sea level
pressure.

Forecast tool
shows which
patterns are
predicted
based on
Global model
outputs (e.g.
ECMWF).
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Regime 24 of

Mean Sea Level Pressure (MSLP) anomalies (hPa)
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20eilll Today's 00Z ECMWF Climatology
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Regime 3 2 | w0 | 2 Anticyclonic SWly, ridge over N France Regime 3 | 1.9%  1.9% 23% 5.2%
Regime 4 P & e 6 2 4 4 Unbiased Wiy Regime 4 2.3% 4.2%
Regime 5 4 E 8 1 3 1 Unbiased Sly, high over Scandinavia Regime 5 4.8%
Regime & 4 6 ] 10 Anticyclonic, Azores high ext. Regime & 4.9%
Regime 7 8 6 10 4 4 Cycionic SWly. low WNW of Ireland Regime 7 4.9%
Regime 8 6 - 4 18 --- 2 2 4 6 Cydlonic Wly. low near Shetland Regime 8 4.6%
Regime 9 4 8 4 4 Anticyclonic N-NEly. high near lceland Regime & 4.5%
Regime 10 - 2 4 AntiyclonicW-SWly, slight Azores ridge Regime 10 4.3%
Regime 11 14 18 B 2 2 2 4 0 12 10| 4 4 Cyclonic, low centred over southern UK Regime 11 2.6%
Regime 12 2 2 Anticyelonic Sly, high over Faland Regime 12 265
Regime 12 4 12 14 14 Anticyclonic NWly, high SW of lreland Regime 13 T
Regime 14 2 2 4 [ Cyclonic N-MWly, low near § Sweden Regime 14 5
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Regime 25 2 1 10 ] Anticyclonic Nly, high centre Irish Sea Regime 24 1.4% 2.0%
Regime 26 b3 4 Cyclonic NWly, low nesr Norway, windy Regime 25 1.1% 2.1%
Regime 27 2 | 4 2 2 i ic Ely, high in ian Sea Regime 26 1.3% 20%
Regime 28 Cyclenic SEly, low SW of UK Regime 27 0.8% 2.8% 1.8%
Regime 28 =[5 8 & < 2 Cyclonic 8-8Wly, deep low W of Irzland Regime 28 20% 08% 03%  01% 02% 07% 1.3% 21% | 28% 1.7%
Regime 30 2 10 8 12 € Cyclanic W-SWly, de=p low SE of leeland Regime 29 16%  08% 03% 02% 032% 08% 12% 22% 285% 1.7%
oo L L T e Y L L L B B I e B - Regime 30 | 3.0% | 2.5% 11% | 0.5% | 0.2% 02% 04% 09% | 17%  24% | 2.0% 1.5%
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Met Office

» Ignore observations
outside the radar
domain and any in
continental Europe.

« Draw a 10-mile (16
km) radius around
each to be the
‘thunder area’.

« Example: 18 Oct 2019
118144 km?(11.09% of
the domain).

www.metoffice.gov.uk
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Regime definition derived using 1850 to 2003 Regime definition derived using 1850 to 2003
EMULATE observation data EMI tion data
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Regime defintion derived us 1850 to 2003
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Regime 24 of 30
Regime definition derived using 1850 to 2003
EMULATE observation data
MetOffice  MSLP mean values plotted in foreground (hPa)

6 June Obs./forecasts
Metofice  (Pattern 24 event)
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Met Office

6 June Obs./forecasts
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Met Office
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6 June Obs./forecasts
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Regime definition derived using 1850 to 2003
EMULATE observation data
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Met Office
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Future Steps: Machine Learning?

Met Office

Envisage two strands of work:

nature » npj clima
MENU v | npj | Climate and Atmospheric Science

Article ‘ Open Access ‘ Published: 08 November 2019

1 . Red U Ce the COSt Of Nowcasting light:ning occurrence from

commonly available meteorological

CO m p Utatl O n al Iy eXpe n S IVe parameters using machine learning

techniques

] . . . -
eXp I I Clt C h a.rg I n g | I g htn I n g Amirhossein Mostajabi, Declan L. Finney, Marcos Rubinstein & Farhad Rachidi &
- - npj Climate and Atmospheric Science 2, Article number: 41 (2019) ‘ Cite this article
p aral I I e rl Z a I O n S [ 7704 Accesses | 2 Citations | 261 Altmetric | MMMMMMM
Abstract

2. Try and predict lightning events
using observations in the short-
range and the medium range by
exploring variable space.

www.metoffice.gov.uk © Crown Copyright 2016, Met Office




Summary

Met Office

« High-resolution NWP allows more realistic prediction of
thunderstorm-like systems.

« Can therefore forecast lightning (+ hail, turbulence) with more
realism.

A lot of work still to be done to fully get the maximum value
from these forecasts:

« Ensembles, Verification, Post-Processing, Machine Learning?
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Collaborations?

Met Office

« Always happy to work with other centres to pool scientific
knowledge.

 Orcid: https://orcid.org/0000-0002-6906-4999

 Publons:

https://publons.com/researcher/1542754/jonathan-
wilkinson/

« Email: jonathan.wilkinson@ metoffice.gov.uk




Thank You!
Any guestions?




