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1 Introduction
1.1 Scope and applicability
This document is a technical note and is provided in response to JIRA AI-319 raised during an ESL
Coordination Meeting, to provide a note summarizing the content (and limitations) of the error estimates
provided in Level 1b Swarm Magnetic data products, as a guide for users.

2 Applicable and Reference Documentation
2.1 Applicable Documents
[AD-1]

SW-RS-DSC-SY-0002 Swarm Level 1b Processor Algorithms

2.2 Reference Documents
None.

2.3 Abbreviations
Acronym
or abbreviation

Description

ASM

Absolute Scalar Magnetometer

CCDB

Characterisation and Calibration DataBase

DISC

(Swarm) Data, Science, and Innovation Cluster

DTU

Technical University of Denmark, DK

ESA

European Space Agency

ESL

Swarm Expert Support Laboratories

JIRA

Atlassian JIRA internet based tool for tracking issues with server located at DTU
https://jira.spacecenter.dk/

L1b

Level 1b (satellite data)

NEC

North-East-Centre reference frame

Swarm

Constellation of 3 ESA satellites,
http://www.esa.int/esaLP/ESA3QZJE43D_LPswarm_0.html

VFM

Vector Field Magnetometer
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3 Description of error estimates for Level 1b magnetic products
3.1 Background
Swarm Level 1b magnetic data products MAGX_LR_1B for the vector and scalar fields are provided along
with error estimates known respectively as Berror and Ferror that are described in detail in the [AD-1]. In this
technical note, in an effort to assist users, a brief summary is given of the content of Berror and Ferror , and
underlying assumptions and limitations in practical use (a `healthy warning’) are discussed.

3.2 Berror
According to the [AD-1] Eq. (6.3-410), the error estimate provided for the BVFM 1 Hz product is defined as

æåB
ö
VFM,err i
ç
÷ + se 2i
B error =
i
ç
÷
n
è
ø
2

It involves for each component adding in quadrature the mean of n samples of the estimated errors on the
50Hz VFM data (BVFM,err), and the standard error estimate se obtained during a (robust) Chebyshev polynomial fit that is carried out to the 50Hz data in order to derive the 1Hz data product. se is computed via a
bootstrap method whereby one imagines that the polynomial fit to the 50Hz data is correct, then generates
sets of pseudo-data drawing, with replacement, from the residuals then fitting the resulting pseudo-data by
the same procedure, then finally taking the standard deviation of the fitted values.
Note that it is the standard error in the polynomial fit that causes the error estimates for the 1Hz vector
data product to be larger than those for the 50Hz vector data product.
Regarding the estimated error on the 50Hz data, BVFM,err (denoted B_error in the MAGX_HR_1B product),
following Eq. (6.3-400) in the [AD-1], we have
VFM err i +
2

B VFM,err =
i

( DBi CCDB.Bus.ErrorVFM )

2

+

DBerr i +
2

2

TCF.VFM output or init .rms2

Initially, VFMerr = (0.03, 0.03, 0.03) nT, is a measure of the VFM instrument noise. Then for samples flagged
as suspicious (extremely rare) the 50Hz error is increased according to

VFM new
VFM 2k,err
+ DVFM 2k
k,err =
where ΔVFM = VFMj - (VFMj-1 + (VFMj+1 - VFMj-1) (tj - tj-1) / (tj+1 - tj-1))
ΔBi CCDB.Bus.ErrorVFM is the estimated error in the stray field determination, ΔBerr reflects missing telemetry required to compute ΔB (it grows from 0 where all telemetry is availablepiecewise linearly up to a maximum ΔB). Finally, TCF.VFMoutput or init.rms is the weighted rms scalar residual (or a default of 300 pT). Note
the division by 2 in the denominator that accounts for the fact that TCF.VFMoutput or init.rms in principle duplicates the error from other 3 sources.
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Examples of the Huber-weighted mean values of 1Hz Berror , from November 2013 to December 2015, for
the three NEC components are presented in Figure 3-1 below for different magnetic local times. The values
of Berror are typically less than 0.25nT, except at polar latitudes. At polar latitudes, especially the N and E
components are expected to be influenced by field aligned currents, that may exhibit variability over very
short time scales, which will contribute to Berror via se due to greater variability in the Chebyshev polynomial fits under such conditions.
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Figure 3-1: Huber weighted mean values for Berror
As a function of quasi-dipole (QD) latitude. Left: Northward component, Middle: Eastward component.
Right: Downward component. Colours show different magnetic local times.

3.3 Ferror
Ferror, is derived from a weighted sum of the error estimates from the four nearest 1 Hz samples (indices j)
of the ASM, see [AD-1], Eqns (6.2.30) – (6.2.60):

Ferror

å F wt
=b
å wt
(5)
j,err

j

j

with β = max(1, 5/Σwtj) being an uncertainty increase factor due to missing ASM samples
and wtj = 1/(|t-tj| + 10-3) with 5 being the nominal value of Σwtj.
(5)

(4)

In the error Ferr = √(Ferr )2 + (F (4) − 𝑓)2 f is a smoothing cubic B-spline fit to F(4) which are the fully calibrated and corrected ASM measurements. F(4)err are the data uncertainties defined from an initial instrument error estimate, F(1)err that is set to 10 pT then supplemented according to
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F(2)j,err = √(F(1)j,err2 + ΔFj2)

where ΔFj = Fj - (Fj-1 + (Fj+1 - Fj-1) (tj - tj-1) / (tj+1 - tj-1)) and
(3)

(2)

Ferr = √(Ferr )2 + (ε + κ)2
where ε is the uncertainty of estimated total field disturbance due to stray (spacecraft) fields at the ASM
sensor filtered according to the ASM intrinsic filter, and κ is the estimated error in the total stray field due
to missing telemetry. Finally, F(4)err = F(3)err since the error estimate is simply propagated without change
considering ASM processing step 4, the filter group delay.
Huber-weighted mean values of Ferror , from Nov to Dec 2013, as a function of QD latitude are presented in
Figure 3-2 below. Ferror is found to be rather small (less than 0.1 nT), reflecting the consistency of nearby
ASM measurements, but largest at QD latitudes between 20 and 30 deg.

Figure 3-2: Huber weighted mean values for Ferror
As a function of quasi-dipole (QD) latitude. Colours show different magnetic local times.

3.4

Underlying assumptions and a health warning

Berror and Ferror are provided as errors of commissioning, since the L1b magnetic data products are
inevitably imperfect with respect to their definitions. Berror and Ferror aim to quantify this discrepancy based
on known sources of errors (as discussed above due to instrument errors, uncertainties in stray field
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corrections, errors due to missing telemetry, errors due to estimating 1Hz samples by fitting 50Hz samples
in the presence of noise etc.).

Implicit in the derivation of Berror and Ferror is the use of the (sometimes weighted) rms as a statistical
measure of dispersion, and the adding in quadrature of the various error sources. Formally this requires:




Independent, identically distributed, errors
Error distributions that are well described by a normal (or Huber) distribution

In practice, these conditions may not always be fulfilled.

Furthermore, although the 1Hz and 50Hz data products are usually thought of as instantaneous
measurements they are actually filtered versions of the true signal. In the case of 1Hz VFM data, the
filtering includes the fitting of a Chebyshev polynomial to the 50Hz data, over an interval (typically 1
second) and then evaluating the polynomial at the target time. The higher frequency part of the signal is
lost in this procedure, so the 1Hz data product is a weighted time-average rather than a truly instantaneous
sample.

The provided Berror and Ferror are in practice MUCH SMALLER than the error estimates that users typically
need to employ when using the data for specific applications.

This is because specific applications often deal only with particular sources of interest (e.g. the internal
field, the external disturbance field etc.), with remaining sources either (imperfectly) removed, or simply
regarded as noise. Error budgets in most applications using magnetic field data products are thus
dominated by the errors that are not included in the estimates Berror and Ferror.

For example, users building geomagnetic field models are typically able to fit Swarm data to a level of about
2nT (for quiet-time, dark conditions at non-polar latitudes). This is typically more than ten times larger
than either Berror or Ferror. The difference is mostly due to natural sources not included or poorly represented
by the field models. Another example is users studying FAC’s. In this case, a baseline (for example an
internal field model) must be removed in an attempt to isolate the signature of the external currents of
interest. The error in the removed baseline is likely to greatly exceed Berror and Ferror.

Users are therefore advised not to blindly use Berror and Ferror as catch-all generic error estimates in their
particular applications. They may however prove very useful as input to the total error considered by
users, when combined with estimates of the contributions from unmodelled sources.
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4 Summary


Ferror and Berror provide useful information on the quality of the magnetic data products and on
engineering performance.



Berror is lower for the 50 Hz data product than for the 1Hz data due to the additional error
associated with fitting a polynomial each second to produce 1Hz data. The 1Hz data products is not
simply the mean of 50 independent samples.



Ferror and Berror should not be considered as simple catch-all error estimates. In many scientific
applications they will be dominated in the error budget by contributions from other unmodelled
sources.
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