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Interactive data discovery with VirES
https://vires.services

The Swarm mission is broader than the Swarm spacecraft
Swarm software & services improve utility of other datasets

Python & Jupyter tooling
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from viresclient import SwarmRequest

SwarmRequest()

.set_collection("SW_OPER_MAGA LR_1B")

.set_products(
measurements=["B_NEC"],
sampling step="PT10S",
models=["IGRF", "SwarmCI"],
residuals=True,
auxiliaries=["MLT", "QDLat"]

.set_range_filter("Kp", 0, 2)
.get _between("2018-01-01", "2018-02-01")
.as_xarray()
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Longitude (deg)

viresclient provides access to data and models
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notebooks.vires.services

viresclient

' SwarmPAL

' ChaosMagPy
. pyAMPS

' pySWIPE

. IBP-Model
 SwarmFACE

Swarm observations
OPER and FAST

2[5) o |
g o
| " : VirES is a platform for using LEO & ground magnetometry
[ Coastlines and Countries ¢ 4 2 v 45000
[] Graticule S - = : ( )
] Magnetic Graticule d # g 40000 g a n d m O re
[ Satellite Orbit 5 E 35000 E
— Multi-satellite Products g—
Alpha [ Bravo [7] Charlie [] A7 ‘ 20000 2 H
Customise plots
ASM scalar data (1Hz) i i
Magnetic data (MAG LR) o \F;lrt:laI(R 20000 Magnetic residuals B — Bcraos [nT]
oq EVionmen — Evaluated on demand
El Launc F:
\/ & index data (IBI) o=u A & 60 @® B_C model residual | - ‘
Lea rn about [ | Total electron content (TEC)  @=® E 40 ; _v\ szan?: “\
products J/ O Fokcion ™ | o=m g ” : | jil | ,
O Fggg:ouale\ectricffeld o=m i‘é‘ -2: é_ T s'wamB
O b ke | o=w " LLLAS
= -50 T : .l v 0§
Magnetic Model =8 = MAG A LR 1B Settings _l Cryosatjtzv ; ..:P g
[ | DstIndex =m - — -80 -60 -40 -20 QD_LM“?ME i 20 40 60 80 p q_] ﬁ :
[J | |dDst| Index =8 Parameter | Magnetic field intensity v 0 : } : :
™  Kp Index ] — 55000 X 35000 X 14000 X 50000 X 12 X 100 X 24 @x 0.26 X _‘ G_RACE_-FO 1_ -l TEREPERY
2 Styls (S i H 12000 4 40000 O — — 22 0.24 ‘P ¥ [
0 | Fro7 ndex = [ = w0 by | Bm | oo} -t = i — 022 | r
S 15000 23000 31000 39000 47000 55000 45000 == o | Gk 20000 § - o= 18 224 ; : d : : : : : i
@) lerrain- t errain 2 Cloudless T = - = = ] = = 8 1
@Terrain-Light QTerrain O u 15000 nT [s5000 40000 E s g gggg g 10002 § i é 50 E :j g,:i § // o\yINTERMAGNET:/_\'B’Ii M\mw ~
Opicit 35000 == 10000 - S— 0 —| i = 0 m— 12 <
— - ® 30000 E 2000 E jggg g‘ -lgggg i . u'-? 20 E L 0.1 4 I ' : : ; ; I I : I
15000 23000 31000 39000 47000 55000 E 0 g- -6000 =- _300005 03 -40 E 8 °-°8i Fllter by parameters Jun-01 03:00 06:00 09:00 12:00 15:00 18:00 21:00 Jun-02
CHAQS-7 (compiate) -, [T} Outlines 0 Eall -5000 § -8000 § 40000 = 23 60 - — i 006 & Timestam 2018-Jun-02
E— e i poend 20000 & _io0067] -10000 § e H 4= § g R P
15000 23000 31000 39000 47000 55000 egen 5 Z ; Y -12000 § 9 H b3 B 3 r 5 2 o002 o
MAG ALR 1B - F [nT] | 15000 -15000 -14000 -60000 6 -100 = 0 0
Aug 23 2021 12:00 Aug 24 2021 12:00 Aug 25 2021 12:00 Aug 26 2021
I n Config  +Add plot
X Q8
v 3 FAC (Alpha)
7ol J * f S :
E o { £
2ol qV& ﬂ*‘*“fu |
g o
I S 2
-4
1 1 1 X a8
Experiment with different : = v
. s = A Peak electrojet %
L views of the data : 6/ L
p ) i/ L_T\ ; g
- h 0 +801¢ +501
QDLatitude_periodic [deg] Y d
EEL
P LRI 1 S R A O * oyl s . i bt
C i e st ' ; vires.services e
olour by third L jo| e e S e vre.vires.services
R e e e e
e parameter / i
X“»Sor
e o e T i
SW OPER_ACIALPS 253 DF NE (Al 3 . Se2e32e°% § . ., <issg. 411 w T
e !' - ‘S“E, .“‘ ’ > ',ml. o' 0 . s s'._ 5% h : i g Ul i Python program
8o . E
'335,3:":5”:% A “a! it 1 z
HiL :E::EE‘ et ety fes:t VirES web client L_ P\;:;‘E:n any other ViI‘ES Server ~
il A . Client client
A range of models are supported
and are evaluated on demand APl
any HAPI :
VirES server client Communlty
,f,_':-‘;,;;;_;:;%?.:‘\\ software
e 4 /"-4. . "_"‘.‘~ \\\\
45/ S - S N
y 7~ ran
475" 7T \‘\& '\ 1\
: /7 it . SN
- ' ‘/ \Q N
S 7, ’l: - L) . \
» / : ,\- f s
- 3 O )
. / \ o‘ ) \
/ .
| / \
b\ ° E % - J
. & %
- .\ p. '. ~ /
o B_N (Alpha)
p— — 50000 —
TP T W LI T B-E (Alpha)
40000 B-C (Alpha)
30000
20000
= Magnetic Model Settings =
'S, 10000
Parameter | Down component v 8 0
Styl p—— §|-10000 ° ° °
o Multimission
= ST - N 20000
-100 -60 -20 20 60 100 -30000 sources:
oF Customise, combine, 40000 .
p— -50000
i and compare models

S wis o ENE
[=| MLLSHA 20 o DHEJ x 600

Choose model or type its name =
. £, 400
Height : Combine data & 3
Above ellipsoid (Km) o 200
models to evaluate 2
Apply changes 3
Spherical Harmonics Coefficients reS I d u a I S Sl 0 >
L
X Upload SHC File Z| -200
Legend @
-400
-600

CHAMP

B -N res_Model (Alpha)

B -E res_Model (Alpha)

B -C res_Model (Alpha)

CryoSat-2

GOCE
GRACE
GRACE-FO

01:00 02:00 03:00 04:00 0500 06:00 07:00
2024-02-01T02:00:00 T|mestamp

VIirES service:

VRE Guide / Swarm Notebooks:
viresclient Python package:
Blog posts:

Swarm mission:

https://vires.services Industry Team (EOX)
nttps://notebooks.vires.services - Martin Paces

nttps://viresclient.readthedocs.io - Dan_ie! Santillgn
nttps://eox.at/tag/swarm - Christian Schiller

nttps://earth.esa.int/eogateway/missions/swarm
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SwarmPAL adds tools for
processing and visualising the
data, and is developed directly
by the research community

SWARM

We provide access to
community software through

Swarm Notebooks
Cookbook for Swarm products and tools
https://notebooks.vires.services

the VRE (Virtual Research

Environment) JupyterHub.
People can use these to write
their own analysis code using
only a web browser

Product information Geomagnetic Mod

bstract: An exploration of geomagi

+ CryoSat-2:
Olsen, N., Albini, G., Bouffard, J. ef
magnetometer data. Earth Planets

Swarm Notebooks

https://doi.org/10.1186/s40623-020;
VIrES collection names: "cs_0PER

/ldoi.org/10.1186/s40623-021

VirES collection names: "GRACE_A
+ GRACE-FO (x2):

Stolle, C., Michaelis, I., Xiong, C. e

51(2021).

The network of notebooks
increases exposure of data,

from viresclient import SwarmRequd

https://doi.org/10.1186/s40623-021

VirES collection names: "GF1_OPER}
+ GOCE:

Michaelis, Ingo; Korte, Monika (209

One day of residuals| _ «=

(data minus a core field model)

software and how to use them

https://doi.org/10.5880/GFZ.2.3.20:

Styp-Rekowski, Kevin; Michaelis, I
magnetic field data. V. 0204. GFZ [

https://doi.org/10.5880/GFZ.2.3.20:
VirES collection names: "G0_MAG_A}

VRE and similar platforms
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. Welcome

e

lower the barrier to entry, but

tools are modular and portable

(you can run them anywhere)

Data access

VirES
HAPl—é_.\G

Manual—o J

swarmpal.io

Analysis tools
swarmpal.toolboxes.<...>
.tfa.processes.<xyz>

.dsecs.processes.<xyz>

Apply —»
to data

.createpaldata\W > xarraY-DataTree‘{/////)'
A

interact with
xarray universe

= Visualisation

l% File 1/O

Accessors

.swarmpal.pal meta
.Swarmpal.<...>

______________________________

Swarm Projects
'TFA: Time-Frequency Analysis

> 4 Pre-configured visualisations

swarmpal.toolboxes.<...>
.tfa.plotting.quicklook

'DSECS: Dipolar Spherical Elementary |
' Current Systems '

. yvith more to follow

Available data and interoperability with other services

VIrES provides direct access to the data through an API which allows efficient extraction of subsets
of the data time-series (abstracting details of source data files, while allowing their traceability).
The source data files are synchronized to their latest available versions.

IrES

Higher level derived products:
lonospheric electric currents
ULF activity
lonospheric bubbles etc
Virtual observatories

VIrES
server

API

HAPI servers:

Magnetic Observations

lonosphere &

thermosphere:

TEC, densities,
temperatures and
gradients

CDAWeb
SSCWeb

INTERMAGNET
ground observatories

VIrES
GUI

<63 viresclient

) hapiclient

&J Swarm PAL>

CCMC ISWA
Cluster SA
INTERMAGNET

Other reference clients:
Java, JS, Matlab, R, IDL

AMDA

Geomagnetic models

For more information, see;:
https://swarmhandbook.earth.esa.int

https://viresclient.readthedocs.io

Swarm DISC Team

- Klaus Nielsen

- Nils Olsen

- Poul Erik Holmdahl Olsen
- Ashley Smith

ESA Team

VIrES serves the data from both

the Swarm consolidated (OPER)
and fast-track (FAST) products.

SwarmPAL Team

- Antonio de la Fuente -
- Luca Mariani
- Danilo Parente

Sebastian Kaki
Theresa Hoppe - Georgios Balasis

Heikki Vanhamaki - Natalia Gomez-Pérez
David de Klerk

I
hird-party clients:

) PySPEDAS
Autoplot
TOPCAT

- Constantinos Papadimitriou

LPS 2025

VIrES also adopts the Heliophysics APl (HAPI) to connect with many
heliophysics data systems (hapi-server.org)

abstract
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