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Au tO m ate d rea I ti m e d ete Cti O n Of s O I a r A_BSTRACT Algorithms have been fjeveloped_to automatically detect Earth pound shocks in the solar_

wind as measured by the ACE satellite. These involve simple threshold techniques and wavelet analysis.
One practical application of this shock detection is that it can provide power companies with advanced

Wi n d s h O C ks a n d CO n S e q u e n Ces fo r th e warning of the potential for geomagnetically induced currents. The automatically detected shocks have

been tested against published lists of known shocks and accuracy statistics are presented. Another use

for automated shock detection is an aid to the preparation of lists of rapid variations: SSC and Sl events.

i d e n t i fi cati O n Of SS C a n d SI eve n ts To contribute to the IAGA published list of rapid variations, as prepared by Ebro Obéervatory, BGS staff

routinely identify, scale and classify the events recorded at the three UK magnetic observatories. This is
carried out using the criteria from the Atlas of Rapid Variations (1959) and subsequent IAGA instructions.

E. Clarke, O. Baillie, A.J. McKay, S. J. Reay, and A. W. P. Thomson The usefulness of automated detection of solar wind shocks for this task is examined by testing these
against lists of identified SSC and Sl events.
INTRODUCTION SHOCK DETECTION ACCURACY
Shocks in the solar wind can be useful precursors to the onset of magnetic storms. The measurements made In order to test the accuracy of the detection methods an independent reference list of shocks has been
on board the NASA ACE spacecraft, located at the L1 point, enables the detection of a shock in the solar wind | compiled. We have used the shock events list from [4]. These were originally subjectively identified by eye,
20-60 minutes before it's interaction with the Earth’s magnetic field. When detected at ground level by using measurements from the SOHO spacecraft, and checked for consistency with the magnetic field
magnetometers located at magnetic observatories these are classified either as a Storm Sudden behaviour from ACE or WIND spacecrafts. We have then modified this original list by removing those that
Commencement (SSC) or a Sudden Impulse (S/). were not clear shocks and including any extra that were clear shocks as identified by eye in the ACE data.
Ace Solar Wind Measurements (Mag, Swepam) Date : 22/01/04 A shock implies an abrupt change in the solar wind | Although we consider this the best available for comparison, it is not a definitive list of shocks and the
z z z Bz n) ' r r [ charaqteristics. The most important data for | accuracy results shown here should be considered relative rather than absolute.
o b AN ke N . SoHO/CELIASIMTOF __ Proton Monitor detetc_:tllon /are th% ?ﬁ lk speed t{krp/ ?()j t?e detrr]]sny_r Using ACE level 2 data the output for each method has been compared with the reference list over a 5 year
R i) E?]ar,biﬁ eeigr%)p?en ” sﬁoTvi%geFli;ulree 13 (rleer;’?ain(sr,]hczck period (2000 to 2004) and the results are shown in Table 1. Although the operational detection algorithms
chéracteristics such as the sign of eéch of the steps |Se _real time ACE data, which are -Of Io_wer : Table 1 : Accuracy of the shock detection methods as
m—— in the data types, can help classify the shocks as quality, we have used level 2 data in th-ls analysis comparéd to a prgpared check list of shocks
Pt T i fast/slow. forward/reverse shocks. We have to determine the results from real physical
L e e developéd two shock detection algorithms, which ChiraCter;‘]sftlﬁsf rather thart] thosgltngg_ﬁ]ed by it Shock Number | Detected Shocks in | Check List Shocks
| [ S Y1 attempt to detect and classify shocks using ACE spikes, which is a separate problem. The results Dlslte:.tlc:in odfshoclzls Check List ? Missed ?
e — |} ol H s ot show that both the High Q and the Wavelet etho stecte Es 5 5 VES
5 ,: | | N ] : methods detect a large maj(cl)rity o;: tgehsignri]ficant S 75
8 . e a1 L S i shocks. Although the High Q method has the . % % % %
| | 5 o T DETECTION BY WAVELET ANALYSIS highest percentage of those detected correct, it ﬂ:g:gand Tow O 18891 22; ;Zf 23;, 2(75;
et s 1 Figure 1 suggests a simple step function would be a | actually detects fewer numbers in the check list. Wavelets 147 80% 20% 66% 34%
WMNW Hﬂ% useful first approximation model. We are trying to Combined with Low Q the algorithm detects many |High Q and Wavelets 165 76% 24% 72% 28%
------------------------------------------------- SRS G TR 0 "o oo TorE T o o » detect an edge in the signal and characterise it. A more but also has more false alarms. The results
| | | | | | l | multi-scale edge detector based on the wavelet for the Wavelet method are probably better
M T S S S S S transform is used [2]. The analysing wavelet is the balanced.
Hour (UT) first derivative of a Gaussian function [3]. For near Pate: 14.06-2005 — —Day number: 162
Figure 1: A shock in the solar wind identified in the ACE data = real time (10 min delay) operation, the first three | | | | | | |
by all detection methods and classified as “Fast Forward”. scales of the transform are used in order to RAPID VARIATIONS Lsmin
Also shown (inset) is the same shock measured by the minimise the end effects in the data segment. . .
SOHO SPanCfafl‘)and classed as "high quality ZO'{e 4" by Shocks, of a given type, are declared ifg the cross- IE.Or ma2y yec? rSsl SSCS’dm;e t? © examtple shown in
"Shockspotter” [4]. scale product in each of the appropriate variables GUIE 2, dlIT 25 TEEOTIee gt maghee  Horizontal Iiensity In T

observatories, have been identified, classified and
scaled by observers around the world according to  1742s-
the definitions given in [7] and supplemented in [8].

exceeds pre-set thresholds. Preliminary thresholds

T 70nT

were chosen by reference to a sub-set from two published

shock lists [4,5]. Shock Detector Receiver Operating Characteristic (ROC) These events correspond to the solar wind shock | | | | ;
1.0 ' ' ' arrival at the magnetosphere and are recorded e
DETECTION BY THRESHOLD METHODS 0ol  Decreasing Threshold J almost simultaneously around the world. serco. 120“
. _ | . Automated methods of shock detection being
This shock detector works by computing the change in 0.8 . - developed within the community should help to . . ; ; . . :
each of the solar wind parameters and dividing by their ° detect, classify and scale these events. If an L
most recent standard deviations. If this ratio is bigger than %" el i accurate method can be found it would Hour {UT)
pre-defined thresholds a shock is declared. Two separate S 0.6 - o ° | significantly reduce the time taken for this task and = Figure 4: Magnetogram from Eskdalemuir Observatory on
shock monitors are in operation: the High Q method, which & ® ee e o o % remove the subjectivity that exists in the manual 14th June 2005 showing the clear SSC timed at 18:35 UT
tests for significant changes in solar wind velocity, density, 2 °° 7| ase __®® ASEFCIELE I method. In an initial study we have compared the resulting from the shock detected in Figure 3.
magnetic field strength and the component of velocity % 04 ® ooof ° . - lists of solar wind shocks (2000 to 2004) identified
nor.mal to the shock front [1]; apd_the Low Q method, 03 - “‘. i by either the High Q or the Wavelet methods with lists of rapid variations. Both the ISGI collated list of SSC
which S|_mply uses th.e ma_gnetlc field strength. The Low Q | '°"' and the list of those identified from at least one of the UK observatories are compared. The results are shown
method is gseful durm_g high energy events when the ACE 0.2 - - in Table 2. The high percentage of correct SSC predictions from the check list provides independent
SWE_PAM mstrument_ls unable to measure the speed and 01 i evidence to justify it's use as a reference. The poorer results for the automated detection methods suggest
density of the solar wind. | they are currently of limited use for SSC prediction. Our algorithms also predict the time of the SSC or SI.
In Figure 2 we show what is known as the Receiver 0.0 | | | We have analysed the accuracy
Operating Characteristic (ROC) for the Low Q method. The 0.0000 0.0005 0.0010 0.0015 0.0020 Table 2 : The percentage of shocks that are followed by SSCs. Two lists of of these predictions over the 5
ROC shows these data as a function of threshold. The False Alarm Rate (=POFD) SSCs are used in the comparison: I. the ISGI collated list; and ii. the list of year period and found that both
axes of the ROC are the probability of shock detection Threshold Method: 1 < dB/sigma < 10 (Low Q) ;S%f or %f(thgt hav? been identified as A or B class [7,8] from at least one of  1nathods predict an arrival time on
(POD) and the probability of a false detection (POFD). Red: Mozer-Briggs; Blue: SOHO Shock-Spotter Catalogues ¢ ree observatories. average 9 minutes later than the
Threshold levels decrease from left to right and we use Purple: Mozer-Briggs + Ap>20; Green: SOHO Shock-Spotter + Ap>20 _ Shock followed by _ true time. This suggests a simple
this graph to determine the optimum threshold for the , Shock List ISGI SSC ISGI SSCs predicted offset, which will be included in
method. A high POFD would be unacceptable to most Figure 2. The ROC for the Low Q method. The the next software revision.
: effectiveness is compared against 4 data sets from Check List YES =71% NO = 29% YES =78% NO =22%
users. We have chosen a compromise that produces low . : o
. 2001 [4,5]. The results in blue [5] are used for High Q & Wavelets | YES =57% NO = 43% YES = 58% NO = 42% The results of an investigation
errors but captures most events. The optimum POD and ¥ . . . .
POED were also established for both the Hiah Q threshold determining the threshold levels to use. The c_)pt/mum Shock followed by _ Into magnetic activity levels
and Wavelet methods in a similar way to thagt of the Low Q perormance of the deteclor acours a1 the poi UK SSC/SI O SSESBIs predicted following the shocks detected are
y +furthest from a diagonal line where POD=POFD. High Q & Wavelets | YES = 48% NO = 52% YES = 54% NO = 46% shown in Figure 5. Only the times
3 BGS Geomagnetic Activity and GIC Monitor - Microsoft Internet Explorer - _ . 1 DD%
|J File Edit \View Fawvorites Tools  Help REAL TIME APPLICATION When dally Ap exceeded the glven thl’eShOldS on the )
British o : day of the shock or the day following the shock are 1 @ Check List
urve LG O ' | 2 o .
S T i~ ScottishPower n 2003 a new system was counted. We see that the BGS detected shocks are 80% - m High Q & Wavelets
developed, which built on our work . . o . 1| 78%
in monitoring and modeling more likely to be followed by magnetic activity. This —
Solar Wind Candidate Shocks Geomagnetically Induced Current gives an indication that the current thre§hold levels, "
(GIC) for power companies. For the optimised for a power company user, W|t_h many of the : 19
The four most recenty detected i ourposes of a warning of likely GIC, less clear shocks being missed, also optimises the 40% - A7% 0

shocks are shown here. A time series Reported Time of Shock Indlcated by Dashed Vertlical Line

detection mechanism as a warning of ensuing

of the ACE solar wind data at the time |k et C L the shock detection algorithms e activit _
AL R ot | discussed here were implemented geomagnetic activity. 20% 1 250,
':ll-:'l-'lr'r'l-ﬁ-l'lr'lli;’[-lI:I actiy ity - ;':'1}'|::j E;-hl:l[Z:l-::j—’['-_-,-':[::n:;—:e, r 2% Ml | | for real time application. When ]

the shock fime i
corios. Tho dached verical ing — = detected, shocks are posted on fhe | cONCLUSIONS AND FUTURE WORK 0% . .
highlights  the candidate shock. : : E E e SWIMIC [6] Web pageS (Flgure 3) i Active Minor Storm Mﬂjﬂr Storm
cDeC L e AT 0. R P ——y B T During office hours BGS staff We conclude that the current shock detection system (Ap > 15) (Ap > 30) (Ap > 50)
Maahetic Field (Biotl Density and ! remove any clear false alarms. This | is fit for purpose, in that it acts as a warning of likely _ |
Speed. Obvious _g;a;::uz;' or data-spikes proves necessary as the near real GIC. Figur e 5 : The percentage of shocks deteCted.by either
at the time of candidate shock | SRS N S S LN time ACE data are prone to qaps _ the High Q or the Wavelet method and those in the
suggest a false alarm. — sl | . P 9ap The results of this study suggest some changes to the  check list, that are followed by geomagnetic activity.
The deta for each shock can be - . and spikes. The four buttons along | gimple threshold algorithm may be desirable. The High  Three activity levels are shown.
A e I A B Lo el R the bottom of the page are links to : -
displayed by roling the poirter over N S B .. i _ GIC 9 Wh Q method would be improved by lowering some of the
edcn or e SNock NUMbers Delow, I I I
et i ruibeicdtE finaitor L 1€ various 51L Services. vvhen a thresholds and the Low Q improved by increasing the
the most recent event. You can click ' ' - : ' ' Slg n IfICant event occu S, the

threshold to lower the number of false alarms. Further analysis of the ROC for both the threshold and the

Wavelet detection is recommended, however it should be remembered that the optimum combination of POD
and POFD is user specific.

on the numbers to zoom in on the plot. relevant button is animated and
Shock Detectd a1 (GHT e 1alo82008 changes colour as is the case in

| IV gitesme e i this example for the solar wind | o | |
‘ event button (pink). It ought to be possible to automate the identification and scaling of SSCs and S/s. The results of this study

indicate this, although it will not be a simple task, especially if homogeneity of the global SSC catalogue is to
M be maintained. It is more likely that any automatic detection algorithm will still need to be supplemented by a
manual decision making process. If the IAGA requirement to measure these events continues, then we plan
Figure 3. The solar wind shock web page [6]. The dashed line on the plot indicates to develop this work further.
the estimated time of the shock. At any given time the last four detected shocks

can be displayed with the expected SSC time listed at the bottom of the page. The
SSC associated with this shock is shown in Figure 4.
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