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. : : A number of Level-2 data products will be offered by this consortium, All of the derived products will be available through the Swarm
ADbstract: inordertotake advantage ofthe unique constellation including various models of the core and lithospheric field, as wellas Payload Data Ground Segment (PDGS), located at ESRIN, the ESA
of the ionospheric and magnetospheric field. In addition, derived Centre for Earth Observation in Frascati, Italy.
parameters like mantle conductivity, thermospheric mass density
and winds, field-aligned currents, an ionospheric plasma bubble
Index, the ionospheric total electron content and the dayside
equatorial zonal electrical field will be calculated. Following the end of
its 34-month development phase, this service is expected to be
operational for a period of 5 years after the launch of the Swarm
mission, which is scheduled for late 2013.

aspect of the Swarm mission, considerably advanced data analysis
tools will need to be developed. Scientific use of data from the Swarm
mission will also benefit significantly from derived products, the so-
called Level-2 products, that take into account the features of the
constellation. For this reason ESA has established the Swarm
“‘Satellite Constellation Application and Research Facility” (SCARF),
In the form of a consortium of several research institutions.

@
SCARF Development Phase: October 2010 - August 2013 &
The Partners of SCARF SCARF Exploitation Phase: 2014 - 2019 (5 years) P
60 S
, cheduled Swarm launch: end of 2013
: Prime Contractor (DTU)
Milestones of SCARF Development Phase .
S
i Consultant oo
— “' Y A . - ...
NASA , % PDGS (ESRIN)
: i - ge’L Operation
: - - o Readiness Time
'reparation
Version 2
___________ Design L2-
NOAA Version 1 SR | _ _
93\ Design Operational Readiness Review (ORR):
ol AR2 June 2013
Acceptance Review 2 (AR2):
_ AR1 January 2013
Version 0
Design Acceptance Review 1 (AR1):
May 2012
Architectural —
90 N B Design Critical Design Review (CDR):
. : ARO October 2011
eveiopmen .
Activitizs Acceptance Review 0 (ARO):
| May 2011
e PDR
- i 20 Preliminary Design Review (PDR): January 2011
0 10 E
KO
Kick-Off (KO): October 2010
The Level-2 Data Products
Example of MCO core field model
Cat'1 PrOdUCtS Filename
_ _ o . SW_TEST MCO SHA 2R 19980101T000000 20030101T000000 0001.DBL
Complex algorithms to derive Level-2 products describing specific sources of | | |
# Input core field model for generation of core field part of TDS-1 data set.
, . . . . . . g S =
the Earth’s magnetic field. Product derived by SCARF since scientific $oomix = 1, npax - 20. D o
p-shots derived from order-isog=6 spline models. There are isog-2 snap-shots
. . : . # de-1i 1, pl h node i.e. i sog-1=5 -sh d
eXperIence |S reqU|red tO derlve these prOdUCtS : Eiranzpiiiztigzz‘ plus one at each node i.e. every isog snap-shot corresponds
# Gauss coefficient format F15.6
. . L. T 1 20 51 6 5
Science Objective Name Description 1998.00 1998.10 1998.20 1998.30 1998.40
1 0 -29576.796430 -29575.710728 -29574.634241 -29573.565540 -29572.502687
All. Needed for L1b processing M% BeteT angles describing transformation from STR-CRF to VFM frame for satellites A, B, and C 1 _1 _éfgggigigg _éfigggfjgg _éfi%%;é?g _éfigg%éﬁg _éﬁgéggzgz
O1: Core Field <§E§i_SH€E£€;) Spherical harmonic model of the main (core) field and its temporal variation ; S _iggg:;sgggg _igéé:iigzgé _igég:gigggf _§8é3:22ggéf _igéz:égiggg
02: Lithospheric Field MLI_SHA_Z—— Spherical harmonic model of the lithospheric field 2 2 1661.515141  leel.263484  1661.057610  1660.641342  1660.633302
— — 2 -2 -492.677420 -493.890273 -495.107699 -496.328271 -497.550457
03: Mantle Conductivity MIN_1DM_2_ 1D modelw 30 1334.483767 1334.478280 1334.480542 1334.490123 1334.506292
= 3 1 -2296.508319  -2296.833216  -2297.157839  -2297.482789  -2297.808768
MIN 3DM 2 3D model of mantle conductivity \ 3 -1 -209.481862 -208.913432 -208.340820 -207.764238 -207.183928
3 2 1247.909872 1247.812538 1247.717822 1247.625034 1247.533335
MCR_1DM 2 1D C-response maps \ 3 -2 278.291831 277.810544 277.325647 276.837327 276.345760
3 3 690.119217 689.327588 688.530698 687.727961 686.918823
MCR 3DM 2 3D C-response maps \ 3 -3 -513.031082 -513.626410 -514.209373 -514.780763 -515.341350
4 0 925.304661 925.054685 924.807330 924.562662 924.320544
O4: External Current Systems MMA SHA 2 Spherical harmonic model of the large-scale magnetospheric field and its Earth-induced 4 1 793.136676 793.375020 793.614932 793.856362 794.099111
counterpart 4 -1 279.222843 279.435146 279.650497 279.868796 280.089920
4 2 226.556805 225.788496 225.018553 224.246895 223.473365
MIO_SHA 2 Spherical harmonic model of the daily geomagnetic variation at middle latitudes (Sq and low .
latitudes (EEJ)
Precise Orbit Determination SP3xCOM_2 time series of position and velocity of the center of mass of each satellite
ACCXCAL_2_ Accelerometer calibration parameters from the POD Process Exam ple Of ionos pheri c total electron co nte nt (TEC)
ACCxPOD_2_ | Time series of non-gravitational accelerations estimated by POD Filename SW_TEST_TECATMS_2F_20081119T000000_20081119T235959_0001.DBL
OS5: Magnetic Forcing of the ACCx_AE_2 Time series of calibrated and pre-processed accelerometer observations and of aerodynamic L : : :
N eslemtions Som Seallie & G o ©) Each processed GPS-Swarm satellite link is uniquely defined by one row of 18 variable arrays,
provided in CDF format
DNSxWND_2 time series of neutral thermospheric density and wind speed
Variable Description Unit Example
Timestamp Time stamp in UTC (cdfepoch) UTC | 19-Nov-2008 00:00:06
Latitude Geographic latitude degree 16.3335
Longitude Geographic longitude degree -18.7664
Cat-z P rOd UCtS Radius Geographic radius m 6697840.4999
. . . . GPS_Position X-,Y-,Z-coordinates (WGS84) of the GPS satellite m [26162272.8499;
Algorithms leading to Level-2 products with minimum delay, e.g. for—space ~5620247.17084;
44794.0304]
weather applications. Near real-time capability. All Cat-2 products are provided LEO Position | X-,¥-Z-coordinates (WGS84) of the LEO satellte m LoeoT80. 0000
= = = 1883619.9080
in CDF format. Algorithms designed by SCARF, dataprocessed by PDGS 7 T e : :
L1 GPS L1 carrier phase observation m -1893872.6910
Science Objective Name Description L2 GPS L2 carrier phase observation m -1893875.5805
) P1 GPS P1 code phase observation m 20508459.0015
P2 GPS P2 code phase observation m 20508461.8378
O4: External Current Systems IBIxT CAT-2: Ionospheric bubble index 9] GPS signal-to-noise ratio or raw signal strength on L1 _ 300
- - - - S2 GPS signal-to-noise ratio or raw signal strength on L2 - 501
W CAT-2: Time series of the ionospheric total electron content Absolute STEC | Absolute slant TEC TECU 8.0119
. . ; Relative STEC | Relative slant TEC TECU 27.5071
N _ -2 serTes-o-Held-aligned cu = :
s L0 CAT-2: Timese : ed currents STEC RMS Root mean square error of relative slant TEC TECU 0.3190
FACxTMS 2F CAT-2: Time series of field-aligned currents o DCB GPS receiver differential code bias TECU -14.6977
— DCB_Error Error of the GPS receiver differential code bias TECU 0.8100
EEFxTMS 2 CAT-2: Equatorial Electric Field T
Cat-1 Magnetic Data Processing Cat-1 Processing of POD and ThermosphericWinds  Cat-2 Data Processing
(performed by SCARF) (performed by SCARF) (performed at PDGS)
Ausxiliary Data [\ MAGx_LR_1B ' pae—— [ — ] [ TR ] [ e ] [ N AT ] (Auxiliary Data ) ( GPSx_RO_1B J ( MODx_SC_1B J ( EFix_PL_1B J ( MAGx_LR_1B }]J Auxiliary Models
AUX_IMF_2_ H— | A 18R 5 L= S AUX_IGR_2F
w2 | Tt { SOR2 ] ‘ J | [AUX_KP_Z_} \ — )
( ) AUX_COR_2F
S | Auxiliary Data — —
L — L = ¥ ¥ Y [ @ [AUX F10_2 } AUX_GPSEPH | ~ AUX_LIT 2F
) 0 T e : ¢ —— : —
AUX_DST 2_ T~ [ : d : : S 4 ) AUX_PMF_2F
oot fogtemen | e, 1 o || o S (GS GPS Ephemeris and EOP AUX.008_2F [1—» Sl
inversion Field Inversion Field Inversion Field Inversion Field Inversion St Gravity Field Model — . I-II-EI?Ct : 'B'h : . FAC Daytime AU BET S
AUX_F10_2_ [T < > P Ocean Tides Model Precise Orbit Thermospheric ° Zon;“n{” ] Bomple;'c ] F'%Id Al'gtned Eastward - )
P e e I *““\O?ﬁ _ ILRS Tracking Data Determination Windand |« AUX_KP__2F FORE TEEX HTERES Electric Field )
A B ) A 4 24A 1 4 & 2 A A AALA T A A (POD) Density - AUX_PSM_2F
AUX_OBS_2_ . cue e o B ¢ ( \ -
ocM_2_ > < AUX_DST_2F yy A -,
| — L ) > a ) _)\ Level 2 / Cat-1
— = i AU wF 27
Msw_EuLizc - modules _IMF_ _SHA_
) pomE— ] ] o }>J
MCO_SHAi2C IERS Polar Motion
[ ) oo Az ) — AUX_SWV_2F }’ -MCO_SHA_ZF
MLI_SHAi2C Q :) v v J N
) [ﬁMSW_IIEULiZD ) MMA_SHA_2F —[ MIO_SHAi2D ] . [:::naurjct::: ity |4 [ SP3xCOM_2_ ] [ ACCx_AE_2 ] [ MSIS ] AUX_F10_2F ' v - FACXTMS_2F -
: g etermination \ , ,ﬁ— TECxTMS_2F IBIXTMS_2F EEFXTMS_2F
MIO_SHAi2C C_) [ SP3xVAL_2_ ] > [DNSXWND B ] AUX_IRZ_2F
\—¢—’ [ACCxCAL 2 ] —= Q g, Level 2/ Cat-2
- . . . e — Earth Radiation M |
_ o a adiation Maps
- validation Ea [ ACCxPOD_2_ ] [ TDWxVAL_2_ ] Radiation Pressure Satellite Models
* A ) Satellite Model for Aero. Acc.
% N % % N N [ SP3xKIN_2_ ] @ [Processing Chain |
MSW_VAL_2_ MCO_VAL_Z_] MLI_VAL_2_ [MMA_VAL_Z_] Mlo_VAL_z_] MC1_VAL 2_ MC3_VAL 2_ \_ Y, (ARuxilary Product )
% N s s N ~ v - (Intermediate LevélData Product)
:MSW_EUL_ZC: :MCO_SHA_ZC] [MMA_SHA_ZC] :MIO_SHA_ZC] :MIN_1DM_2_: :MIN_SDM_ZaIb: [ Auxiliary Data]—> Processing cha-l—[ Auxiliary Modeﬂ E::ZZ .:::1 :::::,t %
MSW_EUL_2F | | MCO_SHA_2D [ ] MIO_SHA_2D MCR_1DM_2_ MCR_3DM_2_ $
_ J ] MLI_SHA_2E _ ] _ J J [ IntELnJ:;latej [ Levei2 J [ Levei2 J —» Data Flow
The Comprehensive Inversion Chain Test of the Comprehensive Inversion Chain
The Comprehensive Inversion takes Level-1b data (time series of magnetic field measurements) and ~ Simulation of the magnetic measurements of a full Swarm Mission by generation of synthetic L1b data
estimates simultaneously the following L2 products: using sophisticated input models (of the core, lithosphere, ionosphere, magnetosphere plus induced
contributions). The resulting L1b time series are subsequently inverted using the Comprehensive
-MCO: Corefield up to degree n =20, temporal resolution order-5 splines, 6 months knot separation Inversion scheme and the estimated models are compared to the input models.
- MLLI: Lithosphericfieldupton=150
-MIO: lonospheric field in quasi-dipole frame, up ton=60; m=12, Assessment of the lithospheric field
up to semi-annual and quarter-dally perIOdICIty’ 1 Degree Error at Ground Degree Correlation
induced contributions accounted for by pre-defined conductivity of 3D mantle + oceans N e e e T e 1V ’ | 7
-MMA: Magnetosphericfieldupton=3;m=1, e A ] 000l | |
induced field up to n,m =6 AR T
1-hour bins for coefficients with n=1, m=0; 6-hour bins for all other coefficents v ... // / 0.98 1
-MSW: Instrument alignment parameters (Eulerangles), 30 days bins
Legend Processing Blocks S S R SRR R N Y s SR 097+ -
(Level 1b Data Products ) o
0.96 i
(AuxiliaryDataProducts ) 100 | i é
................................................................................ e
(IntermediateLZProducts ) = ] % 095k ]
N ] é
I e S 2 S /A i o] S 0.94F .
MAGA LR 1B AUX DST 2 E&UX_CI_Z_ J E&UX_OBS_Z_ J Ocean conductance ‘ ‘ ‘ ‘ ‘ ‘ S
MAGB—LR_lB AUX_KP_Z_ . Lo\l aacaanonaas ............ .......... ............ B eoaocaano o ........... .......
(Q3p_Cli2_ ) model S P TR ARTY Coocroncnce: oomsmsasacafacacaccac: oo
+ : : : : : : : 092 |
Cl_Read_L1b_Write_ GUC: Cl_Make Q_Matrix: 107 Nk g.iglr;a' | ]
Data Selection, reformatting and merging Iteration Calculate Q-matrix NN Field + Gradient, Baseline || i |
with auxiliary data ;I[_,_ogp _____________________________________________ O\ N\ A e ana- S Field + Gradient, Extended |-
1 1 1 1 1 1 1 09 1 1 1 1 1 1 1
: Constraints 20 40 60 80 100 120 140 20 40 60 80 100 120 140
Cl_Data_Binning: <+ | _ ~ degree n _ _ _ degree n
Solit of data in ti bi I Magnetic vector data only (no explicit advantage taken of constellation aspect, data treated as three single satellites)
piit of data In lime bins g Model | Including East—_\/Ves_t grad_ient of B as measured by Iower_Swarm pair. |.e. explicit advantage of constellation aspect
* Qarameterisation : + cl g@r thiglgting: Extended mission: including data taken below 300 km altitude
i ] ompute Huber
_____—_C| Data_Gradient Conver.t. . : : l \ / Cl_Combine_Equations & weights and Field Only Field + Gradient, Baseline Field + Gradient, Extended
Combine Swarm A and B to gradient data * | ¢l Accumulate: Cl_Solve_Equations: accumulate ' ' ' ' ' ' ' ' ' ' ' ' y '
Y _ | Accumulation of | [ Combine and solve normal accordingly . . .
Cl_Data Euler Binning: p-( S-Make _Linear_ | | | normal equations equations 20f — | I
Split of data in Euler angle bins | ~ | |— | TTTT - &~—~———~——— D e e A
+ * * 40 40 40
! L
Cl_Read UMEQ_Write L2:
Local Temporary Mass Storage Convert from internal to SwarmLevel2Create: 60 1 60 1 60
Swarm Level 2 format Generate L2 Headers § o §
Comprehensive Inversion l ° ° °
100 100} .38 : {100}
McO sHAi2Cc | .
MLI_SHAi2C
MMA_SHAi2C 120 120 120 |
MIO SHAi2C ! g R
MSW EULi2C 140 F 140 F 140 £t A3 TR v
. — S 3 4 o |
-150 -150 -150
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