G
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1. Tisunsumswia TEC 91n0uydtaet IRI-9S
C Test program for IRIT13 program. You can also get the F peak
C density and heights with the COMMON block
C common/block 1/hmf2,xnmf2, hmfl
C IRIS13 contains other COMMON blocks that may be helpful.
¢ Changes: 9/16/98 jf now input in IRIT13
logical JELD
data JE1T* true/
¢ select various options and choices for IRI-95
apen(unit=ivout,file="output.iri' status="old", form="formatted’)

ji(2)=false. ! no temperatures
ji(3)=false. ! no ion composition
Ctest jf{4)=false. ! Gulyaeva-BO
jf(5)=false. 1 URSI-88 for foF2
C  jf{12)=false. 1 konsol output to file (unit=12}

print*, ‘mmdd’
read(*,*} mmdd
iy=1998
hour=6.5
jmag=0
xla=18.8
x10=99.0
print*,'hour(LT), TEC/m-2'
hstp=0.5
do 1i=1,48
hour=hour+hstp
if (hour.gt.24) then
hour=0.5
mmdd=mmdd+1
endif
call irit] 3(xla,xlo,jmag,jf,iy,mmdd,hour, 100.,1000. tec,tech, tect}
write{6,*) hour tec
write(iuout,*) tec
continue

1 continue
stop
end

2 ﬁdf‘{%’u acfpacf.m

function [ACF,se,PACF]=acf{data)
if nargout<3

error([ACF,SE,PACF]=acf(data});
end;
N=length(data);
datamean=nanmean(data);
lagtime=ceil(N/4);
in=data-datamean;
bottom=nansum(in."2};
% to find standard error fimit
limitl=2/sqri(N);
limit2=-[imit1;
for k=1:lagtime

gam=0;

for =(k-+1):N

if (isnan{data(t))-=1)&(isnan{data(t-k))~=1)
gamma=(data(t)-datamean)*(data(t-k)}-datamean);
gam=gam+gamma;
end

end

gammak(k)=gam;
end
tk=(gammak./(bottom)}";
ACF=1k;
% find standard error of acf; SE(rk)
se(1)=1/sqri(N).
for k=2:length(rk),
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sum=0,
for j=1:(k-1),
sum=sum-+rk(j}*2;
end
se(k)=sqri{(1+2*sum)/N);
end
% plot ACF
figure(6);clfiset{gef,'color’,[1 I 1]);
subplot(3,1,1); plot(:lagtime,rk,'r", 1:lagtime,limit],'b", I :lagtine, limit2,'b");
axis([0 length(rk) -1 1]); xlabel{"lag time");ylabel'ACF"); legend('ACF")
% plot SE(k)
subplot(3,1,2); plot(se,'t"); axis{[0 length(rk) 0 1]);
xlabel('lag time"); ylabel('Standard ERROR?; legend('SE(ACF(k))Y);
% find PACF
[nr,nc]=size(rk);
if (nr~=1} & (nc~=1)
error{' ARP must be vector');
end;
if nr~—=1,
rk=rk."; nc=nr;
end;
N=nc;
PHI=zeros(N,N); PHI(1,1) = rk{1);
for K=1:N-1,
G=(rk(K+1)-PHIK, 1K) *rk (K- 1:1)%/(1 -PHIG, 1K) * k(1K)
PHI(K+1,1:K)=PHI(K, | . K)-G*PHI(K,K:-1:1);
PHI{K+1,K+1)=G;
end;
PACF = diag(PHI);
% plot PACF
subplot(3,1,3); plot(1:lagtime,PACF,'r', l:lagtime, limit [ ,'b", I :lagtime, limit2,'b');
axis([0 length(rk} -1 1]}; xlabel(lag time"); ylabel('PACF"); legend({'PACF")

3.  Tsunsaeen arxsarim
% Model AR(D)xSARI(1,1)
km0=1;
while km0,
kmO=menu('Input cocfficients',... %title of menu
‘Constant’,...%km0=1
‘AR, %km0=2
‘SAR1,...%km0=3
‘Process');Y%okm0=4
if kmO==1,
cle; disp('A default constant value is zero');
const=input('Please input a constant value:  );
elseif km0==2,
cle; disp(*Please input the AR coefficients");
disp(Example: >>AR(1)=  0.2146";
a=input(AR(1)= ')
elseif km0==3,
cle; disp('Please input the SAR!I coefficients");
disp{'Example: >>8AR(1}= 0.6124]);
sar=input('SAR(1)=  7);
elseif kmQ==4,
if ~exist("const’,'var'},
const=0;
end
if exist{'ar','var'}&exist{'sar’,'var)
Yaprocess
day_num=input{'How many numbers for forecasting: %
day_tot=length(avgteciHday num;
tmp(1,1:day_num)=nan;
avgtec=[avgiec tmp);x=avgtec;
clear tmp;
v(1:48,1)=nan;e(1:48,1)=0;
y(49)=x{1Hconst;
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for t=50:96
if isnan(x(t-1)),
(- 1=y(t-1);
end
if isnan(x(t-48)),
x(t-48)=y(t-48);
end
if isnan(x{t-49)),
x(t-49)=y(t-49);
end
Ypredict
y(f=const+ar*x(t-1)+{1+sary*x(t-48)-(ar+ar*sar)*x(t-49);
if ~isnan(avgtec(t))
e(t)=avgtec(D-y(0);
else
e(t)=0;
end
end
y(97)=const+ar*x(t-1 (L +sar)*x(t-48)-{ar+ar*sar) *x(t-49)-sar*x(1);
if ~isnan{avgtec(97)},
e(97)=avgtec(ty-y(97);
else
e(97)=0;
end
for t=98:day_tot
if isnan{x(t-1)),
x(t-1)=y(t-1);
end
if isnan{x(t-48)},
x{t-48)=y{t-48);
end
if isnan(x(t-49)),
x(t-49)=y(t-49);
end
if isnan{x(t-96)),
x(1-96)=y(1-36);
end
if isnan(x(t-97)),
x(t-97)=y(t-97);
end
Y%predict
y(t}=const+ar*x{t-1)+{1+sar)*x(t-48)~(ar+tar*sar)*x(t-49)-sar*x(t-96) +ar*sar*x(t-97); .
if ~isnan{avgtec(t))
e{t)=avgtec(D-y{t);
else
e(t)=0;
end
end
a=find(~e);
e(a)=nan;
figure(11); clf; set(gef,'color',[1 1 1]k
subplot(2,1,1);plot(1:length{avgtec),avgtec,'', | length{y},y,1;
axis([0 day_tot 0 max(nanmax{avgtec),nanmax{y))+10]);
ylabel('TEC [x107176 electrons/m”2}'); xlabel('Time(UT) {30 minutes]");
legend(*Observed TEC',Predicted TEC'),
subplot(2,1,2);plot(e); legend(error');”
ylabel('error [x10"176 electrens/m”2]'); xlabel('Time(UT) [30 minutes]'’);
axis([0 day_tot nanmin(e)-5 nanmax(e)+51);
clse
if ~exist('ar','var'};
disp('Please input the AR! coefficient’);
end .
if ~exist('sma','var’);
disp('Please input the SMA coefficient’);
end
end
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km0=0;
end
end
% find correlation coefficient
c=corr(y,avgtec);
clearkmOabxl x2¢;

4, dsunsudey arxsarima.m
% Model AR(1)XxSARIMA(1,1)
kml=1;
while kml,
kml=menu('Input coefficients',... %atitle of menu
'‘Constant',...%km1=1
'ARI,...%km2=2
'SARI,...%km=3
'SMALI',...%km=4
*Process”);Yokm=5
ifkml==l,
cle; disp(’A default constant value is zero®);
const=input('Please input a constant value: ~ ;
elseif kmt=2,
cle; disp('Please input the AR coefficients");
disp('Example: >>AR(I)=  0.2146%;
ar=input(AR()= ")
elseif kml—=3,
cle; disp('Please input the SARI coefficients);
disp('Example: >>SAR(1)=  0.3624");
sar=input('SAR(L)=  %;
elseif km1=4,
¢lc; disp('Please input the SMAI coefficients’);
disp('Example: >>SMA(1)=  0.6124]%
sma=input('SMA(1= '
elseif kml==5,
if ~exist('const','var"),
const=0;
end .
if exist("ar','var)&exist{’sar’,'var)&exist{'sma",'var')
Yeprocess .
_day_num=input(How many numbers for forecasting: %
day_tot=length(avgtec)+day_num; tmp(l,1:day_num)=nan;
avgtec=[avgtec tmp];x=avgtec;
clear tmp;
y(1:48,1)=nan;e(1:48,1)=0;
y{49)=x(1)+const;
for t=50:97,
if isnan{x(t-1}),
x(t-1)=y(t-1};
end
if isnan(x(t-48)),
x(1-48)=y(1-48);
end
if isnan(x(t-49)),
x(-49)=y(1-48);
end
Yapredict
yl{t)=const+{sar+1)*x(t-48)+ar¥x(t-1)-(sar*ar+ar)*x(t-49)-sma*e(t-43);
if ~isnan{avgtec(t),
e{t)=avgtec(t-y(®);
else
e()=0;
end
end
y(97)=const+{sar+1)*x(t-48)+ar*x(t-1)-(sar*ar+ar)* x(t-49)-sar*x(t-96)-sma*e(t-48),
if ~isnan{avgtec(97)),
e{9P)=avgtec(t}-y(97):
clse
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e(97)=0;
end
for t=98:day_tot%length(avgtec)+day_num,
if isnan(x(t-1)),
x(t-1)=y(t-1);
end
if isnan(x(t-48)),
x(1-48)=y{1-48);
end
if isnan{x(t-49)),
x{t-49)=y(t-49);
end
if isnan{x(t-96),
x(t-96)=y{t-96};
end
if isnan(x(t-97)),
x(t-97)=y(t-97);
end
y(t}y=const+{sar+1y*x(t-48)+ar*x(t-1)-(sar*ar+ar)*x{t-49 )-sar*x (-6 H-sar*ar*x(1-97)-sma*e(t-48);
it ~isnan{avgtec(t))
e(t)=avgtec(t)-y(t);
else
- e(t)=0;
end
end
a=find(~e);
e(a)y-nan;
figure(10};clf:
set(gef,'color',[1 1 1]); subplot(2,1,1);plot(1 length(avgtec),avgtec,'.", L:length(y),y, r');
axis(f0 day_tot 0 max{nanmax(avgtec),nanmax(y})+101); ylabel(TEC [x10*1/6 electrons/m"2]'");
xlabel{'Time(UT) {30 minutes]?); legend('Observed TEC', Predicted TEC');
subplot(2,1,2);plotle); ylabel('error [x107176 electrons/m™2]Y); xlabel('Time(UT) [30 minutes]); legend(‘error');
axis({0 day_tot nanmin(c}-5 nanmax(e}+51); :
else
if ~exist('ar’,'var”); .
disp('Please input the AR coefficient");
end
if ~exist('sar','var'};
disp('Please input the SAR1 coefficient');
if ~exist('sma’,'var');
disp(‘Please input the SMAI coefficient);
end
end
end
kml=0);
end
end
c=corr{avgtec,y);
clear km2 abxl x2 ¢;

5. Tilsunvudes arxsimam
% Model AR(1xSIMA(1,1)
kmO=1;
while km0O,
kmO=menu('Input coefficients',... %title of menu
'Constant',...%km0=1
'ART,.. . %%km0=2
'SMAL',.. %km0=3
'Process');%km0=4
if km0==1,
cle; disp('A default constant value is zero');
const=input('Please input a constant value:  %);
elseif km0==2,
cle; disp('Please input the AR coefficients'),
disp('Example: >>AR(1)=  0.21467;
ar=inputCAR(1)= %
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elseif km0==3,
cle; disp(Please input the SMA coefficients);
disp(Example: >>SMA(1)=  0.6124]);
sma=input’'SMA(1)= );
elseif km0==4,
if ~exist(‘const’,'var'),
const=0;
end
if exist('ar','var')&exist('sma','var’)
Yeprocess
day_num=input(How many numbers for farecasting: %
day_tot=length(avgtecHday_num;
tmp(1,1:day_num)=nan;
avgtec=[avgtec tmp];
x=avgtec; clear tmp;
y(1:48, 1)=nan;e(1:48,1)=0;
y{49)=x(I)+const;
for t=50:day_tot
if isnan(x{t-1))
x(-1=y(t-1);
end
if isnan{x(t-4R8)),
x(t-48)=y(t-48);
end
if isnan(x(t-49)),
x{(1~49)=y(1-49);
end
Yopredict
y(t)=const+ar*x(t-1}+x{t-48)-ar*x(t-49)-sma*e(t-48);
if ~isnan{avgtec(t))
e(t)=avgtec(t)-y(1);
else
e(0)=0;
end
end
a=find(~¢);
e(a)=nan;
figure(9);clf;
set(gef,'color',[1 1 1]):
subplot(2,1,1);plot(1:length{avgtec),avgtee, ., 1:length(y), y,r);
axis([0 day_tot 0 max{nanmax(avgtec),nanmax(y))+10]);
ylabel{ TEC [x107°146 electrons/m”2}'); xlabel(' Time(UT) [30 minutes]); legend('Observed TEC','Predicted TEC');
subplot(2,1,2);plot(e); legend(error); ylabel('error [x10*176 electrons/m*2]"); xlabel(' Time(UT) [30 minutes]?;
axis([0 day_tot nanmin(e)-5 nanmax(e)+5]); '
else
if ~exist(ar','var");
disp('Please input the ARI coefficient');
end
if ~exist('sma','var’);
disp('Please input the SMA| coefficient’);
end
end
km0=0;
end
end
% calculate correlation coefficient
c=cotr(avgtec,y);
clearkmOabxl x2¢;

6. Vantu avg30mag.m
function [Hav,Dav,Zav,Fav]=avg30mag(H,D,Z,F,MID,HH,MM)
% to average magnetic data every 30 minutes
mjd0=MJD{1 ;hh0=HH(1};mm0=MM(1};
a=find(MM=30); ID{a)=0:
b=find(MM>=30); ID(b)=1;
id=ID(1);
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Hav=(];Dav={];Zav={};Fav=[];
wh=0;wd=0;wz=0;wi=0;5um=0;
for p=1:length(MID)
if ID(p)—id
if isnan(H{p))~=1,
wh=wh+H(p); wd=wd+D(p); wz=wz+Z(p); wi=wf+F(p);
sum=sum-+1;
end
else
if sum~=0
Hav=[Hav wiv/30]; Dav=[Dav wd/30]; Zav=[Zav wz/30); Fav=[Fav w{/30];
else
Hav={Hav nan]; Dav=[Dav nan}; Zav={Zav nan]; Fav=[Fav nan];
end
id=ID(p};
wh=0;wd=0,wz=0;wi=0;sum=0;
if isnan(H(p))=1,
wh=wh+H{(p}; wd=wd+D(p); wz=wz+Z(p); wi=wi+F(p);
sum=sum+l;
end
end
end -
if sum~=0,
Hav=[Hav wh/sum]; Dav=[Dav wd/suml; Zav=[Zav wz/sum]; Fav=[Fav wf/sum];
else
Hav=[Hav nan)]; Dav=[Dav nan]; Zav=[Zav nan]; Fav=[Fav nan];
end

ﬂqr‘f‘i{u avg3ldtec.m
function [AVG,rms}=avg30tec(TEC,NUM,RMS,MID,HH, M1}
% to average TEC data every 30 minutes
a=find(isnan{TEC)==1},
TEC(a)=0;NUM(a)}=0;RMS(a)=0;
mjd0=MJID(1);hhO=HH(1};mm0=MM(l};
a=find(MM<30);
ID(a)=0;
b=find(MM=>=30);
ID(b)=1;
id=ID(E);
AVG=[];rms=[];
wiec=0;sum=0;wrms=0;
for p=1:length(MJD)}
if ID(p)==id
wiec=wtec+TEC(p)*NUM(p);
wrms=wrms+RMS(p)*NUM(p);
sum=sum+NUM(p);
else
if sum~=0
AVG=[AVG wtec/sum);
rmis={rms wrms/sum};
else
AVG=[AVG nan];
rms=[rms nan];
end
id=ID{p);
wiec=0;sum=0;wrms=0;
wtec=wtec+TEC(p)*NUM(p);
wrms=wrms+RMS{(p)*NUM(p};
sum=sum+NUM(p);
end
end
if sum~=0{
AVG=[AVYG wtec/sum];
rms=[rms wrms/sum],
clse
AVG=IAVG nanj;
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RMS=[RMS nan];
end

8. vlandu avgmag_min.m
function [H,D,Z,mjd,hh_mag,mm_mag]=avgmag_min(path,dr, sdate,h,d,z)
% to average magnetic data into | minutes value
a=fix(sdate/1000000);
if a>=00 %year 19xx
d_in=fix(sdate/1 00)+19000000;
else
d_in=fix(sdate/100)+20000000;
end;
[slope,sh,sm,ss]=readhdr{patt,dr,sdate);
mjd=date2mjd(d_in);
sumh=0;sumd=0;sumz=0;
firstdata=60-ss;
for k=1:firstdata,
sumh=sumh+h(k}; sumd=sumd+d{k); sumz=sumz-+=z(k);
end
H(1)}=sumb/firstdata; D(1}=sumd/firstdata; Z{1)=sumz/firstdata;
sumh=0;sumd=0;sumz=0;
% calculate length of complete value data
lengthdata=fix(length(h)/60);
% calculate length of residual value data
res_data=mod(length(h)-firstdata,60);
% id=data index
id=2,
for m=2:lengthdata%+1,
for k=1:60,
sumh=sumh+h(id); sumd=sumd+d{id); sumz=sumz-+z(id);
id=id+1; .
end
H{m}=sumh/60; D{m)=sumd/60; Z{(m)=sumz/60;
sumh=0;sumd=0;sumz=0;
end
if res_data>0,
for ke=1:res_data,
sumh=sumh-+h{length(h)-k+1); sumd=sumd+d(length(h)-k+1); sumz=sumz+z{length(h)-k+1);
end
H(length(H)+=sumh/res_data; D(length(D)+1)=sumd/res_data; Z(length(Z)}+1 }=sumz/res_data;
end
% generate time for magnetic data
mm_mag(1)=sm;kh_mag(l)=sh;mjd_mag(1)=mjd;
for k=2:length(H),
mm_mag(k)=rmm_map(k-1)+1;
hh_mag(k)=hh_mag(k-1);
mjd(k)=mjd(k-1);
if mm_mag(k}>59,
mm_mag(k)=0;
hh_mag(k)=hh_mag(k)+1;
mjd(k)=mjd(k-1);
if hh_mag(k)>23
hh_mag(k)=0;
mjdk)=mjd(k)+1;
end
end
end

9. Tdsunsudes callactm

% callacf sub-program

cle;

kacf=1;

while kacf,

kacf=menu('Select following button',... %title of menu

'ACF-PACF for averaged TEC',...%kacf=1
'ACF-PACEF for difference TEC',...%kacf=2
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'ACF-PACF for seasonal diff TEC,...%kacf=3
'Predict',...%kacf=4
1Q-test',.. Yekach=5
'OK");%kacf=6
if kacf==I[,
[tecact,se, tecpacf]=acf{avgtec);
elseif kacf==2,
d=input('Please specify the number of difference:\n’);
z=sdiff1{avgtec,d); %z is the avgtec(-avgtec(t-d)
[zacf,zse,zpacfl=aci(z};
elseif kacf==3,
Z=sdiff1{avgtec,48);
[Zacf,Zse,Zpacti=acf{(Z);
¢lseif kacf==4,
callmodel;
elseif kacf==5,
clf;
disp('Q-test”);
disp('Please wait......"};
¢_test=c(49:lengthlavgtec));
[acf e,se_e,pact_el=act{e_test);
Q=length(e)*nansum(act_e. 2},
if {exist(ar','var)&exist('sar','var'))|(exist('ar, 'var)&exist('s ma’,'var’)},
parameters=2;
else
parameters=3;
end
df=length{e_test)-parameters;
Q_x=chi2inv(0.95,df);
disp(’ Y,
disp('Q-value  Critical Q-test');
disp(1Q Q_xJ);
disp(* %
disp('CONCLUSION:";
i1 Q<Q_x,
disp{'The model is fit for TEC data");
disp{’ %
else
disp('The model is not fit for TEC data?;
disp(’Please find the new model);
disp(* %
end
elseif kacf=6,
kacf=0),
end;
end;
clear kacf’

16. Tisunsudes callape.m
% application sub-menu
% Reference:
% 1) Ajayi, G.0., Feng, S., Radicella, 5.M. and Reddy,B.M.
% "Handbook on Radiopropagation related to satellite communications
% in tropical and subtropical countries”
% URSIE 1996
% 2) Roddy, D. "Satellite Communication". Singapore: McGraw-Hill, 1996.
% 3) Emerson, DD,, "Elliptical Polarization in the [onosphere"
%  Available: http:/Awww.tuc.nrao.edu/~demerson/ionosphere/ionopol. html
clc;
if ~exist('avgtec','var)|~exist{'Hav",'var"),
disp('--nmmmnmen Warning -------------=----=-=---s~-")
disp('Please load averaged TEC data and")
disp(‘averaged Magnetic databefore using this menu.”);
disp(* Y;
else
[or_tec,nc_tec]=size(avgtec);
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[nr_mag,nc_mag]=size(Hav);
ifor_tec—=nr_mag,
Hav=Hav';Dav=Dav',Zay=7av";Fav=Fav";
end
ifne_tec~=nc_mag,
a=min(nc_tec,nc_mag);
avgtec=avgiec(nr_tec,1:a);
Hav=Hav({nr_tec,[:a);
Dav=Dav(nr_tec,[:a);
Zav=Zav(nr_tec,1:a);
Fav=Fav(nr_tec,l:a);
end
kape=1;
while kape,
kapc=menu(*Select following button’,... %title of menu
'Faraday Rotation',...%kapc=I1
'Polarization Loss (PL)',...%kapc=2
*Crass Polarization discrimination (XPDY',.. Y%kapc=3
‘end”);%kapc=4
if kape==1,
%Faraday Rotation {phi)
Bav=nanmean{[Hav;Dav;Zav]}*10-9);
¢=2.36*10"4*Bav;
£=(1:0.1:10y*10"8:
if exist("phi’,'var",
clear phi;
end
for k=1:length(f),
phi(k,:}=c.*avgtec®* 10" 6/f(k}"2; %oradian unit
phi_deg=phi*360/pi;
end
fipure(16):clf
mesh(phi_deg);
ylabel('Frequency [x10°8 Hz]'); xlabel(Time [30 minutes}); zlabel('Faraday Rotation [degree]);
eiseif kape=2,
%Polarization Loss (PL) in dB unit
if ~exist('phi','var’),
Bav=nanmean{{Hav;Dav;Zav])*10°(-9);
c=2.36*10"4*Bav,
£=(0.1:10)%10%9;
for k=1:length{f),
phik,:)=c.*avgtec* 10~16/fk)*2;  %radian unit
end
else
PL=20*log(cos{phi)};
if ~isreal(PL},
PL=real(PL);
end
figure{17);clf
mesh(PL};
ylabel('Frequency [x1078 Hz]); xlabel(Time {30 minutes]'); zlabel('Polarization loss [dB]Y);
end
elseifl kape==3,
%Cross Polarization discrimination (XPD) in dB unit
if ~exist("phi*,"var"),
Bav=nanmean{[Hav;Dav;Zav])*10~(-9);
¢=2.36*10"4*Bav;
=(0.1:10)*10"9;
for k=1:length(f),
philk,:}=c. *avgtec* 10~ 6/f(k}*2; %radian unit
end
else
XPD=-20*og(cot(phi));
if ~isreal(XPD),
XPBD=abs(XPD);
end
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figure(18);ctf
mesh{XPD);
ylabel('Frequency [x10°8 Hz]); xlabel('Time [30 minutes]”); zlabel'XPD [dB]Y;
end
elseif kape==4,
kapc=0;
end;
end;
end;
clear kape;

11. Tusunsudes callivim
% sub-program for IRI data
kiri=I;path="c:/iri"; clc;

disp(’ )
disp(’ The IRI data is 30 minutes value')
disp{’ g
while kiri,

kiri=menu("'IRI sub-program',... %title
‘Input start date’,...%k=1
‘Input end date',... %k=2
‘[nput path',...%k=3
'GET IRI DATA,...%k=4
*End");%k=35
if kiri=1,
cle;
sdate=input('please input start date:  yyyymmdd\n');
elseif kiri==2,
clg;
edate=input{'please input end date: yvyyymmddn');
elseif kiri=3,
cle;
disp('Default path name is c:/iri/);
path=input(‘please input the directory name for IRI data: c:/iriAn','s");
if ~exist(path,'dir"),
disp(‘please check the IRI directory again®);
end
elseif kiri—4
if exist(sdate’,'var')&exist(edate’, 'var)&exist(path,'dir’}
iri=[];
dr=num?2str{fix(sdate/100)});
fp=strcat(path,dr,”,num2str(sdate), iri');
tec=readiri{fp);
iri=[iri tec];
while sdate~=edate,
[dr,sdate]=checktec(dr,sdate);
fp=strcat(path,dr,"",num2str(sdate),"iri");
teciri=readiri(fp);
iri=[iri teciril;
end
clear fp dr sdate edate path tec;
figure(3);clf;set(gef, ‘color,{1 1 11); plot(iri,'b.);grid
title('Predicted TEC by International Reference lonosphere IRI-95 model");
ylabel{'TEC [x10"176 electrons/m”2 or TECU"Y; xlabel('Time [30 minutes]");
kiri=0; %end
else
cle; disp({'Please select the option again®);
end
elseif kiri=—35
kiri=0;
end;
end;
clear kiri;

12. Tsunsudles callmag.m
% subfunction to manage Magnetic data
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kmag=1; clc; path="c:/magne/;
while kmag,
kmag=menu(MAG sub-program',... %title

‘Input start date’,...%k=1
‘Input end date’,...%k=2
'Input path’,...%k=3
'GET MAGNETIC DATA',.. %k=4
‘Averaged Magnetic data',.. %k=5
‘End');%k=6

if kmag=1,

cle; d_in=input(please input start date:  yyyymmddin®);
elseif kmag==2,

cle; d_out=input(‘please input end date: yyyymmddin');
elseif kmag==3,

cle; disp('Default path is c:/magne/);
path=input('please input directory name for Magnetic data: c:/magne/n','s");
elseif kmag=—4
if exist('d_in','var)&exist('d_out','var’}
Y%create default directory
if ~exist(path,'dir')
path="c:/magne/;
end
% check directory
if ~exist(path,'dir’)
disp(’Please Check the c:/magne/ directory and run again');
end
% get data
=[1;0=[1;2=[1;MID=[];HH=[};MM={];
sdate=mod(d_in,fix(d_in/1000000)*1000000)*100;
enddate=mod{d_out,fix(d_out/1000000)*1000600)* 100;
dr=num2str{fix(d_in/100));
fp=strcat(path,dr,”,num2str(sdate,8},".mat')
while sdate~=enddate,
while exist(fp,'file)~=2
[path,dr,sdate]=checkmag{path,dr,sdate,".mat’};
fp=strcat(path,dr,"”,num2str(sdate,8),' mat");
end
%process
load (fp);
[h,d,z,mjd,hh,mm]=avgmag_min(path,dr,sdate,h,d,z);
MID=[MJD mjd];HH=[HH hh];MM={MM mm];
H=[H h};D=[D d];2=[Z z];
%onext data file
[path,dr,sdate]=checkmag(path,dr,sdate, . mat"};
fp=strcat(path,dr,"/,num2str(sdate,8),". mat');
end
Y%process the last data file
if exist(fp,'file"y==2
load (fp);
{h,d,z,mjd,hh,mm]=avgmag_min(path,dr,sdate,h,d,z);
MID=[MJD mjd];HH=[HH hh]:MM=[MM mm];
H={H h];D=[D dl;Z=[Z z];
else
disp(" g
disp(" SORRY the end date has no data’)
end
%fill data lost;
disp('emsmeansens process data lost -----------—- !
[h,d,z,mjd_mag,hh_mag,mm_magl=missmag(H,D,Z,MID,HH,MM);
% calculate total magnetic field
f=sqrith.~2+d.°2+2.°2);
clear H D Z MJD HH MM sdate d_in d_out path dr fp enddate hh mm mjd
figure(2);clf; set(gef,'color’,[1 1 11);
subplot(4,1, 1};plot(h,b"); legend('Horizontal component'); axis({0 length(h} nanmin(h)-10 nanmax(h)+10]);
title("Geomagnetic data'};ylabel('H component [nT]);xabel{'Time [minute]?);
subplot(4,1,2);plot{d,T); legend('Declination component’); axis([0 length(d) nanmin(d)- 10 nanmax(d)+10]):
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ylabel('D component [nT]):xlabel{'Time [minute]'y;
subplot(4,1,3);plot(z,'m"); legend{'Vertical component'},
axis([0 length{z} nanmin(z}- 10 nanmax(z)+10]); ylabel('"Z component [nT]);x1abel('Time [minute]";
subplot(4,1,4);plot(f,'k"); legend('Total Field);
axis([0 length(f} nanmin{f)-10 nanmax(f)}+10]); ylabel('T'otal Magnetic Field [nT]};xlabel{'Time [minute]");
else
cle; disp(‘Please select the option again');
end
elseif kmag==35,
%get averaged magnetic data
if exist('h','var'),
[Hav,Dav,Zay,Fav]=avg30mag(h,d,z,fnjd_mag,hh mag,mm_mag);
figure(5);clf; set(gef,'color',[1 1 1]);
subplot(4,1,1);plot(Hav,'b); legend('Horizontal component');
axis([0 length(Hav) nanmin(Hav)-10 nanmax{Hav)+10]) ;
title(" Averaged Geomagnetic data’);ylabel('H component [nT]");xlabel('Time [30 minutes]");
subplot(4,1,2);plot(Dav,'r"); legend('Declination component’);
axis([0 length(Dav) nanmin(Dav)-10 nanmax(Dav)+10}); ylabel('D component [nT]');xlabel('Time [30 minutes]);
subplot{4,1,3);plot(Zav,'m"); legend(*Vertical component');
axis([0 length(Zav) nanmin(Zav)-10 nanmax(ZavH10]); viabel("Z component [nT]);xlabel(Time [30 minutes]’);
subplot{4, 1,4);plot(Fav,'’k); legend('Total Field');
axis([0 length(Fav) nanmin{Fav)-10 nanmax(Fav)}+10});
ylabel("Total Magnetic Field [nT));xlabel{'Time [30 minutes});
else
disp('Please get the magnetic data before average');
end
elseif kmag==6,
kmag=0;
end;
end;
clear kmag;

13, Tisunsueion callmet.m
% meteorological data
cle;
km=1;
while km,
km=menu('Meteorological Data’,... %title of menu
'"Read ascii data’,...%km=1
'get TEC data',...%km=2
‘correlation’,...%km=3
'scatter diagram',...Sckm=4
'regression’,...%ekm=5
‘end):%km=6
ifkm==1,
[fname,pnamel=uigetfile('c:\tec_met\* dat','please select input file name");
fp=streat(pname, fname);
fid=fopen{fp,'r");
Temp={];Ri={];Dir={]; Vel=[];Press=[];
while feof(fid)~=1,
temp={scanf(fid,2661,1);
Temp=[Temp;temp];
rh=fscanf{fid,'%3d',1);
Rh=[Rh;th};
dir=fscaniifid, %44d',1);
Dir=[Dir;dir];
vel=fscanf{fid,'%4d",1};
Vel=[Vel;vel];
press=fscanf(fid,'%6f,1);
Press=[Press;press]:
end
felose(fid);
figure(7);clfiset(gef, 'color',[1 1 1)
subplot(3,1,1);plot{Temp};
legend('Temperature”);
ylabel('Temperature  [*OC]);



203

xlabel('Time  [30 minutes]);
subplot(3,1,2);plot(Rh);
legend('Relative Humidity');
ylabel('Relative Humidity [34]D;
xlabel('Time  [30 minutes]');
subplot(3,1,3);plot(Press);
legend('Pressure?;
ylabel('Pressure  {hPal);
xlabel{'Time {30 minutes]");
elseif km==2,
%get TEC data
ffname,pname]=uigetfile(c:\tec\*.mat','please select input file name');
fp=strcat(pname, fname);
load{fp);
elseif km==3,
% correlation
disp('Correlation options’);
disp('Please select case:");
disp(* 1. TEC & Temperature);
disp(’ 2. TEC & Relative Humidity'};
disp(’ 3. TEC & wind velocity');
disp(' 4. TEC & Pressure’);
s=input{'case: ')
switch s,
case 1,
x1=avgtec;yl=Temp;
c=corr(x1,yl);
case 2,
xl=avgtec;yI=Rh;
c=cotr(x1,y1);
case 3,
x1=avgtec;yi=Vel;
c=corr{x1,y1};
casec 4,
x1=avgtec;y1=Press;
c=corr(x1,tl});
end
elseif km=4,%scatter diagram
figure(12);clf;set(gef,'color',[1 1 11);
subplot(2,2, 1 );plot{Temp,avgtec,'x);ylabel('TEC [x10~1°6 electron/m”™2]');xlabel('Temperature [*oC1Y);
subplot(2,2,2);plot(Rh,avgtec,'x);ylabel('TEC [x10°1°6 electron/m”2]);xlabel('Relative Humidity [%4]7;
subplot(2,2,3);plot{ Vel avatec,'x);ylabel('TEC [x10°1°6 electron/m~2]');xlabel{'Wind Velocity [km/hrl);
subplot(2,2,4);plot{Press,avgtec,'x");ylabel('TEC [x107176 electron/m”2]'};xlabel('Pressure level [hPal’);
elseif km==5,
% regression
e S———
disp('Regression method’);
disp('Please select regression equation');
disp(’ 1. TEC=b0+b1*Temp+b2*RhY;
disp(' 2. TEC=b0+b1*ARMA+b2*Temp+b3*Rh');
si=input(");

switch st

case I,
disp(t-----mmmmmmmeomem e %
disp('TEC=b0+b1*Temp+b2*Rk");
disp{'-----—mmmeemmeeememeneaes');

x1=avgtec;al=Temp;a2=Rh;
a~length(x1);b=length(al);
if axb,

for i=length{al)+1:length(al),

al(iynan;a2(i}=nan;

end
end
a=find(isnan(x 1));b=find(isnan(al)});
al{a)=nan;a2(a)=nan;x 1{b)=nan;
x2=x1(~isnan{x1});
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a3=al(~isnan(al));ad4=a2(~isnan(a2)};

z=[ones(length(x2),1) a3 a4];

[x2,z]=chksize(x2,2);

[b,bint,r,rint,stats]=regress(x2,z);

pre=[ones(length{avgtec), 1) Temp Rh]*b;

%find correlation

c=corr(pre,avgtec);

figure(8);clf

set(gef,'color',[1 1 1]}

plot(l:length(avgtec),avptee,', 1:length(avetec),pre,'r); legend('Observed TEC!, Predicted TEC by Regression');
ylabel(TEC  [x10*176 electrons/m™2]"); xlabel{'Time  [30 minutes]’),

case 2,
disp{'--smmmmmmemmemememeee et
disp{ TEC=b0+b1 *ARMA+b2*Temp+b3*Rh");
disp{'--smsmemmemmmmmneemeeene);

x=avgtec;a0=y";al=Temp;a2=Rh;
a=length(x1);b=length(al );
if a>b,

for i=length(al}+1:length(al),

al(i)=nan;a2(i)=nan;

end
end
a=find(isnan(x1));b=find(isnan(a0));
a0(a}=nan;al(a)=nan;a2(a)=nan;
x1{b)=nan;al(b)=nan;a2{b}=nan;
x2=x 1{~isnan{x1));
a3=a0(~isnan{a0));ad=al(~isnanfal));
a5=a2(~isnan(a2));
{x2,2]=chksize(x2,2);
z=[ones(length(x2),1) a3 a4 a5];
[b,bint,t,rint,stats]=regress(x2',z};
pre=[ones(length(avgtec),1} y' Temp Rh]*b;
%find correlation
c=corr(pre,avgtec);
fipure(8);clf
set(gef,'color',[1 | 1]);
plot(1:length(avgtechavgtec,'., 1:length(avgtec),pre,T); legend('Observed TEC', Predicted TEC by Regression');
ylabel(TEC  [x107176 elecirons/m”2]); xlabel{'Time  [30 minutes]');

end
elseif km==6,
km=0;
end;
end;
clear fid fp a b ¢ pname fhame x1 x2 yi y2 s km;

14, Tsunsudey callmodel.m
% callmodel sub-program

cle;

disp(’----=m=----- SUGGESTIONS --------=en=mmn- )5

disp('Please save the averaged TEC data before estimating the coefficients');
disp(’ %

avg_diff=sdiff1{avgtec,48);

diff_mean=nanmean(avg_diff);

diff_std=nanstd(avg_diff);

if diff_mean<diff_std,
disp('This model no need the constant value');
disp('The constant value will be set to zero');
disp(" %
const=0;

else
disp('This model need the constant value');
disp{'Please input the constant value from the menu options”);
disp(’ )

end

km=1;

while km,
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km=menu('Select model,... %title of menu
‘Save’,...%km=1
"AR(I)XSARI(1,1Y,...%km=2
'AR(DxSIMAC(L,1),...%km=3
'AR(1)xSARIMA(L1,1},...%km=4
'OK");%km=5
ifkm==1,
[fnamel pname]=viputfile('c:\* dat','save file name');
filenamel=strcat(pnamel ,fnamel ' dat?);
fid1=fopen(filenamel,'w");
for =1:length(avgtec),
fprintf{fid1,"% 1 2f\n",avgtec(t));
end
felose(fid1);
elseif km==2,
arxsari;
elseif km==3,
arxsima;
elseif km==4,
arxsarima;
elseif km=—=5,
km=0;
end;
end;

15. Tilsunsueey callplot.m
% sub-program callplot.m
% MAIN program
cle;
kplot=1;
while kplot, .
kplot=menu('Select following buttor',... %title of menu
'Plot TEC data',...%kplot=1
'Plot Magnetic data',...%kplot=2
'Plot IRI data',...%kplot=3
'Plot TEC vs. Predicted by ARMA',... %kplot=4
‘Plot TEC vs. IRI-95 model',...%kplot=5
‘Plot TEC vs. Predicted by Magnetic data',... %kplot=6
‘end");%kplot=7
if kplot==t,
if exist(‘avgtec','var"),
figure(1);clf; set(gef,'color',[1 1 11);
subplot(2,1,1);plot(TEC,'b.?; axis([0 length{TEC) 0 nanmax(TEC)+10]); legend('Measured TEC');
title('Measured TEC Values'); ylabeIllTEC [x10"176 electrons/my"2)'}); xlabel(Time(UT) [minute]');
subplot(2,1,2);plot{avgtec,'"); axis([0 length(avgtec) 0 nanmax(avgtec)+10]); title('Averaged TEC Values?);
ylabel('TEC [x107176 electrons/m”2]'); xlabel('Time(UT) [30 minutes]’); legend('Averaged TEC');
else
disp(*Please get the TEC data before ploting');
kplot=0;
end

elseif kplot==2,

if exist(h','var"),
figure(2);clf
set(gef,'color',{1 1 1]);
subplot(4,1,1);plot(h,'b."); axis([0 length{h) 0 nanmax(h)+10]);
title('Geomagnetic data');ylabel(Horizontal component [nF1Y;xlabel(‘Time [minute]'); legend('H";
subplot(4,1,2);plot(d,'r."); axis([0 length(d) O nanmax(d}+10]);
ylabel('Declination component [nT]);xlabel('Time{UT) [minute]?; legend(D";
subplot(4,1,3}plot(z,'k.”); axis({0 length(z) O nanmax(=)]);
ylabel('Vertical component [nT]');xlabel('Time{UT} [minute]); legend('Z");
subplot(4,1,4);plot(f,'m."); axis([0 length(f) 0 nanmax{H)]};
ylabel('Total Magnetic Field [nT));xlabel(' Time(UT) [minute]"); legend('F");

else
disp('Please get the Magnetic data before ploting');
kplot=0;
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end
elseif kplot==3,
if exist('iri','var’),
figure(3);clf
set(gef,'color',[1 I 1]);
plot{1:lengthiri),iri,ro’, 1 length(iri),iri,'b";
axis([0 length(iri) 0 max(iri)+10));
iegend('IRI-95%;
else
disp(Please get the IRI data before ploting’);
kplot=0;
end
elseif kplot==4,
if exist('y",'var"),
if exist{"avgtec',var"),
figure(4); set{gcf,'color,[1 1 1]);
subplot(2, 1,1); plot(1:length(avgtec),avetec,'b., 1:len gth(y),y,'r);
axis([0 length(avgtec) 0 max(nanmax(avgtec),nanmax(y ))+10]);
ylabel{ TEC {x[0"1"6 electrons/m”2]"; xlabel( Time(UUT)  [30 minutes]');
legend("'Observed TEC, Predicted TEC'):
else
disp(Please get the TEC data before ploting');
kplot=0);
end
else
disp(Please get the predicted TEC data before ploting?);
kplot=0;
end
elseif kplot==35,
if exist("iri','var'),
if exist(avgiec','var'),
figure(4); set(gcf,'color,[1 1 1]);
subplot(2,1,2); plot(1:length(avgtec),avgtec,'b.’, L length(iri),iri, 1'):
axis([0 length{avgtec) 0 max(nanmax(avgtec),nanmax(iri))+10]);
ylabel(TEC  [x10°176 electrons/m”2]'); xtabel(' Time( UT) [30 minutes]');
legend('Observed TEC','IRI-95 model");
else
disp('Please get the TEC data before ploting’);
kplot=0;
end
else
disp('Please get the IRI-95 model before ploting);
kplot=0;
end
elseif kplot==6,
% TEC and magne

kplot=0;
elseif kplot==7,
kplot=0;
end;
end;
clear kplot;

16. Tdsunsuden callregress.m
% callregress.m sub-program
cle;
kr=1;
if (mjd_mag(1)>813)
if (mjd_mag(1)<1179),
year=1998;
day_s=mjd_mag(1)-813;
day_e=mjd_mag(length(mjd_mag))-813;
elseif {mjd_mag(1)>1178)&(mjd_mag(1)<1544),
year=[999;
day s=mjd_mag(1}-1178;
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day_e=mijd_mag(length{mjd_mag)}-1178;
elseif (mjd_mag(1)>1543),
year=2000;
day_s=mjd_mag(1)-1543;
day_e=mjd_mag(length(mjd_mag))-1543;
end
end
while kr,
kr=menu('Select following button',... %titte of menu
‘Input start day for prediction’,...%kr=1
‘Input end day for prediction’,...%kr=2
‘Process',...%kr=3
‘end'};%kr=4
if kr==1,
sday=input(‘'Input start day: bR
sday=48*(sday-[)+1;
elseif kr==2,
eday=input{'Input end day:  ');
eday=48*eday;
if (length(Hav)<eday);
eday=length(Hav);
end
if (length(avgtec)<eday),
eday=length(avgtec);
end
elseif kr==3,
if ~exist('sday",'var')
sday=1;
end
if ~exist(’eday’,'var"),
eday=ceil(length(h)/48);
end
if ~exist(Hav','var"),
[Hav,Dav,Zav,Fav]=avg30mag(h,d,z,f,mjd_mag,hh_mag,mm_mag);
end
hav=Hav(sday:eday);dav=Dav{sday:eday);
zav=Zav(sday:eday);fav=Fav(sday:eday);
a=find{isnan(hav)};
tec=avgtec(sday:eday);
tec(a)=nan;
b=find(isnan(tec));
hav(b)=nan;dav({b)=nan;zav(b)=nan;fav(b}=nan;
hav=hav(~isnanthav));
dav=dav(~isnan(dav));
zav=zav(~isnan(zav));
fav=fav(~isnan{fav}};
y=tec(~isnan(tec));
%oscatter diagram
figure(14);clf:
set(gef,'color',[1 1 11);
subplot(2,2,1);plot(y,hav,'x"};xlabel{'TEC [x10~176 electrons/m"2]");ylabel('H-component [nT]");
subplot(2,2,2);plot(y,dav,"x");xlabel('TEC [x 107146 electrons/m”2]');ylabel{'D-component [T];
subplot(2,2,3);plot(y,zav, s Jixlabel TEC [x10"1"6 electrons/m”21";ylabel('Z-component [nT]'):
subplot(2,2,4)plot(y,fav,'x);xlabel( TEC [x 1016 electrons/m2]):ylabel('Main Field fnT];
figure(15); :
predict0;
elseif kr==4,
k=0,
end;
end;

17. Tlsunsutien calitec.m
% subfunction to manage TEC data
ktec=I:clc;
path="c:/tec/”;
while ktec,
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ktec=menu({'TEC sub-program',.., %title
‘Input start date’,...%k=1
'Input end date’,... %k=2
‘Input path',...%k=3
'GET TEC DATA,...%k=4
‘Averaged TEC datg’,...%k=5
‘End");%k=6
if ktec==1,
cle;
sdate=input(’please input start date:  yyyymmddn");
elseif ktec==2,
cle;
edate=input(’please input end date: yyyymmddin');
clseif ktec=3,
cle;
disp("The default path is c:/tec/);
path=input(‘please input directory name for TEC data: ci/tec/n','s");
if ~exist{path,'dir"),
clc;
disp('Please check the TEC directory");
end
elseif ktec=—4
if exist(’sdate','var')&exist{'edate’, var)&exist(path, 'dir’)
% get data
TEC=[LMID={;HH=[];MM=[};NUM=[]:RMS=[];
d=num2str{fix(sdate/1 00));
mjdstart=date?mjd(sdate);
fp=strcat(path,dr,",num2str(sdate, 8), .dat’);
while sdate<edate
while exist(fp,'file)~=2
{dr,sdate]=checktec(dr,sdate);
fp=strcat(path,dr,",num2str(sdate,8), .dat’);
end
Yoprocess
MID=[MJD mjd)};HH=[HH hh[;MM=[MM mmy;
NUM=[NUM num]; TEC=[TEC tec};RMS=[RMS rms];
Yenext data file
[dr,sdate]=checktec(dr,sdate);
fp=strcat(path,dr,” num2str(sdate,8), .dat");
end
Y%process last 2 data files
[mijd,hh,mm,num, tec,rms J=readtec(fp);
MID=[MID mjd);HH=[HH hh]:MM=[MM mm];
NUM=[NUM num];TEC=[TEC tec;;RMS={RMS rms];
[dr,sdate]=checktec{dr sdate);
fp=streat(path,dr,/ ,num2str(sdate,8),".dat");
while exist(fp,'file"}-=2
[dr,sdate]=checktec(dr,sdate);
fp=streat{path,dr,'r ,num2str(sdate,8),".dat);
end
[mjd,hh,mm,num,tec,rms|=readtec(fp);
MID=[MID mjd]:HH=[HH hh};MM=[MM mm];
NUM=[NUM num};TEC=[TEC tecl;RMS=[RMS rms];
%fill data lost;
disp('----—----- process data lost —-=n===---')
[tec,num,rms,mjd,hh,mm]=misstec(TEC,NUM,RMS,MJD,HH,MM);
% select desired data
a=find{mjdstart=mjd};
mjdend=date2mjd(edate);
b=find(mjdend=mjd)},
TEC=tec(a(1):b(length(b)});
NUM=num{a(1):b(length{b))}:
RMS=rms(a{1):b(length(b)));
mjd_tec=mjd(a(1):b{length{b)));
hh_tec=hh(a(1):b(length(b))});
mm_tec=mm(a{1):b(length(b)});
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clear fp tec num rms mjd hh mm HH MM MID a b path dr sdate edate edate_real mjdend mjdstart
figure(1);clf; set(gef,'cotor’ {1 1 13);
subplot(2,1,1):plot(TEC,'b.");grid; legend('observed TEC)
title('Tonospheric Total Electron Content"); ylabel('TEC {x 10”146 electrons/m”2"); xlabel('Time [minute];
else
cle;
disp("Please select the option again');
end
elseif ktec==5,
% average tec data every 30 minutes
if exist{'TEC','var"),
[avgtec,rms]=avg30tec(TEC,NUM,RMS,mjd_tec,kh_tec,mm_tec);
figure(1);set(gef,'color',[1 1 1]);
subplot(2,1,2);plot(avgtec, y;grid; ylabel('Average TEC [x10™176 electrons/m™2"); xlabel('Time [30 minutes]”);
legend(*Averaged TEC?);
else
disp{'Please read the TEC data before average data”);
end
elseif ktec=—6,
ktec=0;
end;
end;
clear ktec;

18. vty checkmag.m
function [path,dr,edate}=checkmag(path,dr,sdate,ext1)
% to check the day of month
% cday==1: end of month
% for magnetic data
smon=fix{(sdate/1 0000);%start month
year=fix{smon/100);
index=smon-fix(smort/100)*100;
%check over month
if (index=1}|(index==3)|(index==5)}{(index=T7)}{index==8)](index==10) (index==12)
smon=fix(sdate/100);
if index<12
if mod(smon, 100)<31
edate=sdate+1;
fp=num2str(edate, 8);
matl=strcat{path,dr,/,fp,extl};
if exist(matl,'file?)~=2, %have no file yymmddOx
edate=fix(sdate/100)* 1 00+100;
end
else
dr=str2num{dr)}+1;
edate=mod(dr, 10000)* 10000-+100;
dr=num2str(dr);
index=index+1;
end
else
if mod(smon,100)<31
edate=sdate+1;
fp=num2str(edate,8);
matl=strcat{path,dr, 7 fp,extl);
if exist(mat|,'file’)~=2, %have no file yymmddOx
edate=fix(sdate/100)*100+100;
end
else
dr=str2num(dr)+89; %index=1
edate=mod(dr, 1 0000)* 10000+100;
dr=num2str{dr);
end
end;
else
if (index==4)|(index==6)|(index==9)|(index=11)
smon=fix{sdate/100);
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if mod(smon,100)<30
edate=sdatet+1;
fp=num2str{cdate,8};
mat1=strcat(path,dr,'” fp,extl);
if exist(matl,'file")~=2, %have no file yymmddOx
edate=fix(sdate/100)* 100+100;
end
else
dr=str2znum{dr}+1;
edate=mod{(dr,10000)*10000+100;
dr=num2str{dr);
index=index+1;
end
else
if index==2
if mod(vear,4)~=0,%year~=2000,
smon=fix(sdate/100);
if mod(smon,100)<29
edate=sdate+1,
fp=num2sir{edate,);
mat | =strcat(path,dr,'/,fp,extl);
if exist{mat],'file)~=2, %have no file yymmddOx
edate=fix(sdate/100*100+100;
end
else
dr=str2num{dr)+1;
edate=mod(dr, 1 0000)*10G00+100;
dr=num?2str{dr);
index=index+1;
end
else
smon=fix(sdate/}00);
if mod(smon,100)}<30
edate=sdate+1;
fp=num2str{edate,8);
mat1=strcat(path,dr, 7, fp,extl);
if exist(mat],file")~=2, %have no file yymmddOx
edate=fix{(sdate/100)* 1 00+100;
end
else
dr=str2num(dr)+1;
edate=mod(dr, 10000)*10000+100;
dr=num2str(dr);
index=index-+1;
end
end
end
end
end

19, ﬂaﬁ’i’u checktec.m
function [dr,edate]=checktec(dr,sdate};
% for TEC data
% to check the day of month
% to increment day of file
% cday==1: end of month
smon=fix(sdate/1 00);%smon=start month
year=fix(smon/100);
index=smon-fix(smon/100)* 100;
%check over month
switch index
case {1 357810}
if (sdate-smon* 100)<31
edate=sdate+1;
else
de=str2num(dr}+1;



edate=dr* 100+1;
dr=num2str{dr):
index=index+1,
end
case 12
if {(sdate-smon™* [ 00)<31
edate=sdate+1;
else
dr=str2num(dr)+89; %index=1
edate=dr*100+1;
dr=num2str{dr);
end
case [46911}
if (sdate-smon*100)<30
edate=sdate+1;
else
dr=steZnum(dr)+1;
edate=dr*100+1;
de=num?2str{dr);
index=index+1;
end
case 2
if mod{year,4)~=0 %year~=2000
if (sdate-smon*100)<29
edate=sdate+1;
else
dr=str2num(dr)+1;
edate=dr*100+1,
dre=num?2str(dr);
index=index+1;
end
else %oyear 2000
if (sdate-smon*100)<30
edate=sdate+1;
else
dr=str2num(dr)+1;
edate=dr*100+1;
dr=num?2str(dr);
index=index+1;
end
end
end

20. ﬁqﬁ’%’u corr,m

function c=corr(x,y);
a=find(isnan(x));b=find(isnan{y});
y(a}=nan;x(b)=nan;
%x=x(~isnan(x));y=y(~isnan{y));
[nrx,nex]=size(x};
[nry,ncyl=size(y);
if nrx~=nry,

x=x";
end
c=corrcoef(x,y);
c=c(2);
disp{['correlation coefficient is; ' num2str(c)]);

31. Hed%u datedmjd.m

fimction [mjd}=date2mjd(sdate)

% to find mjd

syear=fix(sdate/10000);%start year
smon=fix{(sdate/100)-syear* 1 00;%start month

sday=sdate-syear* 1 0000-smon* | 00;%start day

%check year
switch syear
case 1996

211
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mjd=82;
case 1997

mjd=448;
case 1998

mjd=813;
case 1999

mjd=1178;
case 2000

mjd=1543;
case 2001

mjd=1909;
end

22. Tsunsuudn mainm
% MAIN program
clc;
k=1;
while k,
k=menu('Select following buttory’,... %title of menu
'‘Read binary TEC data',...%k=1
'Read binary MAG data',...%k=2
‘Read IRI data',...%k=3
'Read Meteorological data’,.. %k=4
'Plot data’,...%k=5
'ARMA method',...%k=6
'Regression',...%k=7
'Applications',...%k=8
‘end");%k=9
if k=1,
calltec;
elseif k=2,
callmag;
elseif k==3,
calliri;
elseif k==4,
callmet;
elseif k=5,
callplot;
elseif k==6,
if ~exist('avgtec','var'},
disp(‘Please load the TEC data before use this option'),
else
callacf;
end
elseif k=7,
callregress;
elseif k==8§,
callapc;
elseif k==0,
k=0;
end;
end;
clear k;

23. Hantu missmag.im
function [H,D,Z,mjd_mag,hh_mag,mm_magl=missmag(h,d,z,mjd,hh,mm)
% to fill the missing value of magnetic data
hh_mag(1)=hh{1};
mm_mag{1)=mm(1);
mjd_mag(1)=mjd(1);
H(D=h({1)
D(=d(1}
Z{1)==(1},
id=1;idi=2;
%find real number of data,
hhl=hh(length(h)};mmi=mm(length(h));mjd l=mjd(length(h));
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hhO=hh(1);mm0=mm{1};mjd0=mjd({1);
if mm0>mml,mml=mml+60;hk1=hhl-1;end
if hhO>hh, hh1=hh1+24;mjd[=mjdI-1;end
cm=mml-mm0;ch=hh1-hhQ;cmjd=mjd -mjd0;
na=cmjd*24*60+-ch*60-+cm; mm2=mmo0;
for k=1:na-1,
id=id+1;
mm_mag(id)=mm_mag(id-1)+1;
hh_mag(id)=hh_mag(id-1);
mjd_mag(id)=mjd_mag(id-1);
if mm_mag(id)>59,
mm_mag(id)=0;
hh_mag(id)=hh_mag(id)}+1;
if hh_mag(id)>23,
hh_mag(id)=0;
mjd_mag(id)=mjd_mag(id}+1;
end
end
if {mjd_mag(id}=mjd(id 1) &(mm_mag(id)}=mm(id1)}&(hh_mag(id}==hh(id1)},
H(id)=h{id1);
D(id)=d(id1);
Z(id)==(id1};
idl=id1+1;
else
Hiid)}=nan;
D{id}=nan;
Z(id)=nan:
end
end

24, ﬂﬂf‘ii’u misstec.m
function [TEC,NUM,RMS,mjd_tec,hh_tec,mm_tec]=misstec(tec,num,ms,mjd,hh,rm)
% to fill the missing value of TEC data
hh_tec(1)=hh(1);
mm_tec(1)=mm(1);
mjd_tec(1)=mjd(1);
TEC(1)=tec(1);
NUM(1)=num(1};
RMS{(1)=rms(1);
id=1;id1=2;
%find real number of data,
hhl=hh(length(tec));mmI=mm(length{tec));mjd 1=mjd{length(tec));
hO=hh(1);mm0=mm(1 };mjd0=mjd(1);
if mmO>mml,mml=mml+60;hh1=hh]-1;end
if hhO>hh, hh1=hh14+24;mjd1=mjd!-tend
cm=mm1-mm0;ch=hh1-hh0;cmjd=mjd | -mjd0;
na=cmjd*24*60+ch*60+cm;mm2=mm0;
for k=1na-f,
id=id+1;
mm_tec{id}=mm_tec(id-1}+1;
hh_tec(id)=hh_tec(id-1);
mjd_tec(idy=mjd_tec(id-1);
if mm_tec(id)>59,
mm_tec(id)=0;
hh_tec(id)=hh_tec(id)+1;
if hh_tec(id)>23,
hh_tec(id)=0;
mjd_tec{id}=mjd_tec(id)+1;
end
end
if (mjd_tec(id)==mjd(id [ ))& (mm_tec(id)=mm(id }))&{hh_tec{id}=hh(id1)},
TEC(id)=tec(idl); ’
NUM(id)=num(id1};
RMS{idy=tms(id1);
idl=idl+1;
else
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TEC(id)=nan;
NUMC(id)=0;
RMS(id)=0;
end
end

25. Tisunsudaw predictd.m
% predict menu
k=1;
while k,
k=menu('select independent variable',...
‘'magnetic intensity H-axis',...
‘'magnetic intensity D-axis',...
'magnetic intensity Z-axis',...
'main field,...
‘end");
ifk==1,
x=hav;x_r=Hav{sday:eday};clc;
predict];
elseif k=2,
x=dav;x_r=Dav(sday:eday);clc;
predict];
elseif k=3,
x=zav;x_r=Zav(sday-eday);clc;
predict];
elseif k==4,
x=fav;x_r=Fav(sday:eday);clc;
predict];
elseif k=5,
k=0clc;
end
end

26. Tdsunsusen predicti.m
% predict] file
% to predict meantec by meanh, meand, meanz by Ul-control
clf reset;fig=gef:figure(fig) % plot on current figure
plot(avgtec(sday:eday), b'):grid
title('averaged TEC data every 30 minutes');
xlabel('time UT [30 minutes]’);
ylabel('vertical TEC [TECU]Y;
d=0,
buttons=buttonv([. 18 .8], 0:9,d,'predict2",'polynomial’,'return’);

27. Tilsunsudew predict2.m
% predict2 called from predictl
% x=independent variable
% y=dependent variable
gold=1[.9 .6 .3];
tinv =[12.706 4.303 3.182 2.776 2.571 2.447 2.365 2.306 2.262];
if button =13
% Toggle confidence intervals.
bounds = | - bounds;
else
% Reset the color of the previous buiton.
set(buttons{d+1),'back’,"default)
% Get the new degree from the button.
d = button-1;
% Set the new degree to gold.
set(buttons{d+1),'back’,gold);
end
% Set the cursor to a watch to show computation in progress.
point = get(fig,'pointer?);
set(fig,'pointer’,'watch');
drawnow
ifd<=9
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beta=polyfit(x,y,d);
predict = polyval(beta,x_r);
disp{[‘curvilinear regression coefficients are: ' num2str(beta)]);
% find correlation
x1=avgtec(sday:eday);
%x1=TEC;
yl=predict;
a=length(x 1};b=length(y1);
ifa>b,
for i=length(y1)+1:length(x1),
yl(i)=nan;
end
end
a=find(isnan(x1));b=find(isnan(y1));
yl(a)=nan;x 1{b)=nan;
=x 1(~isnan{x1)});y2=y | {~isnan(y1});
c=cotrcoef(x2,y2);
r2=rsquare(x,y,beta);
ifd<9
plot(avgtec(sday:eday),’b");hold on;grid
plot(predict,'r-.);hold off
title{['Polynomial fit, degree ="' int2str(d}])
xlabel(['time [30 minutes] R"2 is: ' num2stry2) ' correlation coefficient is: * num2ste(c{2))]);
ylabel("TEC [TECU]Y;
else
plot(avgtec(sday:eday),'b");hold on;grid
plot{predict,'r-.";hold off
title('Polynomial interpolation, degree = 9')
xlabel(['time [30 minutes] R"2 is: ' num2str(x2) ' correlation coefficient is: ' num2str(c(2)}]);
ylabel('TEC [TECU]Y;
- end
else
% Done
set(fig,'pointer',point)
disp(Done'")
return
end
% Update the plot
set(fig,'pdinter',point)

28, ‘Wx'lif'iﬁ-l readbintec.m
function [mjd,hh,mm,num,tec,rms]=readbintec(fp);
% to read binary TEC data
fid=fopen(fp,r');
id=I,
while feof(fid)~=1
midute=fread(fid,2, ushort’);
sspn=fread(fid,2,'uchar'};
data=fread(fid,9,'short");
if (isempty(mjdutc)~=1)d&(data(8)>0&(data(1)>=10)&{fix(data(3)/10)>=30)&(data(5)>=500)&(data(6>>=500)...
&{data(9)}<100}
tec(id)=data(8)*sqrt(1-0.899*(cos(fix(data(3)/10)*pi/ 1 80))"2 )10,
Yosave
mjd(id}=mod(mjdutc(1),10000);
bh(id)=fix(mjdutc(2)/60);
mm(id)=mjdutc(2)-hh(id}*60;
nem(id)=data(l);
rms(id)=data(9);
id=id+1;
end
end |
- felose(fid),

29, Wai readhdr.m
function {SLOPE,start_h,start_m,start_s]=readhdr(path,dr,sdate)
% get magnetic parameters
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fpl=fopen(strcat(path,dr,"/,num2str(sdate),"hdr'},r');
t1=fscanf{fpl,"%c",259);
SLOPE=fscanf(fpl,'%12f,1);
txt1=fscanf(fpl,'%c',328);
stime=facanf(fpl,'%c',12});
stime=str2num(stime};

stime=mod{stime, fix{sdate/100));
start_h=fix(stime/10000});
start_m=fix(stime/100)-start_h*1060;
start_s=mod(stime,start_h*10000+start_m*100);
st=fclose(fpl);

30, V19A¥H readiri.m
function [TECI=readiri(fp};
% read predicted TEC by using [RI-25 model
fid=fopen(fp,'r);
for k=1:48,
TEC(k)=fscanf(fid,'%16f,1)/10*16;
end ‘
st=fclose(fid),

31 Haddu readkp.m

function [Kp,ap,Ap,Cp,C9l=readkp(year,sday,eday);

% to read kp index

if year—1998,
fid=fopen{'d:/meaw/1998kp.dat",r");

elseif year=1999
fid=fopen('d:/meaw/199%kp.dat",r);

end

Kp={l;AP=[];Ap={];Cp=1;CO=[};3=[};S8N=[};

for k=1:365,
ymd=fscanf{fid,'%2d",3);
srn=fscanf{fid,'%4d’, 1),
nday=fscanf(fid, %2d",1};
kpid=fscanf(fid,%2d" 8);
kp(Ly=kpid(1};kp(2:6)=nan;
kp(7)=kpid(2);kp(8:12)=nan;
kp(13)=kpid(3);kp{14:18)=nan;
kp(19)=kpid{4);kp{20:24)=nan;
kp(25)=kpid(5);kp{26:30)=nan;
kp(31)=kpid{6);kp{32:36)=nan;
kp(37)=kpid{7);kp{38:42)=nan;
kp(43)=kpid{(8);kp{44:48)=nan;
Kp=[Kp kpl;
eight_val=fscanf{fid,'%3d",1};
apid=fscanf(fid,'%3d',8);
ap{7)=apid(2);ap(8:12)=nan;
ap{13)=apid(3);ap(14:18)=nan;
ap(19)=apid(4).ap{20:24)=nan;
ap{25)=apid(5);ap(26:30)=nan;
ap{31)=apid(6);ap(32:36)=nan;
ap(37)=apid(7);ap(38:42)=nan;
ap(43)=apid(8);ap(44:48)=nan;
S={8 nansum(ap)];
AP={AP apl;
Ap_day=fscanf{fid,'%3d, 1),
Ap=[Ap Ap_day];
cp=fscanf(fid,’%%4f,1);
Cp=[Cp cpl;
c9=fscanf(fid,'%1d"1);
C9=[C9 c9];
ssn=fscanf{fid,'%3d",1);
SSN=[SSN ssn];
flux=fscanf(fid,'%6f,1);
flux_gq=fscanf(fid,'%14d',1);

end



217

Kp=Kp{sday:eday);
ap=AP(sday:eday);
Ap=Ap(sday:eday);
Cp=Cp({sday:eday);
C9=C9(sday:eday);
felose(fid);

32. ﬂaﬁ%’u readssn.m

function ssn=readssn(year,sday,eday};

% to read and plot daily ssn,

if year—1998,
fid=fopen("d:\meav/Adailyssn 1998.txt',1);

elseif year==1999,
fid=fopen{*d:\meaw\dailyssn 1999.dat','r");

end

for k=1:365,
ymd=fscanf{fid, %8d",1);
yi=fscanf(fid,'%10f,1);
ssn{k)=Ffscanf(fid,"%4d",1};
nor_sou=fscanf{fid,"%4d",2);

end

felose(fid);

ssn=ssn(sday:eday);

33, Wandu rsquare.m
function r2=rsquare(x,y,beta)
% find R’ coefficient
[p,n]=size(x);
nu =p-n; % Regression degrees of freedom
yhat = polyval(beta,x); % Predicted responses at each data point.
r = y-yhat; % Residuals.
ifne~=0
rmse = norm(r)/sqrt(nu); % Root mean square error.
clse
rmse = Inf;
end
% Calculate R-squared.
RSS = norm(y-mean(y)}*2-norm{y-yhat)*2; % Residual sum of squares.
TSS = norm(y-mean(y)}2; % Total sum of squares.
r2 =R8S/TSS; % R-square statistic.

34. fladdful sdiffl.m
function x 1=sdiff1(x,s)
% x1=difference of x by nth order
% x=input vector
% s=seasonal index; period
for k=1:length{x)-s
xE(K)=x(k+s)-x(k);
end
x2(1:48)=nan;
x1=[x2 x1];
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