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- PROBLEM DEFINITION

Sh?)rt'te_rm Reditional - - . ..
| s L solar
‘ - Risk-Analysis - -

s Ee - Post-facto Analysis -
economic —» - . Forecast .
impact ¢ S

| R

> Un-de_r'stand E .
- “Cause”

~ Analyse Data
B “Effect” .

~Non-traditional lerrestrial
(Breakthrough!)

L ong-term



~ Adata-driven, open source tool_fb( space weather f_orecastlng
g o geomagnetlc "‘~nces ‘f ahe
I ;.
- Open Access Science ML frameworks -
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SOCIOECONOMIC lMPACT

Spacecraft * Lockheed Martin * Postpone launch * Loss of spacecraft ~$500M

(Individual systems to complete | « Orbital * In orbit - Reboot systems * Commercial loss exceeds $1B
spacecra?ft fe.ulure: o * Boeing * Turn off/safe instruments * Worst case storm- $100B
communications and radiation * Space Systems Loral and/or spacecraft

effects) e NASA. DoD

Electric Power * U.S. Nuclear Regulatory Commission * Adjust/reduce system load » Estimated loss ~$400M from
(Equipment damage to electrical | « N. America Electric Reliability Corp. » Disconnect components unexpected geomagnetic storms

grid failure and blackout * Allegheny Power * Postpone maintenance * $3-6B loss in GDP (blackout)

conditions) * New York Power Authority

Airlines (Communications) * United Airlines * Divert polar flights * Cost ~ $100k per diverted flight

(Loss of flight HF radio * Lufthansa * Change flight plans
communications) * Continental Airlines » Change altitude

(Radiation dose to crew and  Korean Airlines » Select alternate e Health risks
passengers) * NavCanada (Air Traffic Control) communications

¢ $10-50k for re-routes

Surveying and Navigation * FAA-WAAS » Postpone activities * From $50k to $1M daily for single

(Use of magnetic field or GPS * Dept. of Transportation * Redo survey company
could be impacted) * BP Alaska and Schlumberger * Use backup systems

‘Severe Space Weather Events Understanding Societal and Economic Impacts:
A Workshop Report —The National Academies Press (22 May 2008)
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Oil/Gas

Power Power

Compressor Plant Supply

Station

~

Fuel Supply

Communications
End Office

Water

Banking
and Finance
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Check
Processing
Center

ATM

?¢

v

= et
Switching Transportation
Office
‘\’V/ t

\\‘ Services

Reservoir : Emergency
Substation Hospital re Station Call Center

Ambulance
Bank \+ % Government
En Services
' \

Federal Legislative Military
Reserve Pensions/Service gfﬁces Installations
Payments Treasury
Department

Electric Power : |

interconnected
qinfms'tructures -
their qualitative
c&zyencfencies. and

| inlzro@éencfencies

ource: Department of Homeland Security, National Infrastructure Protection Plan

(http://www.dhs.gov/xprevprot/programs/editorial 0827.shtm).
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SOCIOECONOM lC lMPACT

TOWQT gT li? o YYLOSI' Y SJOGLC@ weatﬁerforecasts 1S va[uaﬁfe

Jan | Feb | Mar | Apr | May' Jun | Jul | Aug | Sep | Oct | Nov | Dec
Month

-vufnemﬁfe w-s ace wearﬁer
during yemo;_srf [1 gﬁt [oow[
with | eavy e[ecmcuy ﬂows

Tom generating }ofcmts
[oao[ centers — a common - £
practice in the middle cf the °

Data from World Data Center for Geomagnetism.

nlg ﬁt durlng wrlng &)fa/ [Zl FIGURE 2.3 Incidence of Kp8/Kp9 events by month, 1932-2007, based on an analysis of 222,072 observations. SOURCE:
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G-Scale Kp Activity Level Occurrence Frequency

GO 4 & lower Below Storm

G1 Minor Storm 1700 per cycle (900 days per cycle)

G2 Moderate Storm | 600 per cycle (360 days per cycle)
G3 Strong Storm 200 per cycle (130 days per cycle)
G4 Severe Storm 100 per cycle (60 days per cycle)

G5 Extreme Storm 4 per cycle (4 days per cycle)
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=
EED | 0 A A Eries
o 2
S Physical Average Frequency
Scale | Description measure (1 cycle = 11 years)
Extreme Kp =9 4 per cycle

(4 days per cycle)

Carrington Event ] September
widespreacl clisrul:)tion of telegral:)h ] 359

Cxtreme

Severe Cxtreme Bastille Dag Cvent 14 Julg 2000 [«-=s, 100 per cycle

including 2 (60 days per cycle)

g-
Ha”oween Event
1 5] October
FExtreme Affected alrlmes, caused power
63 | strong outage, damaged transncormers, led 2005 P 300 per cydle
astronauts on 1SS to take shelter (130 days per cycle)

Severe Hydro——Queb cC 1% March 1 989

9 hour blackout
Kp =6 600 per cycle

Anik-E1 & Anik-E2 failed  20/21 January (360 days per cycle)

MOC{Crat@ Disrulotecl TV & Computer
transmission ]9 9 +

G1 Minor Power systems: Weak power grid fluctuations can occur. Kp=25 1700 per cycle
Spacecraft operations: Minor impact on satellite operations possible. (900 days per cycle)

Other systems: Migratory animals are affected at this and higher levels; aurora is commonly visible at high
latitudes (northern Michigan and Maine).

G2 Moderate
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Use this table on the
right to convert the
difference i the

maximum and
M mum
x-values for today to

aK index. The

larger the K index,
the stormier it 15 in

Earth’s magnetic
field.

K index | nT dift

[
i
-
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DATA USED

GEOMAG DATA 3 e SOLAR WIND DATA

DSCOVR Solar Wmd
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Solar wind data from swpc.noaa.gov. Plot by "9 RESE' LLC" for spaceweathernews.com
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~ MACHINE LEARNING
supervised machtie learning| = .
qe 2 nbines several weak learners
cation & regressio X ,usw@ F el > 10N ‘?8—5) that
- e ~have a slight eﬁormanc,
B  advantage over random
SR ~ guessin ‘
ensemble model -~ 7| i %
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ENSEMBLE MODELS

Ensemble models considers [ i -
' Tmitm \-L

addltlve models of the form: |

Similar to other boostrng algorrthms GBRT burlds the addrtrve model In a forward stagewrse

fashion:

Fm(_;l‘) s Fm_1(;1‘) ) ‘ (I)

" Gradient sting attempts to solve this minimization problem nmeically via steepst de-

At each stage the decision tree 4., () is chosen to minimize the loss function L giventhe 8 scent: The steepest descent direction is the negative gradient of the loss function evaluated

F m— fi m—117T; ;._'-i . . o . .
current model 1and its fit £y (z:) .~ atthe current model F,,—1 which can be calculated for any differentiable loss function:

F(z) = F_1(x) + arg min Z L(y;, Fn1(x;) + h(z)) ;:‘ | | n .
= j Fm(I) = Fm—1 (.I) — Tm Z VFL(y'i? Fm-1 (.I'i.))

The initial model Fj is problem specific, for least-squares regression one usually chooses

the mean of the target values. Where the step length 7m is chosen using line search:

()L(yz m— l( ))
OF m—1 (I-z.)

)

mn
Ym = arg min L(y;, F1(x;) —
. § :

1=1
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ENSEMBLE MODELS

HYPERPARAM ETERS

e e tﬁe numﬁer cf

* n;esﬁmOIWT o % 1—,/665 w 66 Bmﬁ“ -au[t vafues cf max features

’ max fgm-uygg _' tﬁe tree 0[ ]9 r c[asszﬁcahon

/max d/])tﬁ K 1'66 numﬁ

* n j"eatures lTlJOUtﬁ

for regresswn

* COYLU"O[:S

ﬁttmg

’ [edyning_ya@ max features = n feamres
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ENSEMBLE MODELS

HYPERPARAM ETERS ‘

CRomc[om Torest
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12 ke esﬁmalvr = IO
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& features = over 50 max features = n features
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we haven’t rm}ofemenwd it in our present stucfy
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ENSEMBLE MODELS

\ LR e ;gHYPERPARAMETERs
ﬂcfaytwe CBoostmg fxtmT ree

esumamr 5 O esumawr = 10
[earmng_mtz max feamres = de fau[t 5
K n feamres over 5 O n features = over e |
ofe au[t va[ 0 max eatures
for c[assyﬁcauon — max ‘ eatures = sop’t features)
for regression  — ‘max_features = n_features
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HYPERPARAM ETERS_
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: : - o GradientBoostingRegressor(alpha=0.9, init=None, learning_rate=0.1, loss='ls,
. max_depth=3, max_features=None, max_leaf_nodes=None, -
. . i : min_samples_leaf=1, min_samples_split=2, %
- min_weight_fraction_leaf=0.0, n_estimators=100,
presort="'auto’, random_state=None, subsample=1.0, verbose=0
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GradientBoostingRegressor(alpha=0.9, init=None, learning rate=0.1, loss='ls’,
max_depth=3, max features=None, max_ leaf nhodes=None,
min_samples leaf=1, min_samples split=2,
min_weight fraction leaf=0.0, n_estimators=100,
presort="auto’, random_state=None, subsample=1.0, verbose=0,
warm start=False) for 03h forecast
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CONCLUDING REMARKS
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