SPACE WEATHER

Supporting Information for ” The substorm cycle as
reproduced by community-available global MHD

models”
E. Gordeevl, V. Sergeevl, N. T syganenkol, M. Kuznetsoan, L. Rastéitterg,

J. Raeder?’7 G. Téth4, J. LyonS, V. Merkin® and M. VViltberger7

Corresponding author: Evgeny Gordeev, Saint-Petersburg State University, St. Petersburg,

Russia. (evgeny.i.gordeev@spbu.ru)

1Saint-Petersburg State University,
St. Petersburg, Russia

2NASA Goddard Space Flight Center,
Greenbelt, MD, USA

3Space Science Center, University of New
Hampshire, Durham, NH, USA

4Center for Space Environment
Modelling, University of Michigan, Ann
Arbor, MI, USA

"Department of Physics and Astronomy,
Dartmouth College, Hanover, NH, USA

SApplied Physics Laboratory, John

Hopkins University, Laurel, MD, USA

DRAFT November 21, 2016, 3:49pm DRAFT



X-2 GORDEEV ET AL.: GLOBAL MHD SUBSTORM

Content of this file
1. Introduction
2. Table S1

3. Table S2

Additional Supporting Information (Files uploaded separately)
1. Movie (gif) S1
Introduction

As a supplement to the paper, here we present two additional tables and one gif movie
file.

The Table S1 contains the summary of the main numerical details of the used global
MHD simulations.

The Table S2 collects the input solar wind and interplanetary magnetic field components
for 19 simulations as well as their names. All simulation results can be found at NASA
Community Coordinated Modelling Center webpage [http://ccme.gsfe.nasa.gov/] under
the names shown in the table.

The Figure S1 (gif movie) contain supplementary movies demonstrating the dynamics
of magnetospheric configuration and main parameter distributions in the meridional (top

row) and equatorial (botom row) planes during the artificial event. Three different GMHD
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models (from left to right: BATSRUS, LEM, Open GGCM) are used with the same
corresponding solar wind input #02: 2 hour northward B, = +3nT followed by 2 hours
southward B, = —5nT, other parameters are: IMF B, = +4nT, B, = —2nT, solar wind
speed V,, = —400km/s, V, = V, = 0, temperature T = 1e5K, and density N = 7em ™.
Each plate of the top row shows the meridional view of magnetic field lines, logarithm
of plasma pressure (color) and plasma velocity (arrows). Each plate of the botom row
shows the equatorial view of logarithm of magnetic field magnitude (isocontour lines),
logarithm of electric field (color, to characterize the amplitude of magnetic flux transport)
and plasma velocity (arrows). There are also three panels at the top wich demonstrate
the variation of (from left to right): IMF Bz, lobe magnetic field and cross-tail electric

potential.
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Table S1.

Summary of features and settings of global MHD models used in this study, see the text for details

BATS-R-US
v20110131

GUMICS
4-HC-20140

LFM
LTR-2.20

OpenGGCM
4.0

General properties:

MHD equations

Ideal, conservative,
By + By

Ideal, conservative,
By + By

Ideal, semi-conservative,
By + By

semi-conservative
with resistivity

Solver notes Eight-wave Mostly Roe, Total variation TVD, CT
approximate subcycling, diminishing (TVD),
Riemann divB cleaning constrained transport (CT)

Order of MHD  2/2 1/1 8/2 4/2

discretization

spatial /temporal

MHD grid type Cartesian, Cartesian, dynamic, Distorted spherical, Stretched Cartesian,

static, block-refined

cell-refined

static, not refined

static, not refined

Characteristics of our set of runs:

Spatial grid

~2M cells

~100K cells

~160K cells

~3.5M cells

resolution, SS point - -0.25 SS point - -0.5 SS point - -0.3x**x0.8 SS point - -0.25x0.3x0.3

[RE| PS (X=-10) - -0.25 PS (X=-10) - -0.5 PS (X=-10) - -0.9x**x0.8  PS (X=-10) -0.2x0.3x0.3
MP (X=-15) - -1.0 MP (X=-15) - -2.0 MP (X=-15) - -1.0x**x1.5 MP(X=-15) -0.25x0.35x1.5

Ionospheric Constant Auroral Constant Constant

conductance Fi0.7=150-10"2 Wm?Hz !

Ionospheric grid
resolution, [deg]

Lat=1° Lon=2°

Triangular adaptive
min=0.9° max=3.6°

Lat=2° Lon=2°

Lat=0.5° Lon=3°

Comments: Simulations with enhanced spatial resolution does not show significant changes in results for the set of used system parameters.

November 21, 2016, 3:49pm DRAFT

DRAFT



GORDEEV ET AL.: GLOBAL MHD SUBSTORM

"2 PIRMI[INOS JO T[g JXOU - ¢ ‘*g PIRMI[}IONU JO g XU - T ‘(YT ~) Surwontpuoseid - () 77 pue *g yiim posn seorpuf

" /A08-eseurojs8round / /:dyyy ‘eysqem DN 18 PUNO] 9q Ued SUOIJR[NUIIS JO SYNSOI O],

¢

DRAFT

November 21, 2016, 3:49pm

69 F180CT T€¥P1€02T 671021 C¥+/Lc SF1 (¢'g+'g) - P+ L9 ‘005 ‘S ‘006~ 6T
8GFT80CT 0£71€0CT S 71021 Ge+/1¢- 921 (¢'e+'g) ‘T P+ 26F ‘00 9 ‘00L- ST
LSFTE0TT 6 F1€0CT  LF1€001 S¥+/71- 9¢  (01-'¢+'¢)  (91-¢-'2) ¥+ 69T 06 G 0k LT
9¢FTE0TT QT FIL0CT 971081 Sv+/71- ¥'¢  (o1-'¢+'¢)  (01-¢-'2) ¥+ 691 ‘0 ‘G 0sh- 9T
CCHTE0TT LTHIE0CT  SHIL0ZT Le+H/v1- 9% (9-'¢+e)  (8-'¢e) P+ 69T ‘0% ‘G oS- <1
7SVIE0CT 9z F1€02T  FHIC0CT 0'¢+/ST1- 80T (G- g+'¢) ‘- P+ 19¢ 0S¢ 9 ‘009- VI
eqFIE0TT CTFIC0CT  €71€02T 0'¢+/81- 29  (6-‘e+'¢) ‘T P+ 0¢T ‘0S¢ ‘009~ €1
CaYIE0TT P FIC0CT  THIC0ZT 0C+H/T1- €6 (G- g+'¢) ‘T 7+ 89¢ ‘00T ‘0T ‘00~ @I
1S71€02T eTYIC0CT  THIE0ZT 0Ct+/z1- 6¢  (¢'e+'g) ‘T P+ 20T ‘00T T ‘00~ TIT
0G FTE0TT CeHIC0CT  0TF1E0CT OF+/¥2- ¢8  (¢'e+'g) ‘T P+ ¥ ‘0S¢z ‘008 0T
67 71€02T 1TP1€02T  OF #1€00T € T1+/60- 92  (¢'e+'¢) ‘T P+ 08T ‘e ‘CT ‘00€- 60
SF F1€0TT 0¢ #1€0CT  687F1€0CT 0€+/9¢- 88  (¢9+'¢) ‘T Y+ e ‘0¢c v ‘009 80
LYV 1€0CT 61 71€0CT  S&FILOCT SF+/81- S9  (8-'¢+'¢) ‘T P+ IFe ‘0S¢ ‘v ‘009- L0
9% ¥1€021T QIFIC0CT LEHILOCT 0°¢+H/8T- 88 (¢-‘e+¢-) ‘- P+ 1¥c 0S¢ ‘P ‘009- 90
SV 16021 LUFTIE0CT  9€¥HT1€08T ¢ 1+/81- 121 (g'e+'e) ‘- P+ 1¥C 0S¢ ‘P ‘009- SO
PP P1E02T 9T HIC0CT CEHIC0TT 0C+H/Te- 82 (6-‘9+'¢-) ‘- P+ LT 00T L 00F- ¥0
CV PTE0TT CTHIL0ZT  ¥eFIC0CT Te+/T1- L¢ (8- ¢g+'¢) ‘T P+ 28T 00T L ‘00~ €0
Zrv1e0TT PIHIC0CT  €€7TC0CT 0g+/T1- 82  (6-‘e+'g) ‘T P+ 8T 00T ‘L ‘00%- 20
I 718021 ST PIL0CT  T&HIL0Tl 80+/21- 901 (z-'e+'g) ‘T P+ 28T ‘00T ‘L ‘00F- 10
INAT WOoDD uedg SNUSLVI [Ly] (L] [Lu] [equ] [ -.01] [ wo] [s/wny]
eV Yy (P g ig) A B B Y

[HOTSUS)X0|~AG9PIOL) ST UNI JT[) JO SIRU [[N]

:suna HINDD JO SUOISUD)XD dUIeN] sindur JINT 23 PUIAA IB[OS plepueils

oseqrIRp UOIYR[NIS DA OY) Ul SOWRU UNI IO} puR sjos rvjep jndur prepur)s g Jo siojourered

¢S Sl9EL

DRAFT



