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1. Summary 3. Quality of Observatory Data

The ESA Swarm mission will measure magnetic signals from all sources of the geomagnetic - To ?_itd quali:]y QonltLol of global %b?ervatgry_data Qrigr tc:hjoitnt analylsgs wi:_h IL?jwamr_l data,
field with unprecedented accuracy. The scientific use of Swarm data is greatly enhanced when mistits ot spherical harmonic models can be inspected in the tlemporal & spatial domains.
used in combination with observatory data and indices and this has increased interest in ~ This pre-processing and modelling removes all signals that can be modelled, except at high

db d ts A rtofthe S 1 1-2 dat tivit | : | " latitudes, and the misfits represent measurement artefacts onthe 0-10 nT scale.
ground based measurements. As part orthe owarm Level-2 data aClivilies, plans are in place 1o — Tests using hourly mean data from observatories in geomagnetic latitude range 53-64° and

distribute such data along \_/vith fche sat_ellit_e data [1]. Here, we also discuss how observatory spanning 1998-2012 (contemporary with the @rsted and CHAMP satellite m.ss.ons)
data can be used for the Calibration/Validation of Swarm. resulted in misfits in the T TR T T
geomagnetic south 2ol WL
component shown right SOD3 I | f
(ordered by geomagnetic LYCO | | R mw‘“

2. Timeliness of observatory data afitude) M, Attt

. . . . - High quality data is MEAO! ﬁ"".l‘”ﬂ lhrm\mm
- Every 3 months during the whole of the Swarm mission we aim to update files of observatory hourly mean values. reflected by values being: | 5 T

— During the first 6 months of the mission we aim to update files of observatory a) Close to zero (more so UPSO;

minute mean values to provide independent data for ground-truthing . LOVO ¢ I*W'I\M '“ -
purposes. the lower the latitude), NURO:! MM"WWW \liﬁl i o

— Advantage is taken of INTERMAGNET and other efforts in Norway, 5 2 gligccgiﬁi:;;ibelg present E'Srﬁ A MW M MWM W MM‘WMW“ "‘"’W #

France & UK to improve the timeliness of quasi-definitive (QD) _ VALO ! _ Ao
observatory data. c) Coherentwith — s
- QD data aims to be within 5 nT of definitive data (averaging on a Igaerorenagnetlc latitude it ,E,EVTV%MW M.\ A, ’“‘N W A W‘"’“" i W Il
monthly basis) and available within 3 months of measurement. The J9e- SHUO ' W | ’ ’? W Y P
map shows the observatories producing such data as of August - Observatory data series can | WNGO — ' : '

2013. If your observatory is currently not contributing to this effort be iteratively split and poor VICO Wi ||||IIHI|HI
but is able to, you can either: quality data excluded to HADO -pesyreen g

(1) starttransmitting QD dataifyou arein INTERMAGNET achieve this. B OXG

i . ] _ ~170 currently operating observatories
(2) contact Susan Macmillan to set up a direct data link with BGS. © 63 producing quasi-definitive data: 2013 — See Poster 5.2-42p for more

details
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4. Ground-truthing Swarm data for Cal/Val?

— The Calibration/Validation (Cal/Val) period, forming the first 3 - The following method will be applied to each satellite during
months of the Swarm mission, will be used to confirm the  Cal/Val. We will look at how the global results :

instruments are operating as expected. a)vary between satellites - S\Tf)gifeiarfafégrgy 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
- Can Swarm measurements be ground-truthed with QD b) compare with the results obtained when a similar approach CHAMP over ESK = 200~ - ' | ' '

. o _ L | ; | .
observatory data to aid the Cal/Val effort: has been applied to CHAMP data. observatory 05”@)'“%”;!'4’vd?w;(mwkétuwrm‘mﬂwﬁwﬂ?ﬁ“ﬁ -------

between 2001-2011.

CHAMP second
data used to

- Radial distance from each - Number of passes in 3 months For satellite during pass: calculate normalised

observatory, r,,, defined at depends on observatory latitude, | | caicylate & remove along-track core field B,,, for each pass.

Earth’s surface F gis and pOSitiOn of satellite orbital contribution to data. Definitive minute-
- Catchment region defined at insertion. B.. = resulting mean satellite B, mean data used to 0
satellite altitude using simple - Range of expected number of calculate normalised
conical angular projection passes shown below in: _ B.,. for each pass.— __
- r,. = 120km balances number of BLUE= either lower satellite For observatory during pass:
passes in 3 months with within catchment region Obtain QD minute mean during closest ; L ; ; ; ;
maximum distance from ORANGE= both lower satellites | | approach to observatory. Seen more clearly R SRS I U U P ST NP DO Os B N
observatory within catchment region Calculate & remove core field contribution. when comparing 2%01 2002 2003 2004 2005 2006 2007 2008 2009 2010
B, = resulting mean observatory B, ndividual passes. ——= 4, 0 2004." 200?* 2004.3 2004.4 2004.5
Similar results found 20 S S S W S S S

for >100 0
For ALL passes over 1 observatory: observatories. 20

. Group all B, ; Group all B,,, -40

sat

. Calculate mean, X, and standard between B_,_ and 280
deviation, , of each group. B_ for CHAMP at 260

sat
. Normalise each individual B, or B 240

by o all local times and
. Calculate absolute difference between

at different 1
normalised B, and B,,, |Ao,| for each disturbance 0.5
pass,
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|Ac,| generally <0.5.4 & °
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) o ,.,,,-,.,;@"f for Swarm, but | 2004.0 2004.1 2004.2 2004.3 2004.4 2004.5
| — difficult to predict

90 60 -30 0 30 60 90 ' how QD data ESK |Ag,|frequency <0.5 <1.0 | <2.0 | =2.0
: o miqght compare.
Latitude (°) 9 P % of 2001-2011 passes | 948 | 98.9 | 996 | 04

Expected number of passes in 3 months as

a function of observato

6. Normalised frequency distribution of |Ac |

- The Cal/Val period of Swarm is only 3 months; Wider range of |Ao.| encountered for observatories Observatories at high |B,| locations tend toward lower |Ac,| = improved
compared with the full 2001-2011 period analysed in in low |B,| locations = less satellite observatory agreement agreement between satellite and observatory measurements

Box 5, there are far fewer passes for analysis and a 100

greater chance of unrepresentative |Ao,| results.

— Using the minute-mean data for >100 observatories
and CHAMP passes between 2001-2011 the
normalised frequency distribution of |Ag,| is shown

here when:

a) all passes 2001-2011 are analysed toegther;
b) for 3-months beginning 2009.0;
c) for 3-months beginning 2009.75.

— There is a general trend in normalised |Ao,|frequency
distribution with observatory |B,| when 2001-2011
period considered.

— Less clear trend in frequency distribution when

considering limited number of months and distinct
variation seen between different 3-month periods.
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CONCLUSIONS: Ground-truthing is possible and over 3 months it will be useful to look for spurious |Ac, |
pass signals at individual observatories. A rough global correlation between the normalised |Ac |
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distribution and |B,| is also expected. Over a longer period the observatory data may be useful for
detecting and long-term drifts in the Swarm data.
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