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|ueoyg; Analysis Software SPEDAS

« The IUGONET Data Analysis Software
(UDAS) is the plug-in software for Space

Physics Environment Data Analysis

System(SPEDAS), formerly known as ' DAS %
THEMIS Data Analysis Software suite Data Analysis Software
(TDAS)

 The IUGONET data (e.g., geomagnetic
data, aurora data, radar data, and so forth)

and many satellite mission data (THEMIS,
GOES, WIND, and ACE) can be handled.

 |tis possible to use many routines to ID L
visualize and analyze time series data.

- It accesses the IUGONET data through the  Relationship
Internet, and then the data are between UDAS,
automatically downloaded onto the user's SPEDAS, and IDL

COmpUter Hands-on workshop at Polar Research Institute of China on Jan. 31,
2019



Outline of Loading/Plotting Data Using SPEDAS

on the Internet

Automatic
download

" IUGONER
- data ‘ Data are
loaded as
SSL, Berkeley, - -
THEMIS, GBO tplot variables
Directories for the IDL
CDAWeb, OMNI, downloaded data

ACE, Wind, etc. are created
automatically.

Data can be easily plotted, for example, by only three basis
commands with the SPEDAS-CUI tool.

1. Set a time period timespan, ‘yyyy-mm-dd’
2. Load *** data iug_load ***
3. Plot the loaded data tplot, +++

If using the GUI tool, only a few simple clicks of your mouse are required to make
the same plot as that created by the above command with the CUI tool

Hands-on workshop at Polar Research Institute of China on Jan. 31,
2019



A variety of SPEDAS

(1) Source code of SPEDAS
Both CUIl and GUI are available.
Commercial license of IDL is required.
All functions in SPEDAS are available.
The latest version of UDAS can be applied.

(2) Executable file of SPEDAS
Only GUI version is available.
Commercial license of IDL is not required.

It includes IDL Virtual Machine, so it can be used just
by downloading the archived package.



Download source code of SPEDAS

Download source code of the latest version of SPEDAS

1. Access to Software page of the THEMIS mission

http://themis.ssl.berkeley.edu/software.shitml

2. Find “Downloads”

Downloads
1. Source code (SPEDAS 3.1, October 2018  Download TDAS 11.1 = SPEDAS 3.1 source |

MEB]. This is a zip file with all the TDAS and SPE ource code, To use it you n
IDL installed. This is the only distribution that provides full access To the command line tool
vou have used TDAS in the past, this is probably the option vou should use.

MEB]. This is suitable for users without an IDL license. It requires the IDL Virtual Machine (VM)
which has to be downloaded for free from Exelis/Harris Gensnatial. Thers are limitations usina

g et o the Tull10L. This distribution onlv ot 4 - Slisk “Download TDAS xx.x + SPEDAS
X.XX source”

3. Executable files (SPEDAS 3.1, October 2018). These z
can be run directly without installing anything else. They include a Virtual Machine (VM) version
of IDL and they open the SPEDAS GUI but they do not include 2 command line tool, nor the
TDAS or SPEDAS IDL source code, They also include Geopack.

2. Save file (SPEDAS 2.1, October 2018). Download the TDAS 11.1 + SPEDAS 2.1 savefile (~20 \

IDL 8.5.1

e TDAS 11.1 + SPEDAS 3.1, Windows 64bit executable with IDL 8.5.1, CDF 3.6.3.1,
Geopack 10.5 {~55 MB)

e TDAS 11.1 + SPEDAS 3.1, MacOs 64bit executable with IDL 8.5.1, COF 3.6.3.1, Geopack
10.5 (~70 MB)

e TDAS 11.1 + SPEDAS 3.1, Linux &64bit executable with IDL 8.5.1, CDF 3.6.3.1, Geopack
10.5 (~70 MB)

o TDAS 11.1 + SPEDAS 3.1, Linux &64bit executable with IDL 8.5.1, CDF 3.6.3.1, Geopack
7.6 (70 MB) 5




Both Windows and Mac

— Copy the downloaded “spedas_x_xx.zip” to
the directory you like and unzip it there.

If you have no idea about the directory,
please copy to

— [Windows] C:¥Program
Files¥Exelis¥IDL85¥external

— [Mac] /Applications/exelis/idI85/external
Windows

— Run IDL8.5.

— Window—->Preferences—>IDL->Path

— Click “Insert”

— Select “spedas_x_xx”

— Mark the checkbox on the left and click “OK”.

— Run IDL8.5.

— |IDL->Preferences—>IDL->Path
— Click “Insert”

— Select “spedas_x_xx”

— Mark the checkbox on the left and click “OK”.

Set IDL path to SPEDAS
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Confirm the installation of SPEDAS

Run IDL.

IDL> thm_init [enter]

THEMIS countdown: xxxxxx XXxXxXXX XXxx since launch
THEMIS> < Prompt changes to “THEMIS”.

Bl oy i3 oV rEE | F BE DIR MODE = 511

I PRESERVE_MTIME =1

IDL> thm_init PROGOB] = <NullObject:

% Compiled module: THM_INIT. MIN_AGE LIMIT = 3@

x Campl:.led module: FILE_RETRIEVE. ND_SERVER =8

i Comp:!.led module: DPRINT. NO_DOWNLOAD -8

b Comp:!.led module: ROOT_DATA DIR. NO_UPDATE -8

% Comp:!.led module: THM_CONFIG. NO CLOBBER - B

% Compiled module: THM_READ CONFIG. ARCHIVE EXT o

% Compiled module: THM_CONFIG_FILEDIR. ARCHIVE DIR Y

# Compiled module: THM_GRAPHICS CONFIG. =

% Compiled module: LOADCT2. IGNORE_FILESIZE = @

% LOADCT: Loading table FAST-Special IGNORE_FILEDATE = @

% LOADCT: Loading table FAST-Special DOWNLOADONLY = @

THY_CONFIG(148): USE_WGET =8

% Compiled module: TPLOT OPTIONS. NOWALT =@

% Compiled module: STR_ELEMENT. WERBOSE =2

% Compiled module: THM_SET_VERBOSE. FORCE_DOWNLOAD = @

% Loaded DLM: CDF. % Compiled module: TIME_DOUBLE.

% Compiled module: PRINTDAT. % Compiled module: TIME_STRUCT.

COF_VERSION = STRING = '3.6.84' % Compiled module: TIME_PARSE.

Ithemis = RETRIEVE_STRUCT --(23 Tags/136 Bytes)--» % Compiled module: DAY _TO_YEAR_DOY.
INIT =1 % Compiled module: DOY TO MONTH_DATE.
LOCAL_DATA DIR = 'C:/Users/abeshu/Data/spedas/themis/’ % Compiled module: UNDEFINED.
REMOTE_DATA_DIR = "http://themis.ssl.berkeley.edu/data/themis/’ % Compiled module: PTRACE.
PROGRESS =1 THM_INIT(143):
USER_AGENT = 'FILE_RETRIEVE: IDL8.5.1 Win32/x86_64 (abeshu)’ THEMIS countdown:3523 Days, 18 Hours, 83 Minutes, 22 Seconds since launch
FILE MODE = 438 THEMIS>




GUI version of SPEDAS

1. IDL> spd_qui

3:3 Space Physics Environment Data Analysis Software (SPEDAS) - Page: 1 — O bt
- File Edit View Graph Analysis Tools Pages Help
@ Space Physics Environment Data Analysis Software (SPEDAS) - Page: 1
File Edit View Graph Analysis Tools Pages Help == i1 0 |3 (=) 4P ! x Q |:| (7] il
Dudm @ F=[EP] EK B0 e [ | ¢ ?
¢ 3= WUGONET 8
- AR LR R R RS R AR ILLE=
AGE  BARREL ELFIN lomo FAST GOES Geomagnetic Indices IUGOMET  mg ]
IUGONET Data Selection: ]
Start Time: | 2012-03-05/00:00:00 || ]
Stop Time: | 2012-05-12/00:00:00 || i
[JUsze Single Day
= R
Thetrument Type: | eeomagnetic_field_index £ n= 5
Data Type: Site or parameter(si-1: Parameter(z)-2:
WG kyoto min
BEY | hour
prov_min
prov_hour =
“
1 1 1 1 1 1
R R L L L I UL
4000 - —
Glear Site or Parameters—1 Glear Parameters—2
e}
Mote: # meang that the load procedure has been developed =
in collaboration with the ERG Science Center.
=
2
.
I ( I data with GUI tool
Ou Can analyze data wi 0]0) _
w
L] L] 1 =
similarly to CUI tool. TSSOSO
[00:00 C3-0700.00 C3-0800:00 03-0900:00 03-10/00:00 03-11/00:00
" v
< >
(2017-09-01/16:28:25) 5 Zoom updated. o
< >




"IUGONER | How to install SPEDAS-GUI (VM version)

Even if you have not yet installed IDL on your PC, you can install
GUI tool (VM version) soon and participate in the lecture.

http://spedas.org/wiki/index.php ?title =Downloads _and_Installation

(Search by “spedas install”.)

)

=

Navigation

Main page
Community portal
Current events
Recent changes
Random page
Help

Toolbox

What links here
Related changes
Special pages
Printable version
Permanent link

& Login
Page Discussion Read View source View history |Search | Go || Search | Download from here'
Downloads and Installation /
f don't h I
| If you don't have an IDL license
24TF
SFEDAS is free software but if you do not have an IDL license, then you cannot use the IDY command line, and
hence neither the SPEDAS command line tocls. You can still use the SPEDAS GUI, and ygu have two options:
- 1. Download the SPEDAS executable (for Linux, MacOS, or Windows), or
2. Download the SPEDAS save file (for Solaris or other operating systems).
+m Download SPEDAS 3.1 Executables (October 2018)
For users without IDL licenses, you can use the SPEDAS 3.1 executable files ffr Linux, Windows, and MacCO5,
>RY which allow access to the Graphical User Interface capabilities of SPEDAS, with no additional IDL license required.
1| * SPEDAS 3.1, Windows B4bit executsble with IDL 8.5.1, CDF 3.6.3.1, Geopack 10.5 (755 WE)
TZE; t] * SPEDAS 3.1, MacOs Bdhit executable with IDL 8.5.1, CDF 3.6.3.1, Geopack 10.5 (770 MB) &7 ;
3pdal Pl * SPEDAS 5.1, Linux B4bit executasble with IDL §.5.1, CDF 3.8.3.1, Geopack 10.5 (770 MB) @@ :
imprd || * SPEDAS 3.1, Linux B4bit executable with IDL 8.5.1, CDF 3.6.3.1, Geopack 7.5 (770 MB) - includes Geopack 7.8,!

e e e e e ——— e ]

This release contains everything you need, including the IDL WM, the Geopack DLM and the CDF DLM. You just
have to unzip the file and run the executable and the SPEDAS GUI will appear. 9




How to run SPEDAS-GUI (VM version)

[1] Double click 'spedas’ in the
unzipped directory:
‘'spedas_v_x/spd_gui/’

B4 1DL Virtual Machine Applic_ X

IDL

Discover What's In
Your Data

I E =)

idl83 2017708711 &09
| | colorst.tbl 2013/04/16 14:52
A gmag_stations.ixt 2015/11/03 14:3
@ grammar.sav 2014702720 1034
B4 idl.ico 201770714 11:3
@ parse_tables.sav 2014702720 10
_J PutRsp.dat 2014/06/27 14
B spd_gui.sav 2017/07/14 11:34
_,ﬂ spd_gui_running_histongixt 2017708112 5
S spedas.exe 201770714
7| spedas.ini 201770771
__d spin_harmonic_terMelate.dat 2013704716 14:5
(& splash.bmp 2017707714 11:34

Ckick ‘spd_gui’
button.

Double click this.

Then, IDL Virtual Machine window
opens. Click ‘spd_gui’ button.

IDL license is not required.

10



Help 1:SPEDAS HTML documentation (1)
http://themis.ssl.berkeley.edu/software_docs.shtml

(=

TPl L EMIS ARTEM| S

T me Hl'_-‘.".':.‘ of E'v'_':'l_'_- and M acroscale II".‘_'I-_!I_.'I"_:"I'_- |.-i|_.|l"|r__| S Jbsiorms

Home The Mission Data - Software ~ Publications News & Events - Contact Us + For the Public

SPEDAS + TDAS Documenation

You can find the HTML
The ?s; c(JBrugor SPEDAS 1.00 and TDAS 9.0 is here: docu mentations at
The Quick Reference Guide for SPEDAS 1.00 and TDAS 9.0 is here: S PEDAS We bSite

* PDF or DOC

. HTML documentation with a lisf of functions for SPEDAS 1.00 is here:
1/ « HTML docs .
s P <:: HTML documentation

Documentation, cribs, videos and other information on SPEDAS 1.00 can also be found in the wiki:

Documentation >>

For the full set of THEMIS Science Documentation, please visit the ftp site:
s ETP Site
Directory for PowerPoint presentations on SPEDAS:

+ SPEDAS PowerPoint Presentations

11



Help 1: SPEDAS HTML documentation (2)

http://themis.ssl.berkeley.edu/socware/spedas x xx/idl/ spd_doc.html

SW Help for spedas_3_1

This page was created by the IDL library routine mk_html_help?.

Last modified: Tue Oct 23 09:41:30 2018.

Procedure: ACE MFI_LOAD
3,A,B,C,D,E,E,G,H,L,],K,L,M,N,d

[

[

;Pu rpose:  Loads ACE fluxzate masgnetometer data

kevwords:
H H . : TRANGE= (Optional) Time range of interest (2 element arraw)
DIrECtorles SearChEd' i AVERBOSE @ oset to output some useful info
;Example:
i ace_mfi_load
e external/IDL GEOPACK iMotes:
This routine is still in development.

o external/IDL GEOPACK/examples
o external/IDL GEOPACK/t01
o external/IDL GEOPACK/tD4s ;
+ external/IDL_GEOPACK/t89 | fresipneates 8
o external/IDL GEOPACK/t96 : SURL %
5 ] '
* external/IDL GEOPACK/trace lero ace_mfi_load,twee,files=files,t range=t ranze, verbose=verhose,

¢ external/IDL GECOPACK/ts07 varformat=varformat,datatvpe=datatwvee, §
e external/IDL ICY addmasterzaddmaster,tplotnames=tn, source_opt i ons=source

buthor: Davin Larson

$LastChangedBy: davin-win ¥

» external/developers/outliers and convolution |if not kewword set(datatwvee) then datatwee = ki’
o external/developers/solarwind

iste_init
o ISTR_ .
» external/misc if not kewword set(source) then source = liste

e external/spdfcdas |

12



In the directory “spedas_x_xx/idl/projects”:

Help 2: Example crib sheet (1)

- " [
- =~ = t
ace akebono barrel elfin
' y [ ] Y
geom_indices goes iugonet jung
- [ " ;
. G i
|
mms omni poes themis

fast

:

maven

\

There are many example scripts named “crib

sheet” in these directories.

13



Help 2: Example crib sheet (2)

lug_crib_ask_nipr.pro

cInitialized
thm_initl

. You can copy and paste
- 5Set the date and duration (in days)e

fimespan, *2012-01-22" 4 these commands to IDL
! Load NIPR datas command line.

iug load ask nipr,site="tro’, wavelength="0000" 1

4

; YWiew the loaded data names

tplot _names. ) Or’

4

; Plot the loaded data.
tplot, ['nipr_ask tro 0000 ns’, "nipr_ask ew tro 0000 ew’ ]4 F*L]r1 tf]E;E;E; E;c:riF)tss as

N

Stopy o follows:

print, Enter “.c” to continue. 4 . . .
stop. IDL> .riug crib_ask_nipr
N

: Set new timespand
timespan, 2017-01-22/18:00:007 .6, /hours..

14



\)
\_ IUGONET We

UDAS web Available!

Rules of the Road | About Type-A

Help 3: Use IUGONET Type-A
http://search.iugonet.org

; Wersity Upper Atmosphere Global Observation NETWork
o gl -
% -

Instrument/Project | Observed Region ‘ ERG Campaign ‘
Satellite:
AKEBONO CHAMP COSMIC
Ground-Based:
SMART (Telescope) DST (Telescope) FMT (Telescope) Refractor (Telescope Muon (Telescope)
Geomagnetic Indicies WDC Geomag., Kyoto Geomadg., Kakioka MAGDAS/CPMN MM210
Induction Magnetometer SuperDARN EISCAT Imager
PWING/PsA OMTI Lidar lonosonde Riometer
VLF/ELF MU Radar EA Radar MF Radar MW Radar
VHFE Radar GPS Receiver AWS BL/LT/WP Radar Radiosonde
X-Band Radar Others
Keyword: | |
Timespan: | [ To [2011/0011| [ Set Detail
| Search |

We explain how to use the IUGONET Type-A later.

Hands-on workshop at Polar Research Institute of China on Jan. 31, 2019

15




What event do we analyze today?

We analyze the effect of X-class flares on the solar surface on 5" and 7
March 2012 and associated coronal mass ejection (CME) on the inter-
planetary space and the Earth’s upper atmosphere.

GOES X-ray Flux
GOES Xray Flux (5 minute data) Begin: 2012 Mar 6 0000 UTG
L T
10 ; ; I
- ] ) Jx =
oL i\. @X—class flare |
Ok [1\ : =M=
i - - 4 w
E 10 5 7
g R La "\.-'L\‘l' [¥} \wahu... _ ; ”
- z 3p <
V- 1% o
10—? I ‘l‘l.l = . =t
3 T T GG S,
- - 1% =
107% 4 W
- 10
- : z 1 o
ol & '
Mar & Mar 7 Mor & Mar 9 05/07 01:54 :
Universal Time
Updated 2012 Mar & 02:30:12 UTC NOAA/SWPC Baulder, CO LISA From Space Weather News

Hands-on workshop at Polar Research Institute of China on b"ﬂ%//ﬁwsﬂews]p/ 16



Let’s use IUGONET web service
(IJUGONET Type-A)

17



Search data

rvation NETWoric
rvice
Tochnol

UDAS web Available!

IUGONET DataSet

Instrument/Project ‘
Satellite:
AKEBONO

Ground-Based:
SMART (Telescope]

LIST  MAP

Observed Region ERG Campaign

CHAMP COSMIC

DST (Telescope)

FMT (Telescope)

Refractor (Telescope)

Muon (Telescope)

Geomannetic Indicies WD Ceomag unto Geomag.. Kakioka MAGDAS/CPMN MM210
. SuparDARMN EISCAT Imager
2. Set “Tlmespan” tO Lidar Ionosonde Riometer
EA Radar MF Radar MW Radar
201 2/03/05 TO 201 2/03/1 1 AWS BL/LT/WP Radar Radiosonde

Keyword: : -
Time( o |

3. Click “Search” button

1. Husafell (Iceland), PWING/PSA

2. Athabasca(Canada), PWING/PSA

3. Tromso (Norway), EISCAT 6. Tromso (Norway), EISCAT
4. Tromso (Norway), EISCAT 7. Gakona (Alaska), PWING/PSA
5. Gakona (Alaska), PWING/P5SA 8. Tromso (Norway), EISCAT

Campai_gn in March - April 2017

The Arase (ERG) satellite was launched at 20:00 (1ST) on December 20, 2016 from Uchinoura Space Centar, JAXA with an ellipse
orbit (perigee: 320 km, apogee: 33,200 km, and period: 580 min). All the instruments of the Arase satellite has been recently
operated and measure DC electric and magnetic field variations, plasma waves and energetic particles in the inner magnetosphere.
In the first campaign observation, we cperate various kinds of ground-based instruments such as the EISCAT radar, all-sky camera,
EMCCD camera, induction magnetometer, riometer and related instruments near the footprint of the orbit of the Arase satellite in
order to clarify the generation and loss mechanisms of high-energetic particles in Geospace and magnetosphere-ionosphere-
termosphere coupling process during geemagnetic storms and substorms.
L) [J

Detailed information] sfnls eampsianr s




Search results (List display)

UDAS web Available!

IUGONET DataSet
Instrument/Project ‘ Observed Region ERG Campaign
Satellite:
AKEBOMO CHAMP COSMIC
Ground-Based:
SMART (Telescope) DST (Telescope) FMT (Telescope) Refractor (Telescope) Muon (Telescope)
Geomagnetic Indicies WDC Geomag., Kyoto Geomag., Kakioka MAGDAS/CPMN MM210
Induction Magnetometer SuperDARN EISCAT Imager
PWING/PsA OMTI Lidar Ionosonde Riometer
VLF/ELF MU Radar EA Radar MF Radar MW Radar
VHF Radar GPS Receiver AWS BL/LT/WP Radar Radiosonds
X-Band Radar Others
Keyword: | |
Timespan: 01200304 [T ToR0120311 [T Set Detail
[ Seareh |

Search results are listed in text.

B Text [ plot
| satellite
AKEBONO

UDAS-Web) | Create |

: Create Plot (Using

Plot

£ Contains Summa

Mumerical Data
CHAMP

Observation data from VLF/MCA onboard Akebono

Numerical Data
Plot/Mavie Data

|| cosmic

CHAMP full spectrum inversion {FSI) data (netCDF)
CHAMP full spectrum inversion (FSI) data (PNG) &

MNumerical Data
Plot/Movie Data
Plot/Movie Data

Plot/Movie Data

COSMIC full spectrum inversion (FSI) data (netCDF)
COSMIC full spectrum inversion (FSI) data (PNG) |&
Global distribution of dry air temperature at 15 km derived from the COSMIC full spectrum inversion (FSI) data

PMG)

Global distribution of dry air temperature variance in a height range of 10 - 20 km derived from the COSMIC full

Hands-on Workshop at Polar Research Institute ot China on Jan. 31, 2019



Change search result display to QL-plot

IUGONET DataSet

UDAS web Available!

Instrument/Project ‘

Observed Region

ERG Campaign

LIST MAP

Satellite:
AKEBOMO

Ground-Based:

SMART (Telescope)

CHAMP

DST (Telescope)

Induction
PWING/PsA
VLF/ELF

VHF Radar
*-Band Rada

Geomagnetic Indicies

1. Click Plot

WDC Geomag., Kyoto
Magnetometer

OMTI

MU Radar

GRS Receiver

Others

To [2012/03(11

COSMIC

FMT (Telescope)
Geomag., Kakioka
SuperDARN

Lidar

EA Radar

AWS

Set Detail

[ search |

Refractor (Telescope)

Muon (Telescope)

MAGDAS/CPMN

EISCAT
lonosonde
MF Radar

BL/LT/WP Radar

MM210
Imager
Riometer
MW Radar
Radiosonde

| AkeeonO

& Contains Summary Plot

: Create Plot (Using UDAS-Web) | Create |

Mumerical Data
| cHamp

Observation data from VLF/MCA onboard Akebono

Numerical Data
Plot/Mavie Data

| cosmic

CHAMP full spectrum inversion {FSI) data (netCDF)

CHAMP full spectrum inversion (FSI) data (PNG) &

MNumerical Data
Plot/Movie Data
Plot/Movie Data

Plot/Movie Data

COSMIC full spectrum inversion (FSI) data (netCDF)

COSMIC full spectrum inversion (FSI) data (PNG) |&

Global distribution of dry air temperature at 15 km derived from the COSMIC full spectrum inversion (FSI) data

PMG)

Global distribution of dry air temperature variance in a height range of 10 - 20 km derived from the COSMIC full

Hands-on WgFRsﬁép at Polar Research Institute of China on Jan. 31, 2019




Search results (QL-plot display)

QL-plots of found data are displayed.

P ——

EText Plot <Prev MNumerical: 2012/03/05 00:00:00 - 2012/03/12 00:00:00, Plot/Movie: 2012/03/11, Timespgn: 1, 3, 7

| satellite
| cosmic

ur""r'""T""':'r""T"'—r_v"r""r"—r"—r'——

18 For time-series data, you can choose
i the time interval from 1, 3, and 7 days.
The default value is 7 days.
For this example, data during the
interval from 2012/03/05 to 2012/03/11

Plot/Movie Data cQSMIC full spectrum |S plotted.
inversion (FSI) data (PNG)|

03=1

(H -

e

sF !‘-g 1
alt i
@ 3 =i =a8 =30 =id oM s e TS B

Latitets [de

deaiade

P

| Ground-Based
I SMART (Telescope)

- For image data, the QL-
@ image on the last day
. of the timespan is
- displayed.
Flot/Movie Data guick-lock images of PlDt"Mi a-SHART.I"T-hLI”-diSk
SMART/T3 H-alpha and continuum partial- solar images in JPEG formatlss?
region solar imagesly
l DST (Telescope) QL 1 o SCFO”
Hands-on workshop at Polar Research Institute of China on Jan. 31, 209




Find information of data (Metadata)
Geomagnetic Indices 1. Click ASY and SYM indices

| Geomagnetic Indicies /

_r-»J-u\- _J\-'\-’.w"“ Y

5 : E A i
W u.‘__.f“t‘ilmw,_ Aoa - | - ' F et WVl NP
. t_éﬁnrvhn—/\—\-,-v'ﬁ'«]‘n/--v-/\‘].lﬁwmm . ,u—\—nvdg‘

. l"1“'|""'" - w*‘,f‘r,-—‘m "rmm.w..——rmv “

"'ma,,f.-.-,.-'-.-..:\.-.‘h "“'-\._, v e el A
Numerical Data Geomagnetic Auroral Numerical Data Geomagnetic Eguatorial Dst Numerical Data jt-|atitude Geomagnetic
Electrojet Index Provisional AEY Index Provisionalls? Indices ASY and SYM:
| MM210

Numerical Data  qM210 Kagoshima Numerical Data  qM210 Kototabang Numerical Data  MM210 Moshiri
magnetometer 1 min resolution data magnetometer 1 min resolution data magnetometer 1 min resolution data
distributed by ERG-5C|7 distributed by ERG-5CJ57 distributed by ERG-SCl

S R Y
L | Hands -on WOI’kShOp at Polar Research Institute of China on Jan. 31, 2019




“Twe¥- | Change date and time interval of QL-plot

Set date. (This date is the
QL-plot last day of the timepsan)

ze: | UDAS " |

| — |
l Analy

List = Instrument/Project > Ground-Based > Geomagnetic Indicies

Mumerical Data  Mit-latitude Geomagnetic Indices ASY and SYM |/

@ Plotted: 2012/03/05 00:00:00 - 2012/03/12 00:00

Timespan [day

To previous day E

To next day

Time interval

=20
100

a0

SvM—H

[mT]

\W

S

—5i

=109

-152

fal

SYM-H index is an indicator of
geomagnetic storm, which is
associated with the ring
current in the magnetosphere.

E
1

3

= o0 E
50 ;ASY—H SCI’O”
o A . . . . §
Date o5 o o7 o o8 10 "
%1% Maor




Detailed information of data (Metadata)

- 1505— X
4= mc-i— §
Dote {1:-5 o6 o7 08 o8 10 1 ACknOWIedgement

Description (Rules of the road)

Description:

The mit-latitude geomagnetic indices at 1-min time resolution, derived at World Data Center for Geomagnetism, Kyoto, Kyoto
University.

tcknowledgement: If the data are used in publications and presentations, the data suppliers and the WDC for Geomagnetism, Kyoto
must properly be acknowledged.

keleaselate: J011-02-1/7TU0s00:00

Contact (GeneralContact):

ContaCt Toshihiko Iyemori, Data Analysis Center for Geomagnetism and Space Magnetism, Graduate Schoel of Science, Kyoto University /
Vorld Data Center (WDC) for Geomagnetism, Kyoto, iyvemori@kugi.kyoto-u.ac.jp

PGI’SOH Contact (MetadataContact):

Masahito Mose', Data Analysis Center for Geomagnetism and Space Magnetism, Graduate School of Science, Kyoto University /
Vorld Data Center (WDC) for Geomagnetism, Kyoto, nose@kugi.kyoto-u.ac.jp

hccessInformation:
Access cknowledgement: If the data are used in publications and presentations, the data suppliers and the WDC for Geomagnetism, Kyoto
must properly be acknowledged.
|nf0rma RL: http://wdc.kugi.kyoto-u.ac.jp/wdc/Sec3.html
. vailability: Online
tIOn ccess Rights: Open
Format: Text

Processing Level: Calibrated
Measurement Type: Activitylndex

Time Span:
StartDate: 1981-01-01T00:00:00 SCFO”
StopDate: -P1D

Observed Region: Earth.Surface
Hands-on workshop at Polar Research Institute ot China on Jan. 31, 2019




Find how to analyze data using SPEDAS

“How to Plot” shows

SPEDAS commands to plot data and how to plot data by using GUI tool.

How to Plot (SPEDAS-CUI #Basic):

IDL> thm_init

THEMIS> timespan, ['2012-03-05 00:00:00', '2012-03-12 00:00:00']
THEMIS> iug_load gmag_wdc, site="sym asy'

THEMIS> tplot, ['wdc_mag sym', 'wdc_mag_asy']

IDL> thm_init

THEMIS> timespan, ['2012-03-05 00:00:00', '2012-03-12 00:00:00']
THEMIS> iug_load _gmag_wdc, site='sym asy'

THEMIS> split_vec, 'wdc_mag_sym'

THEMIS> split vec, 'wdc_mag_asy'

How to Plot (SPEDAS-GUI):

Step 1: Start SPEDAS GUI Program.
Step 2: Choose [FILE] -> [Load Data].
Step 3: Choose [IUGONET] Tab.

Step 4: Uncheck '"Use Single Day'.

Step 6: Choose Instrument Type: 'geomagnetic_field index'.
Step 8:  Push [->] button. (Please wait a few minutes).

Step 9:  Push [Done] button.

Step 10: Choose [Graph] -> [Plot Layout Options].

Step 12: Push [OK] button.

CUI #Basic:
Minimally needed
commands to plot data

THEMIS> tplot, ['wdc_mag _sym_ 0, 'wdc_mag_sym_1', 'wdc_mag_asy_0', 'wdc_mag_asy 1']

How to Plot (SPEDAS-CUI #Advanced [*Quick-Look was created with this command]); CUl #Advanced .

Commands used to
make QL-plot of data

GUI:
How to plot data by GUI tool.

Step 5:  Set Start Time: '2012-03-05 00:00:00" and Stop Time: '2012-03-12 00:00:00".

Step 7: Choose Data Type: 'ASY_index', Site or parameter(s)-1: "WDC_kyoto' and parameter(s)-2: 'asy’, 'sym'.

Step 11: Choose 'wdc_mag_asy', 'wdc_mag_sym' and push [Line->] button.

I:> Return to Search Result Page.




Plot multiple data using UDAS web (1)

I Geomagnetic Indicies ScrO”
I 1
. i i
Lol | =) |
Fﬂ..\'.J‘.__f\.‘_.'___..___\._-‘-‘df.u ._-'.__At, i AL P . I |
Tenoation [ A, w"*‘ffﬁkﬂmﬂlﬁ“wtwﬂ- : L, Y ’ -
| el B P T e ¥ T e L™ B
1! ‘f‘ Y i
W
) Py rr-"-M\' P ;
& .Td | Tr_ i l iL'; -I‘Irlu 1
Numerical Data  Gepmagnetic Auroral Numerical Data  Gepmagnetic Equatorial Dst - Numerical Data  Mit-|atitude Geomagnetic
Electrojet Index Provisional AE Index Provisionall Indices ASY and SYME @
| Mmm210

{ !
F
|
(!

o -
e

Numerical Data MM210 Kagoshima Numerical Data MM210 Kototabang
magnetometer 1 min resolution data magnetometer 1 min resolution data
distributed by ERG-SCl7 @) distributed by ERG-5Cl distributgd by ERG-S5C+

—

1. Select data and mark the check-boxes
(maximum number of data is 3)

olar Research Institute of China on Jan. 31, 2019




UDAS web Available!

IUGONET DataSet

Rules of the Road | About Type-A

Instrument/Project ‘

Observed Region

ERG Campaign

Satellite:
AKEBONO

Ground-Based:
SMART (Telescope)

Geomaagnetic Indicies

CHAMP

DST (Telescope)

WDC Geomag., Kyoto

COSMIC

FMT (Telescope)

Geomag., Kakioka

Induction
PWING/PsA
VLF/ELF

VHF Radar
X-Band Radar

Magnetometer
OMTI

MU Radar
GPS Receiver
Others

Keyword: '

Timespan: 0120305

|- To po12i03im1

SuperDARN
Lidar

EA Radar
AWS

Set Detail

[ Search |

Refractor (Telescope)

Muon (Telescope)

MAGDAS/CPMN
EISCAT
Ionosonde

MF Radar
BL/LT/WP Radar

MM210
Imager
Riometer
MW Radar
Radipsonde

Search Results:

H Text [ Plot

J cosmic

7 : Contains Summary Plot

: Create Plot (Using UDAS-We @
<Prev Numerical: 2012/03/05 00:00:00 - 2012/03/12 00:00:00, Plot/Movie: 2012/03/11, Timespan

wf ‘_r -

L
- |
> {

v
r

i

|,

!

1. Click “Create” button

Hands-on workshop at Polar Research Institute of China on Jan. 31, 2019




Plot multiple data using UDAS web (3)

ﬂ"&f&"}j ' Upper Atrmosphere Global Observation NETWork

1. Mark checkboxes of the data
which you want to plot. ™

SYM-H index is similar to the

I Step.1: Set Time Range
From: 2012 v |03 v |05 | |00~ |00 |00V

Tor (202 [05+ 2~ [00+]00 [0 magnetic data at Kagosima,
| Step.l2: Choose Variables to Pl.ot - : : — because SYM_H iS Created from
erical Data MM210 K_aﬂosluma magnetometer 1 min re;olutmn data &?l\str ibuted by ERG-SC . . .
QZID_mag_kag_lmm_hdz_x (North-South magnetic field at Kagoshima) mag netIC fleld at IOW_IatItude

m210_mag_kag_1min_hdz_y (East-West magnetic field at Kagoshima)
mm210_mag_kag_1imin_hdz_z (Vertical magnetic field at Kagoshima) (Expect if you want to s .
mm210_mag_kag_1min_hdz_x_dpwrspc (Dynamic power spectrum of North-South Statlo nS .
mmz210_mag_kag_1min_hdz_y_dpwrspc (Dynamic power spectrum of East-West nf

mmz210_mag_kag_1min_hdz_z_dpwrspc (Dynamic power spectrum of Vertical mad 100 T T T T
Numerical Data Mit-latitude Geomagnetic Indices ASY and SYM

c_mag_sym_0 (Symetory (SYM) index of the east-west component) 50
c_mag_sym_1 (Symetory (SYM) index of the north-south component)
dc_mag_asy_0 (Asymetory (ASY) index of the east-west component) o

wdc_mag_asy_1 (Asymetory (ASY) index of the north-south component) -
* At Least, one variable should be choosen. QEEEIE 0
Attentions: To create plot image requires some observational data, so read each ackn £

(Expect if you want to see the plot only in this sys ] _160
-150

0 —200 I 1 1 1 1 I

l/ 100 T T T T T T

2. Click “Plot” button. *
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Hands-on Workshop at PolalResearch Institute of China on Jan. 312019



Analyze data using SPEDAS
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Use “How to Plot” in IUGONET Type—-A

How to Plot (SPEDAS-CUI #Basic): CUI #BaSiC'

IDL> thm_init . )

THEMIS> timespan, ['2012-03-05 00:00:00', '2012-03-12 00:00:00'] Minimally needed
THEMIS> iug_load _gmag_wdc, site='sym asy'

THEMIS> tplot, ['wdc_mag_sym', 'wdc_mag_asy'] Commands to pIOt data

How to Pl
IDL>

THEMIS >
THEMIS =
THEMIS >
THEMIS >
THEMIS >

How to Plot (SPEDAS-GUI):

Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:
Step 7:
Step 8:
Step 9:
Step 10:
Step 11:
Step 12:

ol —u —— CUI #Advanced:
timespan, ['2012-03-05 00:00:00', '2012-03-12 00:00:00'] Commands used to
iug_load_gmag_wdc, site="sym asy’

split_vec, 'wdc_mag_sym' make QL—p'Ot of data

split_vec, 'wdc_mag_asy'
tplot, ['wdc_mag_sym_0', 'wdc_mag _sym_1', 'wdc_mag_asy 0', 'wdc_mag_asy 1']

GUI:
How to plot data by GUI tool.

Start SPEDAS GUI Program.
Choose [FILE] -> [Load Data].
Choose [IUGONET] Tab.

Uncheck 'Use Single Day'.
Set Start Time: '2012-03-05 00:0¢:00"' and Stop Time: '2012-03-12 00:00:00".

Choose Instrument Type: 'geomaghetic_field index'.

Choose Data Type: 'ASY_index', 9ite or parameter(s)-1: '"WDC_kyoto' and parameter(s)-2: 'asy’, 'sym'.
Push [->] button. (Please wait affew minutes).

Push [Done] button.
Choose [Graph] -> [Plot Layouj Options].

Choose 'wdc_mag_asy', 'wdc_jnag_sym' and push [Line->] button.
Push [OK] button.

/

1. Copy these SPEDAS commands by mouse.
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Basic commands of SPEDAS

1. IDL> thm_init (Initialize)

2. THEMIS > timespan, 'YYYY-MM-DD/hh:mm:ss', N, /<option>
(Set timespan)
e.g.,, timespan, YYYY-MM-DD', N (N days from YYYY-MM-DD)
timespan, YYYY-MM-DD/hh:mm:ss', N, /hour
(N hours from YYYY-MM-DD/hh:mm:ss)

3. THEMIS> 7?77 load ??77?, site='site name' (Load data)
“??7? load ?7?7?” is the load procedure.
e.g., 'iug load eiscat” loads EISCAT radar data.

4. THEMIS> tplot, ‘tplot_variable'

(Plot loaded data.)
tplot, ['tplot_variable1’, ‘tplot_variable?2', 'tplot_variable3', ....]
tplot, [1, 2, 3, ...]
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Copy&Paste SPEDAS commands to IDL

0. Run IDL.
1. IDL> < Paste the copied SPEDAS commands here and execute
the commands.

IDL> thm _init
THEMIS> timespan, [2012-03-05 00:00:00', '2012-03-12 00:00:00]
THEMIS> iug load gmag wdc, site='sym asy’ (Load SYM and ASM indices)
THEMIS> split_vec, 'wdc_mag_sym'
THEMIS > split_vec, 'wdc_mag_asy'
(Divide SYM and ASY indices into each component (H and D).)
THEMIS> tplot, ['wdc_mag_sym 0','wdc_mag sym_1','wdc_mag_asy 0, 'wdc_mag_asy 1]

S avM-H

You can create the same
plot as QL-plot of Type-A. 5% 150

{5 ASv—H
=HE
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Show loaded tplot variables

Show loaded tplot variables.
tplot names (, 'tplot_variables', /verbose)

1. THEMIS> tplot_names
1 wdc_mag _sym
2 wdc_mag_asy
3 wdc_mag sym 0O
4 wdc_mag_sym 1
5 wdc_mag asy O
6 wdc_mag_asy 1

2. THEMIS> tplot, [3, 4,5, 6] .= it %
(Numbers for tplot variables o
are also available for plotting = .
data.) = indd i
You can create the same 3 -
plot as QL-plot of Type-A. owe o 09 3 N
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Show details of tplot variables

Show details of tplot variables.
tplot_names, ‘'tplot_variable', /verbose

1. THEMIS> tplot_names, 'wdc_mag_sym', /verbose

THEMIS> tplot_names, “wdc_maz_svmn ., Sverbose
% Compiled module: TPLOT_MWAMES.
| wdc_mag_svm

D@ = STRUCT = TPLOT _GQUANT --(7 Tagzs/G4 Bytes)-->

NiWE = STRING = “wdc_mag _svm’
DH = POINTER = <PtrHeapWarll>
#(DH) = #<PtrHeap¥arl0> = STRUCT = --(4 Tags/16 Bytes)-->
k) = POINTER = <PtrHeap¥arl3>
*(#1 = #<PtrHeapVar13d> = DOUBLE[446401 = [1.3305600e+009, 1.3305601=+009, 1.3305602e+009, ...]
%_IND = LONG = 44640
¥ = POINTER = <PtrHeapW¥arld>
*0Y) = #<PtrHeapVarld>» = FLOAT[44640,2] = [-1.00000, -1.00000, -1.00000, -1.00000, -1.00000, -..]
¥_IND = LONG = 44640
LH = POINTER = <PtrHeapWarll>
#(LH) = #<PtrHeap¥arll> = STRUCT = --(4 Tags/7? Bytes)-->
COLORS = INT[2] = [4, 2]
LABELS = STRINGL2] = [TSYM-D°, "SYM-H']
YSUBTITLE = STRING = "[nT]’
YTITLE = 5TRING = 'SYHW'
oL = POINTER = <PtrHeapWarlZ>
#(DL) = #<PtrHeap¥arl12> = STRUCT = --(1 Tags/ 1B Bwtes)--»
DATA_ATT = STRUCT = --{1 Tags/16 Bvtes)-->
ACKNOWLEDGMENT = STRING = “The rules for the data use and exchange are defined by the Guide on the

World Data Center System (ICSU Panel on World Data Centers, 1996). Note that information on the appropriate
institution(s) is also supplied with the WDC data sets. If the data are used in publications and presentations, the data
suppliers and the WOG for Geomagnetism, Kyoto must properls be acknowledzed. Commercial use and re-distribution of WOG
data are, in general, not allowed. Please ask for the information of each ohservatory to the WOC.The distribution of the
data has been partly supported hy the IUGONET (Inter-university Upper atmosphere Global Observation NETwork) project
Chttp://www.iugonet .org/) funded by the Ministry of Education, Culture, Sports, Science and Technology (MEAT), Japan.’

TRENGE = DOUBLEL2] = [1.3305600e+009, 1.3332384e+009]

DTYPE INT |

GREATE _TIHWE DOUBLE

1.5484080e+004

“Tplot variable” is different from normal IDL variable and includes
metadata as well as numerical data.

- allows to create good-looking plots easily with a few commands. 34




Geomagnetic Indices

l Geomagnetic Indicies

. r ""-\-"Afﬁ.\,‘._ﬁ_;\-”*. t“"'\_j\h'ﬂ'h'!hwu‘w"ﬂl )

m A Al W\_Mirh"‘wa4

T

Numerical Data ceomagnetic Aurora
Electrojet Index Provisional AEY

P y .--. 1:
:
1
:i T k\ !f‘i.ll . i
i ":—*’*J-ﬁf".‘-‘-#_‘f& AW, T SN

P @ 4 ' - = + C Cl e

Numerical Data Geomagnetic Eguatorial Dst Numerical Data  jt-|atitude Geomagnetic
Index Provisionalls Indices ASY and SYM

| MM210

Numerical Data 4210 Kagoshima
magnetometer 1 min resolution data

distributed by ERG-SCl7

— M -
Ay -*\_,.._I *;_\_,__‘__,,. i "
e

Mumerical Data mMM210 Moshiri
agnetometer 1 min resolution data
ibuted by ERG-SCl

Numerical Data [MpM2 10 Kototaban
magnetometer 1 min resolution data
distributed by ERG-SClx

1. Click AE index at IUGONET
Type-A to find how to load it.
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Add AE index to stack plot (2)

1. THEMIS> iug load _gmag_wdc, site="‘ae’
(Load AE index from Kyoto WDC.)

*hkhkkhkhkAkkAkAkAkRkKAAkhhhhkhkkkkkhkkkhkhkkhkhkkkhkhkkkkhkkkhkhhkhkkkk

The rules for the data use and exchange are defined by the Guide on the World
Data Center System (ICSU Panel on World Data Centers, 1996). Note that

information on the appropriate institution(s) is also supplied with the WDC = 2 =

data sets. If the data are used in publications and presentations, the data The data use pOlle IS d ISpIayed
suppliers and the WDC for Geomagnetism, Kyoto must properly be acknowledged. = o
Commercial use and re-distribution of WDC data are, in general, not allowed. on the CUI WI ndOW- Please CO nfl rm
Please ask for the information of each observatory to the WDC.The distribution -

of the data has been partly supported by the IUGONET (Inter-university Upper the data use p0| |CY-

atmosphere Global Observation NETwork) project (http://www.iugonet.org/) funded
by the Ministry of Education, Culture, Sports, Science and Technology (MEXT),

Japan.
kkhkkkkkhkkhkkkhkhkkkhkkkhkhkhkkhkhkhkkhkhkkhkhkkkhkhkhkkhkhkhkkhkhkkhkhkkhkhkkhkkkx

2. THEMIS> tplot_names
(Confirm the loaded data)
“‘wdc_mag _ae prov_1min” is additionally displayed.
3. THEMIS> tplot, ['wdc_mag_sym 1', 'wdc_mag _ae prov_1min]

SYM-H index: .
(Indicator of 3E e
geomagnetic storm) e

[
=3
=
=

‘\HIIHH'IHHIIH \HI‘HH‘H \‘HH‘HH

AU, AL, AE, AO index: , .

(Indicator of auroral N s b
activity.) g
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Add AE index to stack plot (3)

Divide tplot variables into each component.
split_vec, ‘'tplot_variable'
Create a vector from some time-series data.
join_vec, ['tplot_variable1’, 'tplot_variable2', ....], 'tplot_variable'

1. THEMIS> split_vec, 'wdc_mag_ae prov_1min'
2. THEMIS> tplot, ['wdc_mag _sym_1', 'wdc_mag_ae prov_1min_0']

10af

Plot Dst and AE indices only.

AU and AL shows eastward and
westward auroral current,
respectively. AE is a value of o
AU-AL (i.e., total auroral activity) | :'E
and AO is the average of AU i
and AL. ok w

Duate 05 Qa7 (2] 11
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Geomagnetic field data

l Geomagnetic Indicies

g r ""-\-"Afﬁ.\,‘._ﬁ_;\-”*. t“"'\_j\h'ﬂ'h'!hwu‘w"ﬂl )

m A Al W\_Mirh"‘wa4

T

Numerical Data  Geomagnetic Auroral
Electrojet Index Provisional AEY

P y 1
1
:i T k\ !f‘i.ll . i
_ \ s g [ PV, LA PN

Numerical Data Geomagnetic Eguatorial Dst Numerical Data  jt-|atitude Geomagnetic
Index Provisionalls Indices ASY and SYM

| MM210

----------

Numerical Data 4210 Kagoshima
magnetometer 1 min resolution data

distributed by ERG-SCl7

— M -
Ay -*\_,.._I *;_\_,__‘__,,. i "
e

Mumerical Data mMM210 Moshiri
magnetometer 1 min resolution data
distributed by ERG-SC|

magnetometer 1 min ©
distributed by ERG-SClx

1. Next, click Kagoshima station of
210 MM network.
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Add other magnetic data to stack plot (2)

1. THEMIS> iug load gmag mm210, site='kag'
(Load magnetometer data at KAG from 210 MM network.)
2. THEMIS> tplot_names

(Check loaded tplot variables.)
mm210_mag _kag 1sec _hdz
mm210_mag_kag_1min_hdz
mm210_mag kag 1h hdz < (Added magnetometer data at KAG.)
3. THEMIS> tplot, ['wdc_mag _sym 1', 'wdc_mag _ae prov_1min 0, $
'mm210_mag_kag_ 1sec_hdz]

« SYM-H index:

An indicator of
magnetic storm

AE index:

An indicator of
auroral activity

Magnetic field at KAG
Ch1: North-south
Ch2: East-west

Ch3: Vertical

4 svM-H

gl AF

3 ch3

32 chi
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Add other magnetic data to stack plot (3)

Change limits of time interval.
tlimit, 'YYYY,-MM,-DD,/hh,:mm;,:ss,', 'YYYY,-MM,-DD,/hh,:mm,:ss.’

tlimit + clicks by mouse (Set max and min limits by clicking.)
tlimit, /last (Return previous limits)

tlimit, /full

(Change to full limits)

1. THEMIS> tlimit, '2012-03-07', '2012-03-08' (Change the time range.)

SYM
[nT]

(1—rnin)
[nT]

Prow, AE

Tseg
hdz
[nT]

ke
2012

20E
:igf 3 STM—H
—60E
_—7BYE
2000
1500 F
1000 E
500 E 3 AE
C' -’ ) ) =
1GGE 8 Ch3
50 B g
o= g
i |
—100 E
00 OB 1600 (000
Mar 07 Mar 08
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Add other magnetic data to stack plot (4)

Change limits of y axis.
ylim, 'tplot_variables', min, max (, LOG=log)

ylim, ‘tplot_variables', min, max, 1 (Set y-axis to log scale.)
ylim, ‘tplot_variables', min, max, 0 (Set y-axis to linear scale.)

1. THEMIS> ylim, 'wdc_mag_sym 1',-100, 100 (Set y-axis range.)
2. THEMIS> tplot

3 srmM-H

2 =
=
_1002 ) W

ke [Ea]HN] 2400 8GO 1200 1600 2000 [Relae]
2012 Mar 07 Mar 08 41




Add other magnetic data to stack plot (5)

Set options for visualization of data.
tplot_options, 'tplot variable', ‘value'

e.g., tplot_options, ‘region’, [x0, y0, x1, y1] (Set the region of axis position)
tplot_options, 'title', 'strings' (Set the title of plot.)
tplot_options, 'var_label', 'tplot_variable' (Add the label to the bottom.)

1. THEMIS> tplot_options, 'region’, [0.05, 0, 1, 1] (Set the region of axis position.)
2. THEMIS> tplot

The Y-axis title was
displayed correctly.

ki Q030 1200 (]
Mar 08

201z bar &7
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Add other magnetic data to stack plot (6)

Set options for visualization of data.
options, 'tplot_variable', ‘option_name’, 'value'

e.g., options, 'tplot_variable', 'labels’, 'label_strings' (Set labels for lines)
options, 'tplot_variable', 'ytitle', 'ytitle strings' (Set y-axis title.)
options, ‘tplot_variable', 'colors', value (Set colors of lines. The values
are 0: black, 1: magenta, 2: blue, 3: cyan, 4: green, 5: yellow, 6: red.)

1. THEMIS> options, 'mm210 _mag kag 1sec hdz, 'labels', [H', 'D', 'Z']
(Change the labels of ' mMm210_mag_kag 1sec hdz')
2. THEMIS> tplot

3 SYM—H

kikirrirn 0oco 1200 (HA B
2012 Mar 7 Mar 02
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Data analysis of tplot_variable (FFT) (1)

“How to Plot” display of magnetometer data at KAG

How to Plot (SPEDAS-CUI #Basic):

IDL> thm_init

THEMIS> timespan, ['2012-03-05 00:00:00', '2012-03-12 00:00:007]
THEMIS> iug_load_gmag_mm210, site="kag', datatype="1min’
THEMIS> tplot, 'mm210_mag_kag_1imin_hdz'

How to Plot (SPEDAS-CUI #Advanced [*Quick-Look was created with this command]):

IDL> thm_init

THEMIS> timespan, ['2012-03-05 00:00:00', '2012-03-12 00:00:007]

THEMIS> iug_load_gmag_mm210, site="'kag', datatype="1min’ .

THEMIS> tdpwrspc, 'mm210_mag_kag_1min_hdz', nboxpoints=128, nshiftpoints=8 CUI #Advanced .

THEMIS> ylim, 'mm210_mag_kag_1min_hdz_x_dpwrspc’, 0.001, 0.008 C

THEMIS> ylim, 'mm210_mag_kag_1min_hdz_y_dpwrspc’, 0.001, 0.008 You can flnd hOW to analyze

THEMIS> ylim, 'mm210_mag_kag_1min_hdz_z_dpwrspc’, 0.001, 0.008

THEMIS> zlim, 'mm210_mag_kag_1min_hdz_x_dpwrspc’, 0.5, 10000 data here

THEMIS> zlim, 'mm210_mag_kag_1min_hdz_y_dpwrspc’, 0.5, 10000

THEMIS> zlim, 'mm210_mag_kag_1min_hdz_z_dpwrspc’, 0.5, 10000

THEMIS> options, 'mm210_mag_kag_1min_hdz_x_dpwrspc’, "ytitle’, 'Frequency!Cdx/dt’

THEMIS> options, 'mm210_mag_kag_1min_hdz_y_dpwrspc', "ytitle’, 'Frequency!Cdy/dt’

THEMIS> options, 'mm210_mag_kag_1min_hdz_z_dpwrspc', 'ytitle', 'Frequency!Cdz/dt’

THEMIS> options, 'mm210_mag_kag_1min_hdz_x_dpwrspc', "ysubtitle’, '[Hz]'

THEMIS> options, 'mm210_mag_kag_1min_hdz_y_dpwrspc', "ysubtitle’, '[Hz]'

THEMIS> options, ‘'mm210_mag_kag_1min_hdz_z_dpwrspc’, 'yvsubtitle’, '[Hz]'

THEMIS> tplot_options, 'region’, [0.05, 0, 1, 1]

THEMIS> tplot, ['mm210_mag_kag_1min_hdz_x', 'mm210_mag_kag_1min_hdz_v', 'mm210_mag_kag_1min_hdz_x/,
'mm210_mag_kag_1min_hdz_x_dpwrspc', 'mm210_mag_kag_1min_hdz_y_dpwrspc’,
'mm210_mag_kag_1min_hdz_z_dpwrspc']

How to Plot (SPEDAS-GUI):

Step 1:  Start SPEDAS GUI Program.

Step 2: Choose [FILE] -> [Load Data].

Step 3:  Choose [IUGONET] Tab.

Step 4:  Uncheck 'Use Single Day’.

Step 5:  Set Start Time: "2012-03-05 00:00:00" and Stop Time: '2012-03-12 00:00:00'.
Step 6:  Choose Instrument Type: 'geomagnetic_field_fluxgate'.

Step 7:  Choose Data Type: '210mm#’, Site or parameter(s)-1: 'kag’ and parameter(s)-2: "1min’.
Step 8:  Push [-=] button. (Please wait a few minutes).

Step 9:  Push [Done] button.

Step 10: Choose [Graph] -> [Plot Layout Options].

Step 11: Choose 'mm210_mag_kag_1min_hdz" and push [Line->] button.

Step 12: Push [OK] button.
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Data analysis of tplot_variable (FFT) (2)

Apply the FFT method to the magnetometer data at KAG
tdpwrspc, 'tplot_variable', nboxpoints=nfft, nshiftpoints=nshift
(nboxpoints: number of FFT points. nshiftpoints: number of shift points.)

1. THEMIS> tdpwrspc, 'mm210_mag_kag_1sec_hdz', nboxpoints=512,
nshiftpoints=256 (Apply FFT to the magnetometer data at KAG)

2. THEMIS> tplot_names
3. THEMIS> tplot, ['wdc_mag sym 1','wdc_mag ae prov_1min_ O,
'mm210_mag_kag 1sec hdz x','mm210 _mag kag 1sec _hdz_x_dpwrspc']
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E hhrmrm Gaca G400 Gaeo 1200 16800 2000 Gaca
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" IUGONET | Convenient function for tplot variables (1)

Calculate the sum of two tplot variables.
add_data, 'tplot_variable1’, 'tplot_variable2'

Calculate the difference of two tplot variables.
dif data, tplot_variable1’, ‘tplot_variable2'

Calculate the product of two tplot variables.
mult_data, 'tplot_variable1’, 'tplot_variable2'

Calculate the division of two tplot variables (“tplot_variable1”/’tplot_variable2”)
div_data, tplot_variable1’, 'tplot_variable2'

Calculate the average of a tplot variable over time of res(s).
avg_data, 'tplot_variable', res

Calculate the derivation of a tplot variable.
deriv_data, 'tplot_variable'
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" IUGONET | Convenient function for tplot variables (2)

* Interpolate “tplot variable1” using time of “tplot_variable2”.
tinterpol, ‘tplot variable1’, ‘tplot_variable2’

Smooth “tplot_variable” by running average with a time window of dt(s).
tsmooth_in_time, ‘tplot_variable’, dt

Apply the high-pass filter of dt(s) to “tplot_variable”.
thigh pass_filter, ‘tplot_variable', dt

Subtract average value from “tplot_variable”.
tsub_average, 'tplot_variable' (, /median)

Calculate dynamic spectrum of “tplot_variable”
tdpwrspc, ‘tplot_variable', nboxpoints=nbx, nshiftpoints=nsp
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" IUGONET | Convenient function for tplot variables (3)

Replace values of “tplot_variable” outside of limits with NaN.
tclip, 'tplot_variable', amin, amax

Interpolate data for NaN and Inf in “tplot_variable”.
tdeflag, ‘tplot_variable', 'linear

Replace data gap (margin+dt ~ maxgap*dt) in “tplot_variable” with NaN.
tdegap, 'tplot_variable', maxgap=maxgap, margin=margin

Remove spike noise from “tplot_variable”.
clean_spikes, 'tplot_variable'

Calculate dynamic spectrum of “tplot_variable” by wavelet transform.
wav_data, 'tplot_variable'
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Convert between “tplot variables” and IDL variables (1)

Retrieve data or limit structure from “tplot_variable”.
get _data, 'tplot_variable', data

lim

data structure default limits structure limits structure

1. THEMIS> get data, 'mm210 _mag kag_ 1sec_hdz', data=d, dlimits=dl, lim=Ilim

2. THEMIS> help, d, /struct (Check data structure.)

** Structure <17ac3700>, 2 tags, length=12096000, data length=12096000, refs=1:
X DOUBLE Array[604800] (Time : 1 dimension)
Y FLOAT  Array[604800, 3] (Magnetic field vector : 2 dimension)

3. THEMIS> help, dl, /struct (Check default limits structure.)
** Structure <1ab92dd0>, 4 tags, length=1256, data length=1250, refs=2:

CDF STRUCT -> <Anonymous> Array[1]
SPEC BYTE 0
LOG BYTE 0

YSUBTITLE STRING '[nT]'

4. THEMIS> help, lim, /struct (Check limits structure.)
** Structure <e3fa9f0>, 3 tags, length=64, data length=56, refs=2:
COLORS INT Array[3]
LABELS STRING Array[3]
LABFLAG INT 1



Convert between “tplot variables” and IDL variables (2)

Create “tplot variable” from data structure and limits structures.
store_data, ‘tplot_variable’, data={x:time, y:val}, dlimits=dlim, lim=Iim

time: unix time (number of seconds since 1970-01-01UT)
val: data array

1. THEMIS> time = d.x  (Substitute time to IDL variable, “time”.)
2. THEMIS> val = sqrt( d.y[*, 0]*2 + d.y[*, 1]*2 + d.y[*, 2]*2)
(Calculate the absolute value of the magnetic field,
sqrt(Bx"2 + By*2 +Bz*2) and substitute it to “val”)
3. THEMIS> store data, 'kag_abs', data = { x:time, y:val }
4. THEMIS> tplot_names

5. THEMIS> tplot, [mm210_mag_kag_1sec hdz', 'kag_abs']

ou



Convert between “tplot variables” and IDL variables (3)
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Calculation of “tplot variables” by calc (1)

Calculate using “tplot_variables” by “calc”.
calc, 'equation’

« Whole of the equation is enclosed by single quotations (').

« “tplot_variables” are enclosed by double quotations ( ” ).

« Many functions, such as sin(), cos(), tan(), exp(), log(), abs(), min(), max(), total(),
mean(), median() are available.

—

. THEMIS> calc, ' "kag_abs calc" = $
sgrt("mm210 _mag kag 1sec hdz x"~2 + $
"mm210_mag kag 1sec hdz y"~2 + $
"mm210_mag_kag 1sec hdz z" " 2)'
2. THEMIS> tplot, [[mm210_mag kag 1sec_hdz', 'kag_abs', 'kag abs calc]
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Create an image file

Create an image file from the currently displayed image.
makepng, ‘filename' (Create PNG file)

makejpg, filename' (Create JPEG file)

makegif, ‘filename' (Create GIF file)

popen, filename'  (Open postscript file.)

pclose (Close postscript file opened with popen.)

1. THEMIS> makepng, 'Figure _test' (Create PNG file, “Figure_test.png”)
2. THEMIS> makejpg, 'Figure test' (Create JPEG file, “Figure test.jpeg”)
3. THEMIS> makegqif, 'Figure test' (Create GIF file, “Figure_test.qgif”)

4. THEMIS> popen, 'Figure_test'

(Change plot device to postscript and open a file, “Figure_test.ps”.)
5. THEMIS> tplot (Plot data)
6. THEMIS> pclose (Close the postscript file and change device back to default.)
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Create an ascii file

Create an ascii file for selected “tplot variable”.
tplot_ascii, ‘tplot_variable' (, fname="filename’)

Save “tplot variable” in a binary file.

tplot_save, 'tplot_variables', flename='filename'
Restore “tplot variable” saved with “tplot_save”.

tplot_restore, filename="filename'

1. THEMIS> tplot_ascii, 'mm210_mag kag 1h_hdZz
(Save an ascii file named “mm210_mag_kag 1h_hdz.txt” in a current directry.)

Data in the “mm210_mag_kag_ 1h_hdz.ixt”:

2012-03-05/00:00:00.000 -2.2200001e+001 3.5100002e+001 -1.2900001e+001
2012-03-05/01:00:00.000 -2.8200001e+001 2.8100000e+001 -2.5600000e+001

2. THEMIS> tplot_save, 'mm210_mag kag 1h_hdz’
(Save a binary file named “saved.tplot” in a current directry.)
3. THEMIS> store data, 'mm210_mag _kag 1h_hdz, /delete
(Delete 'mm210_mag_kag 1h_hdz' from memory.)
4. THEMIS> tplot_ names (Confirm that'mm210_mag kag 1h_hdz' was deleted.)
5. THEMIS> tplot_restore,filename='saved.tplot' (Restore the saved tplot variable.)

~



Examples of Application
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Figure 3. Event S2, 9 March. The storm is caused by the southward
field component of a MC. An unusually intense SI” is associated
with a strong shock leading the MC. There may be a coronal loop/
coronal sheath detected within the interplanetary (ICME) event
(shaded).

Tsurutani et al. (2014), J. Space Weather
Space Clim., 4, A02, DOI:
10.1051/swsc/2013056.

Characteristics of solar wind and
geomagnetic activity on 3 March 2012:

v' Geomagnetic storm (max. Dst = -148
nT) is caused by negative IMF-Bz
associated with the magnetic cloud
(MC).

v’ Extremely high temperature region (T~
20*1075K) passed through the
upstream and downstream of
interplanetary shock the period from
11:30UT on 8 March to 01:50UT on 9
March (Coronal loop or coronal
sheath?).

v’ Sl+ observed at 11:30UT on 8 March
is very strong (~60nT).
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Plot solar wind parameters and geomagnetic indices (2)

1. THEMIS> timespan, '2012-03-08', 3 (Set timespan to 3 days from 2012-03-08.)
2. THEMIS> omni_load_data, /resbmin (Load OMNI data.)

3. THEMIS> tplot_names I
(Check the loaded data.)  ° " "=l :

4. THEMIS> tplot, Z;@MWJ bk WA S — =
[OMNI_HRO_5min_flow_speed’, ~ #-=:% o I, 3
'OMNI_HRO_5min_proton_density’, . 5
'OMNI_HRO 5min_T', : 3

'OMNI_HRO_5min_F',
'OMNI_HRO_ 5min_BX GSE/,
'OMNI_HRO_ 5min_BY_GSE/,
'OMNI_HRO_ 5min_BZ GSE',
'wdc_mag_ae prov_1min_0',
'wdc_mag_sym_1']

5. THEMIS> ylim, 'wdc_mag_sym_1", 2 o
-150, 50 e
6. THEMIS> tplot

MMMMM
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Plot solar wind parameters and geomagnetic indices (3)

1. THEMIS> options, 'OMNI_HRO 5min_BX GSE/, labels="'Bx', colors=2
2. THEMIS> options, 'OMNI_HRO 5min_BY_GSE', labels='By', colors=4
3. THEMIS > options, 'OMNI_HRO 5min_BZ GSE', labels='Bz', colors=6
(Set colors and labels for IMF-Bx, By, Bz (2:blue, 4:green, 6:red).)
4. THEMIS > store_data, 'OMNI_HRO 5min_Bxyz GSE',
data=['OMNI_HRO 5min_BX GSE', 'OMNI_HRO _5min_BY GSE,
'OMNI_HRO 5min_BZ GSE/]

(Store the IMF-Bx, By, Bz vector into  zysype et T e 3
“OMNI_HRO_5min_Bxyz GSE”) E
B - - soe5iT 2 3
oIman%; WWJ UMJ}MWM e . ,%

5. THEMIS> tplot,
[[OMNI_HRO_5min_flow speed!,
'OMNI_HRO 5min_proton_density’, e
'OMNI_HRO_5min_T,
'OMNI_HRO 5min_F/,
'OMNI_HRO_5min_Bxyz GSE',
'wdc_mag_ae prov_1min_0/,
'wdc_mag_sym_1']
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Compare GOES X-ray flux with geomagnetic field (1)

1. THEMIS> timespan, [2012-03-05 00:00:00', '2012-03-12 00:00:00']
(Set timespan.)

2. THEMIS> goes load data, probes="'15', datatype="'xrs', /avg_1m
(Load 1min-averaged X-ray flux data from the GOES-15.)

3. THEMIS> tplot, ['g15 xrs_avg', 'mm210_mag_kag_ 1sec hdz]
(Plot the GOES X-ray flux and magnetometer data at KAG.)
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Compare GOES X-ray flux with geomagnetic field (2)

1. THEMIS> tlimit, '2012-03-06/20', '2012-03-07/04'
(Change the time range to find a good correlation between X-ray flux
and geomagnetic field.)

1| Solar Flare Event (SFE)

] The east-west component
|-+ of the magnetic field
R & shows large variation
o | | | | | E when the X-class flare

4 ] occurred.

SaizEs

It is interpreted that the

ionospheric conductivity
E ] was enhanced by the

= | increase in the X-ray flux.

2012 Mar 06 Mar 07

—40 [
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| superDARN
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data of SuperDARN Hokkaido East HF ra

r data of SuperDARN King Salmon HF radar

M"' (o 4
H [ T

data of SENSU SuperDARN Syowa East HF

distributed by ERG-SCI7

distributed by ERG-SCI7 radar distributed by ERG-SCI

Numerical Data The common time fitacf
data of SENSU SuperDARN Syowa South HF
radar distributed by ERG-SCI7

You can find how to load and plot data
from SuperDARN Hokkaido East radar
by using IUGONET Type-A
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Plot SuperDARN radar data (2)

1. THEMIS> timespan, '2012-03-09' (Set timespan.)
2. THEMIS> iug_load_sdfit, site="hok'
(Load SuperDARN radar data at HOK.)
3. THEMIS> tplot hames (Check loaded data.)
4. THEMIS> tplot, ['sd_hok pwr_1', 'sd_hok vlos bothscat 1’
'sd_hok spec_width 1]
(Plot the echo power, line-of-sight(LOS) Doppler velocity, spectral width.)
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Plot SuperDARN radar data (3)

1. THEMIS> splitbeam, 'sd_hok vlos bothscat 1'

(Split LOS plasma velocity into each beam.)
2. THEMIS> loadct_sd, 44

(Change color table for the LOS Doppler velocity of SD radar.)
3. THEMIS> tplot, ['sd_hok vlos bothscat 1_azim04',

'sd_hok vlos_bothscat 1 _azim07', 'sd_hok vlos bothscat 1 azim10']

4. THEMIS> tlimit, '2012-03-09/06', '2012-03-09/12'
5. THEMIS> zlim, 'sd_hok vlos bothscat 1 _*', -1500, 1500

6. THEMIS> tplot
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Plot SuperDARN radar data (4)

1. THEMIS> window, 1, xsize=600, ysize=600 & erase
2. THEMIS> sd init (Initialize for SD tool.)
3. THEMIS> sd time, 1000 (Set time for 2D plot to 10:00UT.)

4. THEMIS> sd _map_set, /erase, /clip, /mltlabel, center_glat=60, center glon=160

(Set map for 2D plot.)
5. THEMIS> overlay _map_sdfit, 'sd_hok vlos 1"
(Plot the LOS velocity on the map.)
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Set color table

Set color table.
loadct2, value

options, ‘tplot_variable', ‘color table’, value
(Set color table separately for each “tplot_variable”)

1. THEMIS> loadct2, 0  (Black-White)
2. THEMIS> loadct2, 43 (First-Special. Default for SPEDAS.)

3. THEMIS> options, 'sd_hok pwr_1', ‘color table', 0 (Black-White)

4. THEMIS> options, 'sd_hok vlos bothscat 1', 'color table', 43 (Fast-Special)

5. THEMIS> options, 'sd_hok _spec_width_1', 'color_table', 43 (Fast-Special)

6. THEMIS> tplot, ['sd_hok pwr_1','sd_hok vlos bothscat 1/,
'sd_hok spec _width 1]
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Plot EISCAT radar data (1)

I Imager

Plot/Movie Data All-sky auroral image taken Plot/Movie Data p|l-sky auroral image taken Plot/Movie Data a||-sky auroral image taken

You can find how to load and plot
data from EISCAT (ESR-42m) radar

by the Color Digital SLR Camera at by the Color Digital SLR Camera at Syowa by the Color Digital SIR Camera at Tromso,
Longyearbyen, Svalbard, Norway.|['? Station, Antarctica. Norway.|

: hI-sky auroral image taken Plot/Movie Data a||-sky auroral image taken
by USIng IUGONET Type_A t all-sky camera at Syowa by the white-light all-sky camera at

SO, Ararcrica. |’ Tiornes, Iceland J&7

1M.9E , MASN
LHaARAK]

- —

Numerical Data Basic parameters obtained =~ NumericalData Basic parameters obtained — Plot/Movie Data Observation data taken by
by the 32m ESRl by the 42m ESRl: the visible all-sky camera at Shigaraki MU

Observatoryls/
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Plot EISCAT radar data (2)

1. THEMIS> timespan, '2012-03-09' (Set timespan.)
2. THEMIS> iug_load eiscat, site="esr_42m'
(Load ESR 42m-antenna data.)
3. THEMIS> tplot, ['eiscat_esr42m_ne', 'eiscat_esr42m_te',
'eiscat_esr42m ti', 'eiscat_esr42m_vi']
(Plot basic ionospheric parameters, i.e., electron density, electron temperature, ion
temperature and ion velocity.)
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Plot EISCAT radar data (3)

1. THEMIS> thm_load_gmag, site='lyr tro', /subtract_average
(Load the magnetic field at Longyearbyen and Tromso. )
2. THEMIS> tplot, ['eiscat_esrd2m_ne', 'eiscat_esrd2m_te',
'eiscat_esrd2m _ti', 'eiscat_esrd2m_vi',
'thg_mag_lyr', 'thg_mag_tro']
(Plot both EISCAT radar and magnetometer data.)
3. THEMIS> tlimit, '2012-03-09/2', '2012-03-09/8'
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Plot meteor radar data (1)

:-?,": “F ] i

Numerical Data Wind data in the equatorial

mesosphere and lower thermosphere
estimated from the MF radar observations

No Data

Numerical Data wind data in the
mesosphere and lower thermosphere
estimated from the observation data of the

at Pameungpeuk (NetCDF format)y

I MW Radar

MF radar at Pontianak (NetCDF format)ls’

‘H {hrv- FIN # i‘:‘ﬂl\

o
1: ol Q"“v

Wﬂﬁ%ﬁ""ﬁi
Numerical Data Horizontal wind data in the

equatorial mesosphere and lower
thermosphere estimated from the meteor

l—ﬂt—_{ f'Fq;’lt "jl

b MM& =

Numerical Data  Horizontal wind data in the
equatorial mesosphere and lower
thermosphere estimated from the meteor

radar observations at Biak (NetCDF format) radar observations at Kototabang (NetCDF

&

format)|s7

You can find how to load
and plot data from meteor
radar at Biak by using
IUGONET Type-A.




Plot meteor radar data (2)

1. THEMIS> timespan, ['2012-03-05/00:00:00', '2012-03-12/00:00:00']

2. THEMIS> iug_load _meteor rish, site="'bik', parameter=['h2t60min00',
'h2t60min30', 'h4t60mMin00', 'h4t60min30'], length="'1_day'
(Load meteor radar data at Biak. )

3. THEMIS> tplot, ['iug_meteor bik _uwnd_h2t60min00',
iug_meteor_bik_uwndsig_h2t60min00/, iug_meteor_bik_vwnd_h2t60min00',
iug_meteor_bik vwndsig h2t60min00', iug_meteor_bik_mwnum_h2t60min00']

(Plot zonal wind (uwnd), meridional wind (vwnd), and their variance and number of

meteor. )
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Plot meteor radar data (3)

1. THEMIS> iug load gmag_wdc, site='sym'
(Load SYM index. )
2. THEMIS> split_vec, 'wdc_mag_sym'
(Split SYM index into each component. )
3. THEMIS> tplot, ['wdc_mag sym 1', 'iug_meteor bik uwnd_ h2t60min00',
iug_meteor_bik _uwndsig_h2t60min00', iug_meteor_bik_vwnd_h2t60min00',
iug_meteor bik vwndsig_h2t60min00', 'iug_meteor_bik_mwnum_h2t60min00']

(Plot both SYM index and meteor radar data)
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Note

Even if you can not find some kinds of data at the IUGONET
Type-A, it may be possible for you to analyze the data with
SPEDAS. Please notice that all IUGONET data have not been
registered to IUGONET Type-A.

QL plots of recent data have not been created yet at IUGONET
Type-A, however, it may be possible for you to plot the data
with SPEDAS.
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