Operational forecasting —
what's required in the heliosphere

Mark Gibbs, Head of Space Weather
Met Office



<>~ Background

Met Office

Catastrophic Pandemicl ’
{5} andemictiu

N -astcoastflood
Significant

(4)

ffusive volcanic
Eruption
Majorindustrial Severe space

accidents weather
nland flooding

\a._.___._..-"/
=" —"‘-‘,,\
Aton‘ns and gales
Minor
(2) < Drought V’/

[

Moderate

(3)

et
O
o
o
E
QD
=
et
o
@
o

Limited Volcanic
(1) ash

Medium Low Medium Medium High
(2) (3) (4)

Relative Risk

© Crown copyright Met Office



,\d
—

Met Office
A space weather journey through time

Met Office
conduct
Met Office customer
Memorandum of engagement fo
29’“'?“‘“"“"?" ol ¢ Enlil model » Met Office oPs
services to SWPC Bkt clnkn, (Y St =
and images (NASA) forecasts for sel
integrated into Met government, cq
~N Office systems and defence o
2 3 g
o~
g : 3 :
I 11 | g H !Ill IR

f
i
%
:

-EE JANUARY2012
it
,.
| Egggf!i DECEMBER 2013

ekl
e i

& inplace

National Risk
reviewed —

%
|
E

© Crown copyright Met Office



<7~ Met Office Space Weather

e Operations Centre
(OSWOC)




7= Expert’ forecast

Met Office

=== Met Office

Bpm0e Weather Tronniosl Foresaet (Rt MO42)
azuad on Sunday, 0F Faseasy 015 &t
Thie colaniic guidnce dosument mrovider 2 fourdsy acsecement of rpase weathar
mir. The probaniisr cirisd beiow are for raashing or smossding dhe ghen lewsic. For
mors imormebon sl (pice warbr mOASE gasis pae e Mal Omoa donce Wasier
‘somes 1 0y UM edis pITIIL & 22ty S00t WE

7oA ol

=Z=Met Office

otz high speed stmam, w

#5m 1% on Senday 01 Fe

ne chance of e Actve fusnce PeESROld Being SumEssed f3ing
230% om Wednesaey 04

3pmss Wiasber Forscact Hssdiine: No Sigrificant Astity. Chance of Minor Horm Jundey
o1 and Manaey 02 Fraruary.

Anstycic of 3psce Wasther Astreity over pact 24 hourc:

s Iosges S of the period & C1.8 fom
5 e o mgices o e e

S0 lage am3 comoiex. welle 2376 ane TIT3 Rave b

facing solar disc. w268 ang IT
dzcayed b pinge

=y sisaie, peating rear uws e o
aring fowas b 5o
msaning

Miogemie solar st
i days, ana & Sig 1
ot = presess, comnel B . wen om Suniay 01 end Manday 02
o an faicg fowaTs mOwest a5 e stasgn waas Tram
ACRESITG CRENGE Of SOlar RAISNON SIS 1N T WSAAY DENCa: 0% CRANCe 0N SN0y, ASINg
52 25% oy miGwesk V eiazion S 15 mxpechad o fse In mIaeTaE red comesl

moeen

s

Figurs 2: MOSWOC Saiar Synopis Map, walld 18 UTC daturdey 31 Jemuary.

=Z=Met Office

‘Dramagnets Sorme:

Amziysis of maiaze Lesco magery

iy
which means the Crance of Minor Sio
oney C2 ez one ena ol As el 22
ey sezome grostacs

hing St 1. By % b shovie
5 & ety e, Ioas decd cod srieTebly wesker gk
Roles Isfuemat I3 expecied o wamE dOWETS TUGWESE, lesding 1o lower oo

ot high Mg Inices.

: 3DDMAIA 1T1ASWEN Angeirom sompoctls imags, chowing the dominant dark
Sius of ts coutern poisr coronsl hols. The nartsramort lobs It Inersscingly chesring
farward 2 H reachec bower irbludec. with tsir facler rofsbon fen e poiec.

=Z=Met Office

S
cectn | D oay 2 oay 2 Day +
iy . | meatume | pesturo | measumo | measumo
Fromnirly [ — - -
Miinar ar B 5
Moderate ez M = ° -
#rong e N e o
e | o N
I -
‘Geomagnete Actiily -Eartibound Coronal Mace Ejrobons
Dieime HElo: Full | Jource ource Ecimaisd | Ecimaisd | Commenit
21.6R or Partial Losation perd Aariwal
fuTe) Time
N

=Z=Met Office

Rama E1esour - X Ray Fares:

ne lagast fam o
has shown & masked Cowntem

= D25t 24 Pows, W

ure 4: The two Zurioh Pl groupe on e o il and 2277 oatiom]. M Satiened
it fam s S sorras magneiogan G 41 inagee 25 UTE T
moceiile MiWilvon Detiz tpot 16 e noreecimoridrading epat In 2277.

=== Met Office

Figurs &: Sersa A EUVI 185 Angeiram image, wifh 2 nolabis bright regian near the sac imb
revealing = largs Samant in relef Thers ic 3ico & largs squrlorial coransl hole o e nortn
o e, Wik mey dediver furinar raicad KO INISC In 2 Waea"s Bme.

PAMEInG 10 BICK oot W

S 1o I nadn - o razcent fmosat dleman
Sk
D2y 1 Doy z Day 3 o2y 4
ey Rare o | etz | s e | wess vrer | wezeven | pezevie)
P ey ™) ™) L] Ll
Asiive e N e e @ &

=2= Met Office

=

‘2otar Raciabion 3forme - (High Energy Pratoncl:

Mo solar dlsfion sioems wer se=n on Sab
® ey cvening icterd cae of the enhencement wes momst
matsides or eastem PemisoRen e

= s

Te= pmssmce c‘ swe Bsten Egmins o0 e s means
e o

e susence of SIQRICAN ars. The WESISTAOSE 0MmuD IS STUN 40 08ges
- A r T}
T et

Figure & OOE 313 Mighansrgy prolons cinos 26 January. The Diue Bne I >15MeV, chawing
resant srnanzement

-

== Met Office

HIgn Ensrgy Electron: Evant = 2av)

2

e

sas mimct
peoking =t 30pd. At

s wt gas

o
wodemie

-

-
= wail esmsisRad. g

4 S tucegh

sa: o
S

Radistion Day 1 Day 2 Day 3 Cuy 4
sorme | L | Pt | assume | wessure) | eeseume) | messuc
Frobabilthy A (Yoo = ) ) -
N w w0 =
N

53 10 MeV 2 1000 0% 800/ or £50 MeV @ 10 0% (0% = CATErs )

Crence oI Me NOR 508D SYERM tom Comnal Role 31 70 & tsing M5k
g e peo
Radiation Dy 1 Dav Day Do &
Horms Lovel | Pact3d | oy oy umc) | gead ume) | ewe2d utc) | ezevic
Fromeoay | 'omier [ Houre
“dmyt) | iveeMa) ™ ) ] ]
B N N
aowve SN0 N s B
N s 0

Figurs

emeates cinss o rebcad pcmagret

g ey —

High ansrgy sisoiranc cinoe 28 Jas

‘astietty lais on

uary. Moderais Sux has falled i3 be

25 danuary




7= Key Challenges
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CME arrival accuracy

* |nitial forecast

» Forecast update

Bz prediction or early measurement (sub-L1)

Early identification of ‘concerning’ active region

Radiation environment at aviation altitude

SEP prediction

Regional geomagnetic storm prediction

Operationally reliable data & models

© Crown copyright Met Office



=<7~ What Is operational

Met Office

* Operational standards

« 24/7/365 staffing of forecasting office.

* 99+% reliability of observing, processing &
dissemination systems

»Key web products 299.5% others 297.5%

« Redundant power, cooling & networking at all
facilities.

« Contingency plans for outages of all forecast-critical
system elements: e.g. alternate processing sites,
backup instruments for observations and backup
computers for model runs, etc...

© Crown copyright Met Office



<= QOperational MOSWOC

Met Office

All data & models mirrored across 2 computer
halls (run models & systems in-house)

2 forecasters on duty (1 dedicated)

BC laptop, relocate within building or outside

« Use data products etc from SWPC

Current issues

* Dependent on SWPC IT infrastructure
»Need multiple data centres

» Dependent on non-operational observing systems
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UK SPACE WEATHER - THE BIG PICTURE
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<7 \What is the ‘job’?
following CME launch

Met Office
* |s it Earth directed —is It fast? « ASAP
« NOAA CAT & NASA CME tool * +2-4 hrs
 Modelled arrival time AVsw, A Dsw * +4-8 hrs

« Assume substantial-ve Bz component

* |ssue Watch

« Is this where HI fits?

In-situ Ace data AVsw, A Dsw, Bz e -18 to 40 min

?7?

Issue warnings
What is the minimum no. of HI frames required?
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<7~ Initial CME forecast

Met Office

During ‘'STEREO age’ CME accuracy £7 hrs

Without STEREO +12 hrs ?

Improved CME parameterisation

« Coronagraph head-on & side-on views

Improved background heliospheric field

 Improved inner boundary

» Magnetic structures towards the east limb
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Data assimilation primer

Met Office
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« Developing in conjunction
with University of Reading

 Starting with in situ data
(plasma, magnetic field)

Plasma Density (r*N/cm’)

» Other observations may be
useful later

* e.g. Hl data — increments
more complex — 3D from 2D —
yet coverage better — less of a
point measurement

« Will be doing this with STEREO
data; proof of concept for L5

Compare ENLIL background
solar wind & in situ data at T,
(here data lower density)

3 A

7 A\
==

Apply source increment, run
ENLIL forward to T, = good
analysis — model solar wind is
balanced, yet closer to
observations — more realistic

ENLIL assimilation plans

Get local increment, & via e.g.
variational technique the source
increment at 25 Ry at T, — AT,

:I \.\‘
J/ S
',‘ 2
( f .
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(background SWrotation is not shown)
Persist source increment to

T, + AT, - better solar wind
forecasts at earth; better also
between sun & earth > more
accurate CME arrival times



=<7~ Heliospheric imagers
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Met Office Pruning a CME ensemble forecast”

« Generate synthetic Jmaps for each member

ENLIL @2013-03-15T06:00:00 -- gong

2011/02/16 18:00:00.000

Lugaz 2009,
Rollett 2013

« Compare actual & model Jmaps (auto or manual)
* Reject model members disagreeing with obs

* More realistic ensemble spread

 Intermediate step

» Forecaster apply bias correction to ENLIL run
subjectively
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Current reality
10 Sept 2014

X1.6 17.45utc

No LASCO imagery until 23.00utc
SDO AlA imagery ‘suggested’ a CME
Type Il radio burst 3,750kms-!!!

1st image 5 hours into a possible 18
hour arrival CME!

What can we do without LASCOQO?
» Currently no STEREO

Can Type Il give a realistic speed?



> Comparing IPS & ENLIL
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