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SUMMARY

The Korean Space Weather Center (KSWC) of the National Radio
Research Agency (RRA) is a national institute which is the official source
for space weather forecasts and alerts for Republic of Korea and also a
Regional Warning Center of the International Space Environment Service
(ISES).

KSWC started to produce daily forecasts of solar and geophysical
events officially from March 2012 and has provided them to multiple
government and private organizations in the fields of telecommunication,
satellite operation, aviation, power grid, GPS navigation and national
defense as well, those are essential to safeguarding critical national
infrastructures.

In order to improve the quality of KSWC’s forecast service, we
developed a new solar flare forecast tool that gives a good statistical
guidance to forecasters to determine flare probability for Radio Blackout
Forecast. We also conducted forecast verification study and made
comparison with the forecast accuracy of NOAA Space Weather
Prediction Center, the World Warning Agency of ISES.

Solar flare prediction has been at the core of space weather research
and a number of different approaches have been developed. However,
many of ISES RWCs still rely on the traditional flare prediction method
which rules of thumb are incorporated by a human forecaster. That is
apparently somewhat subjective, because the forecast decision depends
on the expertise of an operator and it has not been evaluated
statistically. So, we have investigated solar flare probability depending on
several sunspot characteristics (McIntosh classification, Mt. Wilson
magnetic classification, sunspot area and previous flare activity) and their
changes. We developed a solar flare forecast tool applying the study
result. We showed how this new tool works in practice by deploying at
KSWC.
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1. flareProbToolMain_h04.m

% Created - Sunhak Hong 2012-01-02

% Edited - Sunhak Hong 2012-01-04

% Edited — Sunhak Hong 2012-02-19

% Auto SRS get function added

% Edited - Sunhak Hong 2012-02-20

% 3day Forecast added

% Edited - Sunhak Hong 2012-03-04

% Xray Event Duration added

% Edited — Sunhak Hong 2012-03-11

% standard deviation added when show average flare duration
% Edited - Sunhak Hong 2012-04-27 (Ver. h07)

% Poisson—distributed process : Pu(N > 1) = 1 2 Pu(N = 0) = 1 ? exp(?w)
% Edited - Sunhak Hong 2012-04-27 (Ver. h08)

% Addind Broomfield's data of flare rate

% Edited - Sunhak Hong 2012-05-04 (Ver. h09)

% Comparing with previous day

% Edited — Sunhak Hong 2012-06-07 (Ver. h10)

% Debugging for ERO case

% Edited - Sunhak Hong 2012-06-12 (Ver. h11)

% Debugging for ERI case

% Edited - Sunhak Hong 2012-11-20

% change m file name to flareProbToolMain_hO1.m

clear all

disp(");

disp('Solar Flare Probability Tool - Ver. 1.03");

disp(");

disp(' > 1. Trying getting the latest SRS");

filex = 'http://www.swpc.noaa.gov/ftpdir/latest/SRS.txt';

%filex = 'http://www.swpc.noaa.gov/ftpdir/forecasts/SRS/0609SRS.txt';
latestSRS = urlread(filex);
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dataLine = textscan(latestSRS, '%4f %c%2{%c%2f %f %f %s %f %f %s', 'headerlines',
10);

position = findstr(latestSRS, "Issued:");

dateLine = textscan(latestSRS(position+ 9:position+ 9+ 10), '%s");

dateStr = datestr(sprintf('%s %s
%s',char(dateLine{1,1}(2)),char(dateLine{1,1}(3)),char(dateLine{1,1}(1))));
disp(sprintf(' > 2. Got %s SRS data',dateStr));

disp(latestSRS);

9o %0 %0 %0 %o Yo Yo Vo Fo To Fo Fo To Fo Fo To T To Yo Yo Fo Fo Fo Fo Fo Fo Fo Fo Fo Yo Yo Yo Fo Fo Fo Fo Fo Jo
% tblRegions : 1996-2011

% SWPC1988 : 1988-1996

% Kildahl1969 : 1969-1976

G0 %0 %0 %0 %o Yo T Vo Fo To To Fo Fo Fo To T Yo Yo Yo Vo Fo Fo To Fo Fo Fo Fo Fo Fo Yo Yo Yo To Fo Fo Fo Fo Jo
disp(" > 3. Reading the history data of sunspots and flares ");
disp(' Data period : 1969-1976, 1988-1996, 1996-2011(daily data)");
load tblRegions

load xrayEvents

load SWPC1988

load Kildahl1969

sRegionMagTypes = ['A', 'B', 'G', 'D'];

disp(" > 4. Calculating solar flare prob. of each sunspot ");
for i = 1:length(datalLine{1,1})

sRegionNum = dataLine{1,1}(i);

sLocation = sprintf('%c%02.0{%c%02.0f',char(dataLine{1,2}(i)), dataLine{1,3}(),
char(dataline{1,4}(i)), datalLine{1,5}());

sRegionClass = char(datalLine{1,8}());

sRegionArea = dataLine{1,7}();

sRegionMag = char(dataLine{1,11}(1);

[flareProbBasedObs, flareProbBasedEst, numOfOnDiskDay] =
flareProb_h05(tblRegions, SWPC1988, Kildahl1969, sRegionClass);

% Poisson-distributed process
flareProbBasedObs = (1-exp(-flareProbBasedObs/100))*100;




[flareDuration, stdFlareDuration] = flareDuration_h03(tblRegions, xrayEvents,

sRegionClass);

activeRegion{i}.sRegionNum = sRegionNum;
activeRegionii}.sLocation = sLocation;
activeRegion{i}.sRegionClass = sRegionClass;

activeRegion{i}.sRegionArea = sRegionArea;

sRegionMagCapitalLetter = [];
for k = 1:4
tmp = strfind(sRegionMag, sRegionMagTypes(k));
sRegionMagCapitalLetter = [sRegionMagCapitalLetter, sRegionMag(tmp)];
end
%activeRegion{i}.sRegionMag = sRegionMag;
activeRegion{i}.sRegionMag = sRegionMagCapitalLetter;

activeRegion{i}.flareProbBasedObs = flareProbBasedObs;
activeRegion{i}.flareProbBasedEst = flareProbBasedEst;
activeRegion{i}.numOfOnDiskDay = numOfOnDiskDay;
activeRegion{i}.flareDuration = flareDuration;

activeRegion{i}.stdFlareDuration = stdFlareDuration;

if strempi(char(datalLine{1,4}(1), 'e")
(-1) * dataLine{1,5}();

dLongitude
else %if west
dLongitude = dataLine{1,5}();

end
dLongitudeDay2 = dLongitude + 13.5;
dLongitudeDay3 = dLongitude + 13.5%2;

iOnTheDiskDay2 = 1;
if dLongitudeDay2 < 0O
sLocationDay2 = sprintf('%c%02.0fE%02.0f',char(datalLine{1,2}()),
dataLine{1,3}(i), abs(dLongitudeDayZ2));
else %if west
sLocationDay2 = sprintf('%c%02.0fW%02.0f',char(dataLine{1,2}(i)),
dataLine{1,3}(i), abs(dLongitudeDayZ2));
if abs(dLongitudeDay2) > 90
iOnTheDiskDay2 = 0;

qr
Ju
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end

end

iOnTheDiskDay3 = 1;
if dLongitudeDay3 < 0O
sLocationDay3 = sprintf('%c%02.0fE%02.0f',char(datalLine{1,2}()),
dataLine{1,3}(i), abs(dLongitudeDay3));
else %if west
sLocationDay3 = sprintf('%c%02.0fW%02.0f',char(dataLine{1,2}(i)),
dataLine{1,3}(i), abs(dLongitudeDay3));
if abs(dLongitudeDay3) > 90
1OnTheDiskDay3 = 0O;
end

end

activeRegion{i}.sLocationDay2 = sLocationDayZ2;
activeRegion{i}.sLocationDay3 = sLocationDay3;
activeRegion{i}.iOnTheDiskDay2 = iOnTheDiskDay2;
activeRegion{i}.iOnTheDiskDay3 = iOnTheDiskDay3;

end

%debug
%activeRegion{1}.flareProbBasedObs = [50 50 50 501;

Podisp(' ');
djsp('***DAYl>'s>s<>x<****>'s*********>s<****>'s*********>k>s<>x<>x<>x<*>'s************************');
disp(REGION LOCATION SPOT CLASS PROB. FROM OBS. PROB. FROM OLD
EST. ON DISK DAY FLARE DURATIONY;
disp(' C/M/X C/M/X/P

[MIN] 0
multiTmpl = [1 11 1];
multiTmp2 = [1 11 1]

for j = 11
strDspl=sprintf(' %4.0f %7s %s %3.0f %2.0f %2.0f %2.0f
%2.0f %2.0f %2.0f %5.0f %5.0f(+ /-%1.01)', ...

activeRegion{j}.sRegionNum, ...

activeRegion{j}.sLocation, ...

upper(char(activeRegion{j}.sRegionClass)), ...
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activeRegion{j}.flareProbBasedObs(1:3), ...
activeRegion{j}.flareProbBasedEst, ...
activeRegion{j}.numOfOnDiskDay, ...
activeRegion{j}.flareDuration/60, ...
activeRegion{j}.stdFlareDuration/60);
disp(strDsp1);
if ~isnan(activeRegion{j}.flareProbBasedObs(1))
multiTmpl = multiTmpl .* (1 - activeRegion{j}.flareProbBasedObs./100);
multiTmp?2 = multiTmp2 .* (1 - activeRegion{j}.flareProbBasedEst./100);
end

end

flareProbBasedObsAll = (1 - multiTmp1)*100;
flareProbBasedEstAll = (1 - multiTmp2)*100;

%if flareProbBasedObsAll(1) > 99
% flareProbBasedObsAll(1) = 99;
%end

disp(");
strDsp2=sprintf(' TOTAL %2.0f %2.0f 9%2.0f %2.0f
%2.0f %2.0f %2.0f', ...
flareProbBasedObsAll(1:3), ...
flareProbBasedEstAll);
disp(strDsp2);

disp('*>l<>l<***>|<**>k*****>k>l<>l<***>|<>|<**>$<****>'ﬂ******>|<*>l<>k*****>k***********************');

% the first day's total flare prob
flareProbBasedObsAllDay1l = flareProbBasedObsAll;

disp(");
disp('*>k*DAYZ**>x<*****>k>k******>k*************>|<>k>k******************************');
disp('(REGION LOCATION SPOT CLASS PROB. FROM OBS. PROB. FROM OLD
EST.";

disp(' C/M/X C/M/X /P
multiTmpl = [1 11 15
multiTmp2 = [1 11 1];




FEMuEA o 2zn "ot 2 JHMo

et
ret
e
4

for j = 11
strDspl=sprintf(" %4.0f %7s %s %3.0f %2.0f %2.0f %2.0f
%2.0f %2.0f %2.0f', ...
activeRegion{j}.sRegionNum, ...
activeRegion{j}.sLocationDay2, ...
upper(char(activeRegion{j}.sRegionClass)), ...
activeRegion{j}.flareProbBasedObs(1:3) .* activeRegion{j}.iOnTheDiskDay2, ...
activeRegion{j}.flareProbBasedEst .* activeRegion{j}.iOnTheDiskDay2);
disp(strDsp1l);
if ~isnan(activeRegion{j}.flareProbBasedObs(1))
multiTmpl = multiTmpl .* (1 - activeRegion{j}.flareProbBasedObs./100 .*
activeRegion{j}.iOnTheDiskDay2);
multiTmp2 = multiTmp2 .* (1 - activeRegion{j}.flareProbBasedEst./100 .x
activeRegion{j}.iOnTheDiskDay?2);
end

end

flareProbBasedObsAll = (1 - multiTmp1)*100;
flareProbBasedEstAll = (1 - multiTmp2)*100;

%if flareProbBasedObsAll(1) > 99
% flareProbBasedObsAll(1) = 99;
%end

disp(");
strDsp2=sprintf(' TOTAL %2.0f %2.0f %2.0f %2.0f
%2.0f %2.0f %2.0f', ...
flareProbBasedObsAll(1:3), ...
flareProbBasedEstAll);
disp(strDsp2);

disp('*>l<>l<***>|<**>k*****>k>l<>l<***>|<>|<**>$<****>'ﬂ******>|<*>l<>k*****>k***********************');

disp(");

disp (s DAY Sttt sttt ok sttt s skttt st s stk sk sttt sk sttt sk st skkokok ) |
disp(REGION LOCATION SPOT CLASS PROB. FROM OBS. PROB. FROM OLD
EST.";

disp(' C/M/X C/M/X/P)
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multiTmp1l [T111]
multiTmp2 = [1 11 1];

for j = 11
strDspl=sprintf(" %4.0f %7s %s %3.0f %2.0f %2.0f %2.0f
%2.0f %2.0f %2.0f', ...
activeRegion{j}.sRegionNum, ...
activeRegion{j}.sLocationDay3, ...
upper(char(activeRegion{j}.sRegionClass)), ...
activeRegion{j}.flareProbBasedObs(1:3) .* activeRegion{j}.iOnTheDiskDay3, ...
activeRegion{j}.flareProbBasedEst .* activeRegion{j}.iOnTheDiskDay3);
disp(strDsp1);
if ~isnan(activeRegion{j}.flareProbBasedObs(1))
multiTmpl = multiTmpl .* (1 - activeRegion{j}.flareProbBasedObs./100 .*
activeRegion{j}.iOnTheDiskDay3);
multiTmp2 = multiTmp2 .* (1 - activeRegion{j}.flareProbBasedEst./100 .x
activeRegion{j}.iOnTheDiskDay3);
end

end

flareProbBasedObsAll = (1 - multiTmp1)*100;
flareProbBasedEstAll = (1 - multiTmp2)*100;

%if flareProbBasedObsAll(1) > 99
% flareProbBasedObsAll(1) = 99;
Y%end

disp(");
strDsp2=sprintf(' TOTAL %2.0f %2.0f %2.0f %2.0f
%2.0f %2.0f %2.0f', ...
flareProbBasedObsAll(1:3), ...
flareProbBasedEstAll);
disp(strDsp2);

disp('*>l<*****>|<>'ﬁ>k*****>1<>l<>k****>|<>:<>k******>l<>k****>|<********************************');

Do % %0 To %o T To To To To To To To To To To To To To To To To To To To o To To o To To o Fo To o Fo To To

% Comparing with the previous day
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900 %o T Yo Yo To To To To To T Yo To Jo To To To T Yo T Jo To To To o T Yo Jo To To To To Yo Yo Yo Jo Yo

dateNum = datenum(dateStr);

dateNumPreDay = addtodate(dateNum, -1, 'day");

dateVecPreDay = datevec(dateNumPreDay);

filexPreDay = sprintf(‘http://www.swpc.noaa.gov/ftpdir/forecasts/SRS/%02d%02dSRS.txt',
dateVecPreDay(2), dateVecPreDay(3));

disp(' > 5. Trying getting the previous day SRS");

preDaySRS = urlread(filexPreDay);

dataLine = textscan(preDaySRS, '%4f %c%2{%c%2f %f %f %s %f %f %s', 'headerlines',
10);

position = findstr(preDaySRS, "Issued:");

dateLine = textscan(preDaySRS(position+ 9:position+ 9+ 10), '%s");
dateStr = datestr(sprintf('%s %s
%s',char(dateLine{1,1}(2)),char(dateLine{1,1}(3)),char(dateLine{1,1}(1))));
disp(sprintf(' > 6. Got %s SRS data',dateStr));

%disp(latestSRS);

disp(sprintf(' > 7. Comparing with previous day"));

activeRegionPreDay = [];
for i = l:length(dataLine{1,1})

sRegionNum = dataLine{1,1}(1);

sLocation = sprintf('%c%02.0{%c%02.0f',char(dataLine{1,2}(i)), dataLine{1,3}(),
char(dataline{1,4}(i), dataLine{1,5}());

sRegionClass = char(dataLine{1,8}(1));

sRegionArea = dataLine{1,7}();

sRegionMag = char(datalLine{1,11}(1));

activeRegionPreDay{i}.sRegionNum = sRegionNum;
activeRegionPreDay{i}.sLocation = sLocation;
activeRegionPreDay{i}.sRegionClass = sRegionClass;

activeRegionPreDay{i}.sRegionArea = sRegionArea;

sRegionMagCapitalLetter = [];

for k = 1:4
tmp = strfind(sRegionMag, sRegionMagTypes(k));
sRegionMagCapitalLetter = [sRegionMagCapitalLetter, sRegionMag(tmp)];
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end

%activeRegionPreDay{li}.sRegionMag = sRegionMag;

activeRegionPreDay{i}.sRegionMag = sRegionMagCapitalLetter;
end

numTodayActiveRegions = length(activeRegion);

numPreDayActiveRegions = length(activeRegionPreDay);

dlsp('***************************************>Y>l<*****************************'),

%dispLineHeader = sprintf('Number

LocationWt AreaWt MagWwt ClassWt
C/ M/ X"
dispLineHeader = sprintf('NumberWt LocationWt AreaWt MagWt ClassWt
C/ M/ XY);
disp(dispLineHeader);

for i = l'numTodayActiveRegions
flagFindSameRegionNum = 0;
for j = l:numPreDayActiveRegions

if activeRegion{i}.sRegionNum == activeRegionPreDay{j}.sRegionNum
flagFindSameRegionNum = 1;

%dispLinel = sprintf('%4d %6sWt %3d->%3d

%3s—>%3sWt
%3s—>%3s %2.0/%2.01/%2.0f', ...

dispLinel = sprintf('%4dWt %6sWt %3d->%3dWt %3s->%3sWt
%35=>%3sWt %2.0f/%2.0f/%2.01f", ...

activeRegion{i}.sRegionNum, ...

activeRegion{i}.sLocation, ...

activeRegionPreDay{j}.sRegionArea, activeRegion{i}.sRegionArea,
activeRegionPreDay{j}.sRegionMag, activeRegion{i}.sRegionMag,
activeRegionPreDay{j}.sRegionClass, activeRegion{i}.sRegionClass, ...

activeRegion{i}.flareProbBasedObs(1:3));
disp(dispLinel);

tmpTargetSpot{i}.spotNum = activeRegion{i}.sRegionNum;
tmpTargetSpot{i}.classToday = upper(activeRegion{i}.sRegionClass);
tmpTargetSpot{i}.magToday = activeRegion{i}.sRegionMag;
tmpTargetSpotii}.areaToday = activeRegion{i}.sRegionArea;
tmpTargetSpot{i}.magPreday =

activeRegionPreDay{j}.sRegionMag;
tmpTargetSpot{i}.areaPreday =

activeRegionPreDay{j}.sRegionArea;
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elseif (j == numPreDayActiveRegions) && (flagFindSameRegionNum == 0)
%dispLine2 = sprintf('%4d %6sWt new—>%3d new->%3sWt
new->%3s %2.01/%2.0{/%2.0f', ...
dispLine2 = sprintf('%4dWt %6sWt new->%3dWt new->%3sWt
new->%3sWt %2.0{/%2.0{/%2.0f', ...
activeRegion{i}.sRegionNum, ...
activeRegion{i}.sLocation, ...
activeRegion{i}.sRegionArea, ...
activeRegion{i}.sRegionMag, ...
activeRegion{i}.sRegionClass, ...
activeRegion{i}.flareProbBasedObs(1:3));
disp(dispLine2);

tmpTargetSpot{i}.spotNum = activeRegion{i}.sRegionNum;
tmpTargetSpot{i}.classToday = upper(activeRegion{i}.sRegionClass);
tmpTargetSpot{i}.magToday = activeRegion{i}.sRegionMag;
tmpTargetSpot{i}.areaToday = activeRegion{i}.sRegionArea;
tmpTargetSpot{i}.magPreday = NaN;

tmpTargetSpot{i}.areaPreday = NaN;

end
end

end

strDsp2=sprintf(TOTAL WtWtWtWtWtWtWtWwt %2.0f/%2.01/%2.0f",

flareProbBasedObsAllDay1(1:3));
disp(strDsp2);

dispC**********************************************************************0;

disp(sprintf(' > 8. Suggested Flare Prob. depending on Sunspot Characteristics & Their
Changes"));
disp(' Data period : 1996-2011(daily data)");

diSpC**********************************************************************************

EET TN

dispLineHeader = sprintf('NumberWt byMagWt byAreaWt byMagChangeWt
byAreaChangeWt MeanWt Std";

disp(dispLineHeader);
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meanMultiFlareProb = [1 1 11;
stdMultiFlareProb = [1 1 11;

meanVecFlareProb = [1;
stdVecFlareProb = [1;

cflareProbVecName{1l} = 'tmpFlareProb.ByMag';
cflareProbVecName{2} = 'tmpFlareProb.ByArea';
cflareProbVecName{3} = 'tmpFlareProb.ByMagChange';
cflareProbVecName{4} = 'tmpFlareProb.ByAreaChange';

if 0 %test
tmpTargetSpot{1}.spotNum = 1428;
tmpTargetSpot{l}.classToday = 'DAO";
tmpTargetSpot{1}.magToday = 'B"
tmpTargetSpot{1}.areaToday = 180;
tmpTargetSpot{l}.magPreday = 'B';
tmpTargetSpot{1}.areaPreday = 300;

tmpTargetSpot{2}.spotNum = 1429;
tmpTargetSpot{2}.classToday = 'EKC';
tmpTargetSpot{2}.magToday = 'BGD";
tmpTargetSpoti2}.areaToday = 1170;
tmpTargetSpot{2}.magPreday = 'BGD";
tmpTargetSpot{2}.areaPreday = 950;

tmpTargetSpot{3}.spotNum = 1430;
tmpTargetSpot{3}.classToday = 'DAO'";
tmpTargetSpot{3}.magToday = 'B";
tmpTargetSpot{3}.areaToday = 180;
tmpTargetSpot{3}.magPreday = 'B';
tmpTargetSpot{3}.areaPreday = 200;

tmpTargetSpot{4}.spotNum = 1431;
tmpTargetSpot{4}.classToday = 'CRO";
tmpTargetSpot{4}.magToday = 'B"
tmpTargetSpot{4}.areaToday = 20;
tmpTargetSpot{4}.magPreday = 'B';
tmpTargetSpot{4}.areaPreday = 30;
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numTodayActiveRegions = 4;

end

for i = l:'numTodayActiveRegions

structTargetSpot = tmpTargetSpot{i};

if ~isnan(structTargetSpot.areaPreday)

tmpFlareProb = suggestFlareProb_h02(structTargetSpot);

% if sample number is too small for a certern category
% omit the discarded flare prob vec when making average
vec4MeanMake = [1;
vec4StdMake = [1;
for j = 1:4
eval([sprintf('tmpProb = %s;', char(cflareProbVecName{j})]);
if sum(tmpProb) ~= 0
vec4dMeanMake = [vec4MeanMake; tmpProb];
end

end

meanTmpFlareProb = mean(vec4MeanMake);
stdTmpFlareProb = std(vec4MeanMake);

dispLinel = [sprintf('%4dWt %2.0{/%2.0{/%2.0{Wt %2.0f/%2.0f/%2.0fWt
%2.0f/%2.01/%2.0fWt %2.0f/%2.0f/%2.0fWt', ...
structTargetSpot.spotNum, ...
tmpFlareProb.ByMag, ...
tmpFlareProb.ByArea, ...
tmpFlareProb.ByMagChange, ...
tmpFlareProb.ByAreaChange) ...
sprintf("  %2.01/%2.0f/%2.0fWt %2.0{/%2.0{/%2.0f', ...
meanTmpFlareProb, stdTmpFlareProb );] ;
else
meanTmpFlareProb = activeRegion{i}.flareProbBasedObs(1:3);
stdTmpFlareProb = [0 0 OI;
dispLinel = sprintf('%4d WtWtWtWtWtWtWtWtWtWtwt
%2.0f/%2.01/%2.0fWt %2.0f/%2.0f/%2.0f', ...
structTargetSpot.spotNum, meanTmpFlareProb, stdTmpFlareProb);
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end

meanVecFlareProb = [meanVecFlareProb; meanTmpFlareProbl;
stdVecFlareProb = [stdVecFlareProb; stdTmpFlareProbl;

meanMultiFlareProb = meanMultiFlareProb .* (1 — meanTmpFlareProb./100);

disp(dispLinel);

end

strDsp2=sprintf('TOTAL WtWtWtWtWtWtWtWtWtWtWt
%2.01/%2.01/%2.06%Wt %2.0f/%2.0f/%2.0f'", ...

(1-meanMultiFlareProb)*100, max(stdVecFlareProb));
disp(strDsp2);

disp('>l<>l<>k*****>'ﬁ*******>l<*****>|<>:<>k*****>:<>l<>l<****>|<>I<>k>k*****>l<>l<****>|<>i<****************************

e TN

2. flareProb_h05.m

function [flareProbBasedObs, flareProbBasedEst, numOfOnDiskDay_TotalPeriod] =
flareProb_h05(tblRegions, SWPC1988, Kildahl1969, sTargetSpotClass)

%

% Created — Sunhak Hong 2012-01-04

% Edited - Sunhak Hong 2012-03-04

% add numOfOnDiskDay

% Edited - Sunhak Hong 2012-05-02

% add Broomfield's data of flare rate
%

indTargetSpotClass = [];
numOfOnDiskDay = 0;
numOfCevent = 0;
numOfMevent = 0;

numOfXevent = O;

tblOfCprob = [];
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[1:
[1;
[1;

tblOfMprob
tblOfXprob
tblOfPprob

dataLength = length(tblRegions.strObsdate);
for i=1:datalLength
tmp=char(tblRegions.cSpotclass{i});

if strcmpi(tmp, sTargetSpotClass)
indTargetSpotClass = [indTargetSpotClass; il;
numOfOnDiskDay = numOfOnDiskDay+ 1;
% observed C flare events
if ~strcmpi(tblRegions.cCevents(i), 'NULL")
eval(['numOfCevent = numOfCevent + ', char(tblRegions.cCevents(i)), ';'1);
end
% observed M flare events
if ~strcmpi(tblRegions.cMevents(i), 'NULL")
eval(['numOfMevent = numOfMevent + ', char(tblRegions.cMevents(i)), ;'D;
end
% observed X flare events
if ~strcmpi(tblRegions.cXevents(i), 'NULL")
eval(['"numOfXevent = numOfXevent + ', char(tblRegions.cXevents(d)), ;']);

end

% estimated prob of C flare events
if ~strcmpi(tblRegions.cCprob(i), 'NULL")
eval(['tblOfCprob = [tblOfCprob ;', char(tblRegions.cCprob(i)), 'l;'D);
end
% estimated prob of M flare events
if ~strcmpi(tblRegions.cMprob(i), 'NULL")
eval(['tblOfMprob = [tblOfMprob ;', char(tblRegions.cMprob()), '1:'D:;
end
% estimated prob of X flare events
if ~strcmpi(tblRegions.cXprob(i), 'NULL")
eval(['tblOfXprob = [tblOfXprob ;', char(tblRegions.cXprob()), '1;'D:;
end
% estimated prob of proton events
if ~strcmpi(tblRegions.cPprob(i), 'NULL"
eval(['tblOfPprob = [tblOfPprob ;', char(tblRegions.cPprob(i)), '1;'D;

end
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end

end

modeOftblOfCprob = mode(tblOfCprob);
modeOftblOfMprob = mode(tblOfMprob);
modeOftblOfXprob = mode(tblOfXprob);
modeOftblOfPprob = mode(tblOfPprob);

%meanOftblOfCprob = mean(tblOfCprob);
%meanOftblOfMprob = mean(tblOfMprob);
%meanOftblOfXprob = mean(tblOfXprob);
%meanOftblOfPprob = mean(tblOfPprob);

G0 %0 %0 %0 Yo Yo T Vo Fo To To Fo Fo Fo Fo T Yo To Yo Fo Fo Fo Fo Fo Fo Fo Fo Fo Fo Yo Yo Yo Fo Fo Fo Fo Fo Jo
% Addind Broomfield's data of flare rate

% SWPC1988 : 1988-1996

% Kildahl1969 : 1969-1976

9% %0 % To Fo %o To To To %o To To o To To o o To To Fo o To To To To Fo Fo T To To Yo To To Fo Fo To Jo

%load('SWPC1988.mat');
%load('Kildahl1969.mat");

datalLength = length(SWPC1988);
for i=2:datallength
tmp=char(SWPC1988{i,1});
if strcmpi(tmp, sTargetSpotClass)
numOfOnDiskDay_SWPC1998 = SWPC1988{i,2};
numOfCevent_SWPC1998 = SWPC1988{i,3};
numOfMevent_SWPC1998 = SWPC1988{i,4};
numOfXevent_SWPC1998 = SWPC1988{i,5};
else
numOfOnDiskDay_SWPC1998 = 0O;
numOfCevent_SWPC1998 = 0;
numOfMevent_SWPC1998 = 0;
numOfXevent_SWPC1998 = 0;

end
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end

datalLength = length(Kildahl1969);
for i=2:datal.ength
tmp=char(Kildahl1969{i,1});
if strcmpi(tmp, sTargetSpotClass)
numOfOnDiskDay_Kildahl1969 = Kildahl1969{i,2};
numOfCevent_Kildahl1969 = Kildahl19691i,3};
numOfMevent_Kildahl1969 = Kildahl1969{i,4};
numOfXevent_Kildahl1969 = Kildahl1969{i,5};
else
numOfOnDiskDay_Kildahl1969 = 0;
numOfCevent_Kildahl1969 = 0;
numOfMevent_Kildahl1969 = 0;
numOfXevent_Kildahl1969 = 0;
end

end

%obsedCProb= numOfCevent/numOfOnDiskDay * 100;
%obsedMProb= numOfMevent/numOfOnDiskDay * 100;
%obsedXProb= numOfXevent/numOfOnDiskDay * 100;

numOfOnDiskDay_TotalPeriod = numOfOnDiskDay + numOfOnDiskDay_SWPC1998 +
numOfOnDiskDay_Kildahl1969;

numOfCevent_TotalPeriod = numOfCevent + numOfCevent_SWPC1998 +
numOfCevent_Kildahl1969;

numOfMevent_TotalPeriod = numOfMevent + numOfMevent_SWPC1998 +
numOfMevent_Kildahl1969;

numOfXevent_TotalPeriod = numOfXevent + numOfXevent_SWPC1998 +
numOfXevent_Kildahl1969;

obsedCProb= numOfCevent_TotalPeriod/numOfOnDiskDay_TotalPeriod * 100;
obsedMProb= numOfMevent_TotalPeriod/numOfOnDiskDay_TotalPeriod * 100;
obsedXProb= numOfXevent_TotalPeriod/numOfOnDiskDay_TotalPeriod * 100;

if O

disp (st kb sk k)|

disp('Calculated with observation");
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strDsp=sprintf('%s --> % 2.1{/% 2.1f/% 2.1f', upper(sTargetSpotClass), obsedCProb,
obsedMProb, obsedXProb);

disp(strDsp);

disp('"From old estimation');

strDsp2=sprintf('%s -=> % 2.1{/% 2.1{/% 2.1{/% 2.1f', upper(sTargetSpotClass),
modeOftblOfCprob, modeOftblOfMprob, modeOftblOfXprob, modeOftblOfPprob);

disp(strDsp2);

disp('***>k>k*******************************');

disp(sprintf(‘Wn"));

end

flareProbBasedObs = [obsedCProb, obsedMProb, obsedXProb, 0];
flareProbBasedEst = [modeOftblOfCprob, modeOftblOfMprob, modeOftblOfXprob,
modeOftblOfPprobl;

%flareProbBasedEst = [meanOftblOfCprob, meanOftblOfMprob, meanOftblOfXprob,
meanOftblOfPprob];

if isnan(obsedCProb)
flareProbBasedObs = [0, O, 0, 0Ol;
flareProbBasedEst = [0, 0, 0, 01;

end

3. flareDuration_h03.m

function [meanEventDurationSec, stdEventDurationSec] = flareDuration_h02(tblRegions,
xrayEvents, sTargetSpotClass)

%function [meanEventDurationSec, probOfLongDuration] =
flareDuration_hO1(tblRegions, xrayEvents, sTargetSpotClass)

%

% Created — Sunhak Hong 2012-03-04

% Edited - Sunhak Hong 2012-03-11

% standard deviation added to the output

%load xrayEvents
%load tblRegions

%sTargetSpotClass = 'DAI';
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locOnTblRegions = strcmpi(tblRegions.cSpotclass, sTargetSpotClass);
numEventDate = datenum(tblRegions.strObsdate(locOnTblRegions,:));
sRegionNum = tblRegions.cRegion(locOnTblRegions);

xrayEvents.numEventDate = datenum(xrayEvents.vecBeginDate(:,1:3));

if O
probOfLongDuration = 0.0000001;

end

avgEventDuration = [1;

for i = 1:length(sRegionNum)

avgEventDuration(i,:) = 0;

locTmpOnXrayEvents = strcmpi(xrayEvents.cRegion, sRegionNum(i));

if ~isempty(locTmpOnXrayEvents)
%disp(xrayEvents.numEventDate(locTmpOnXrayEvents));
%disp(xrayEvents.cRegion(locTmpOnXrayEvents));
%disp(xrayEvents.secDuration(locTmpOnXrayEvents));

avgEventDuration(i,:) = mean(xrayEvents.secDuration(locTmpOnXrayEvents));
stdEventDuration(i,:) = std(xrayEvents.secDuration(locTmpOnXrayEvents));
if isnan(avgEventDuration(i))

avgEventDuration(i,:) = 0;

stdEventDuration(i,:) = 0;

end

if 0
tmpProbOfLongDuration(i,:) =
sum(find(xrayEvents.secDuration(locTmpOnXrayEvents) >
3%60%60))/sum(locTmpOnXrayEvents); % more than 3 hours
if isnan(tmpProbOfLongDuration(i)) || (tmpProbOfLongDuration(i) == 0)
tmpProbOfLongDuration(i,:) = 0.0000001;
probOfLongDuration = 1 — (1 - probOfLongDuration) .* (1 -
tmpProbOfLongDuration(i)));
end

end
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end

end

if ~isempty(avgEventDuration)
indNoZeroAvgEventDuration = find(avgEventDuration > 0);
meanEventDurationSec = mean(avgEventDuration(indNoZeroAvgEventDuration))
stdEventDurationSec = mean(stdEventDuration(indNoZeroAvgEventDuration));
else
indNoZeroAvgEventDuration = NaN;
meanEventDurationSec = NaN;
stdEventDurationSec = NaNj;
meanEventDurationSec = 0;
stdEventDurationSec = 0;

end

)
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4. suggestFlareProb_h02.m

function flareProb = suggestFlareProb_h02(structTargetSpot)

% data example

if 0
clear all
structTargetSpot.spotNum = 1234;
structTargetSpot.classToday = 'EKC';
structTargetSpot.magToday = 'BGD';
structTargetSpot.areaToday = 1170;

structTargetSpot.magPreday = 'B";
structTargetSpot.areaPreday = 950;

end

load structFlareProb % from flareProbByMagAndSizeOnEachSpotClass_h01

9% %o %o %o Yo %o To %o To % To % To o To Yo To To To Yo Yo Jo % To o To o To Yo Yo Yo Yo Jo %o Jo %o To Yo To Yo To Yo Yo Yo Yo Yo %o Jo Yo Fo
9% %o Yo %o Yo % Yo Yo %o % To %o %o Yo To

% find flare probability depending on McIntosh Class

9% %o %o %o Yo %o Yo %o To % Jo % To o To o To To Yo To %o Jo %o To o To o To Yo Yo Fo Yo Jo %o Jo %o To Yo To Yo To Yo Yo Yo Yo Yo %o To Yo Fo
9% %o %o %o Yo % Yo Y% Jo % To %o %o Yo To

eval(sprintf('flareProb.Org =
structFlareProb.%s.flareProbByMagClassCorrected.value(1,:);' structTargetSpot.classToda
)i

9% %o %o %o Yo %o Yo o To Y% Jo %o To o To Yo To Yo Yo Jo Yo Jo % To %o To o To Yo Yo Fo Yo Jo %o Jo %o To o To o Fo Yo Yo Yo Yo Yo %o Jo Yo Fo
9% %o %o %o Yo % Yo %o Jo Y% To % Jo Yo To

% find flare probability depending on Mag Class

9% %o %o %o Yo % Yo o To Y% Jo %o To o To Yo To Yo Yo Jo Yo Jo % To o To o To Yo Yo Yo Yo Jo %o Jo Yo To %o To Yo Fo Yo Yo Yo Yo Yo %o Jo Yo Fo
9% %o %o %o Yo % Yo % Jo % To %o %o Yo o

switch char(structTargetSpot.magToday)

case 'A'
magNumToday = 1;
case 'B'
magNumToday = 2;
case 'G'

magNumToday = 3;
case 'BG'
magNumToday = 4;
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case 'BD'
magNumToday =

case 'BGD'
magNumToday

case 'GD'
magNumToday

|
o1

1]
(@)}

7;
%otherwise
% magNumToday = -9999;

end

eval(sprintf('flareProb.ByMag =
structFlareProb.%s.flareProbByMagClassCorrected.value(magNumToday+ 1,:);',structTarg
etSpot.classToday));

9o %0 %0 %o %o Yo Yo Vo Fo To Fo Fo Fo Fo To To T To Yo Yo Fo Fo Fo Fo Fo Fo Fo Fo Fo Yo To Yo Fo Fo Fo Fo Fo Fo Fo Fo Fo Yo Yo Yo Yo Yo Fo To Jo Jo Yo
90 %0 %0 %0 Yo Yo Yo Vo Fo Fo Fo Fo Jo Jo Fo Yo

% find flare probability depending on Spot Area

9o %0 %0 %0 %0 Yo Yo Vo Fo To Fo Fo Fo Fo To To Yo To Yo Yo Fo Fo Fo Fo Fo Fo Fo Fo Fo Yo To Yo Fo Fo Fo Fo Fo Fo Fo Fo Fo Yo Yo Yo Yo Yo Fo To Fo Jo Yo
90 %0 %0 %o Yo Yo Yo Vo Fo To Fo Fo Jo Jo Jo Yo

eval(sprintf('medianSpotArea =
structFlareProb.%s.flareProbBySpotAreaCorrected.medianSpotArea;',struct TargetSpot.cla
ssToday));

eval(sprintf('stdSpotArea =
structFlareProb.%s.flareProbBySpotAreaCorrected.stdSpotArea;',struct TargetSpot.classT
oday));

eval(sprintf(‘areaGapTemp = structTargetSpot.areaToday-medianSpotArea;'))

if areaGapTemp <= - stdSpotArea
areaNumToday = 1;

elseif (-stdSpotArea < areaGapTemp) & (areaGapTemp <= -stdSpotArea/3)
areaNumToday = 2;

elseif (-stdSpotArea/3 < areaGapTemp) & (areaGapTemp <= stdSpotArea/3)
areaNumToday = 3;

elseif (stdSpotArea/3 < areaGapTemp) & (areaGapTemp <= stdSpotArea)
areaNumToday = 4;

elseif stdSpotArea < areaGapTemp
areaNumToday = 5;
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end

eval(sprintf('flareProb.ByArea =
structFlareProb.%s.flareProbBySpotAreaCorrected.value(areaNumToday+ 1,:);",structTarg
etSpot.classToday));

9o %0 %0 %0 %o Yo Yo Vo Fo Fo Fo Fo Fo Fo Fo To T To Yo Fo Fo Fo To Fo Fo Fo Fo Fo Fo Yo Yo Yo Fo Fo Fo Fo Fo Fo Fo Fo Fo Yo Yo Yo Yo Yo Fo Fo Fo Jo Yo
90 %0 %0 %0 Yo Yo Yo Vo Fo To Fo Fo Jo Jo Jo Yo

% find flare probability depending on Mag Class Change

9o %0 %0 %0 Yo Yo Yo Vo Fo To To Fo Fo Fo Fo T T To Yo Fo Fo Fo Fo Fo Fo Fo Fo To Fo Yo Yo Yo Fo Fo Fo Fo Fo Fo Fo Fo To Yo Yo Yo Yo Yo Fo To Fo Jo Yo
90 %0 %0 %0 Yo Yo Yo Vo Fo Fo To Fo Jo Jo Jo Yo

switch char(structTargetSpot.magPreday)

case 'A'

magNumPreday = 1;
case 'B'
magNumPreday = 2;
case 'G'
magNumPreday = 3;
case 'BG'
magNumPreday = 4;
case 'BD'
magNumPreday = 5;
case 'BGD'
magNumPreday = 6;
case 'GD'
magNumPreday = 7;
%otherwise
% magNumToday = -9999;

end

magNumChangeToday = magNumToday - magNumPreday:

if magNumChangeToday <= - 2
magNumChangeTodayQuantized = 1;

elseif (-2 < magNumChangeToday) & (magNumChangeToday <= -1)
magNumChangeTodayQuantized = 2;
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elseif (-1 < magNumChangeToday) & (magNumChangeToday <= 1)
magNumChangeTodayQuantized = 3;

elseif (1 < magNumChangeToday) & (magNumChangeToday <= 2)
magNumChangeTodayQuantized = 4;

elseif 2 < magNumChangeToday
magNumChangeTodayQuantized = 5;

end

eval(sprintf('flareProb.ByMagChange =
structFlareProb.%s.flareProbByMagChangeCorrected.value(magNumChange TodayQuantize
d+ 1,:);'",structTargetSpot.classToday));

9o %0 %0 %0 %o Yo Yo Vo Fo To Fo Fo Fo Fo Fo To Yo Fo Yo Fo Fo Fo Fo Fo Fo Fo Fo Fo Fo Yo Yo Yo Fo Fo Fo Fo Fo Fo Fo Fo Fo Yo Yo Yo Yo Vo Fo Fo Fo Jo Yo
9o %0 %0 %0 %o Yo Yo Vo Fo Fo To Fo Jo Jo Jo Yo

% find flare probability depending on Spot Area Change

9o %0 %0 %0 %0 Yo Yo Vo Fo To To Fo Fo Fo To To T Fo Yo Yo Fo Fo Fo Fo Fo Fo Fo Fo Fo Yo Yo Yo Fo Fo Fo Fo Fo Fo Fo Fo Fo Yo Yo Yo Yo Vo Fo To Fo Jo Yo
90 %0 %0 %0 %o Yo Yo Vo Fo Fo To Fo Jo Jo Jo Yo

eval(sprintf('stdSpotAreaChange =
structFlareProb.%s.flareProbByAreaChangeCorrected.stdAreaChange;',structTargetSpot.cl
assToday));

areaChangeTemp = structTargetSpot.areaToday - structTargetSpot.areaPreday;

if areaChangeTemp <= - stdSpotAreaChange

areaChangeNumToday = 1;
elseif (-stdSpotAreaChange < areaChangeTemp) & (areaChangeTemp <=
-stdSpotAreaChange/3)

areaChangeNumToday = 2;
elseif (-stdSpotAreaChange/3 < areaChangeTemp) & (areaChangeTemp <=
stdSpotAreaChange/3)

areaChangeNumToday = 3;
elseif (stdSpotAreaChange/3 < areaChangeTemp) & (areaChangeTemp <=
stdSpotAreaChange)

areaChangeNumToday = 4;
elseif stdSpotAreaChange < areaChangeTemp

areaChangeNumToday = 5;
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end

eval(sprintf('flareProb.ByAreaChange =
structFlareProb.%s.flareProbByAreaChangeCorrected.value(areaChangeNumToday+ 1,:);',
structTargetSpot.classToday));

%disp([flareProb.Org, flareProb.ByMag, flareProb.ByArea, flareProb.ByMagChange,
flareProb.ByAreaChangel);
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