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Abstract. Analysis is made of the accuracy of magnetic- tion of photographic recording systenBr¢oke 1847, the
observatory hourly means constructed from definitive minuteproduction of hourly data became more automated. Today,
data having missing values (gaps). Bootstrap sampling fronformal hourly means are constructed by averaging digital
different data-gap distributions is used to estimate averageninute data. The advancement of data-acquisition technol-
errors on hourly means as a function of the number of miss-ogy has brought improved data quality and greater quantities
ing data. Absolute and relative error results are calculatedf data, but it has also introduced some difficulties. Digital
for horizontal-intensity, declination, and vertical-component systems sometimes give time series having artificial spikes
data collected at high, medium, and low magnetic latitudesand data dropouts, and with the desire on the part of obser-
For 90% complete coverage (10% missing data), averag®atory institutes to meet higher and higher operational stan-
(RMS) absolute errors on hourly means are generally lesslards, data judged to be defective or inadequate in some way
than errors permitted by Intermagnet for minute data. Asare often removed during computer-based processing. There-
a rule of thumb, the average relative error for hourly meansfore, the question arises: How many missing minute data
with 10% missing minute data is approximately equal to 10%might be tolerated before an hourly mean becomes unaccept-
of the hourly standard deviation of the source minute data. ably erroneous?

Keywords. Electromagnetics (Measurement and standards; OVer the past several years, a number of researchers have

Numerical methods; Instrumentation and techniques) investigated the accuracy of hourly means having missing
minute data Mandea 2002 Schott and Linthe2007, Her-

zog, 2009 Newitt, 2009 Hejda et al. 2009. The subject
has sparked spirited discussion at recent Intermagnet and
International Association of Geomagnetism and Aeronomy

Hourly data have been an important product of magnetic ob—(IAGA) meetings. Some observatory-institute representa-
jves have, at times, advocated a stringent rule of not permit-

servatories since the early 19th century. Their time series arg the repori ¢ an hourl o inute of
used for a wide variety of applications, including estimat- N9 reporting ot ah hourly mean It even one minu

ing long-term solar-terrestrial interaction (eSyalgaard and source data_ 'S MISSING. Other rgpresentatwes have advocated
Cliver, 2007, production of magnetic indices for monitoring a more fqrglvmg rule under which an hourly mean could be
the Earth’s magnetosphere (eMcPherron 1995, mapping reported if, for example, 90% (10%) of the minute data are
electric currentsin the Earth’sionospher;a (!Mn;:h 198)) present (missing). More qomplicated rules ha\_/e also bgen
exploring the electrical conductivity of the Earth’s mantle suggested, but so far, .few, if any, have .been PUt Into pI’E.;'lCtI.CG.
(e.g. Olsen 1998, and studying geomagnetic secular vari- At some observatories, workers avoid the issue of missing
ation originating in the Earth’s core (e gesur et al, 2008, minute data, to some g)_(tent, by backfilling With_ data taken
When the routine production of hourly data was first started,Tom redundant acquisition systems (e.g. p. Hithman

it was labor-intensive work, with direct measurements be-€t @, 2008. Workers at other observatories, preferring a

ing made visually by on-site workers. Then, with the inven- MO hands-off treatment of the data, simply report gaps as
they are. Of course, users of observatory data can, and of-

ten do, choose to fill data gaps according to phenomenolog-
Correspondence tal. J. Love ical models (e.gBarkhatov et a.2002), but what is accept-
BY (ilove@usgs.gov) able to one user might not be acceptable to another, and so
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Table 1. Summary of observatories and data used, 1991-2008.

Code Observatory Region Mag. Lat. Missing minutes (+Spikes)
H D VA

SOD  Sodank@ Finland 6303° 1 1 2
DRV  Dumont d'Urville  Antarctica —7447 191201 191403 193326
HAD Hartland Great Britain 530° 86 86 353
THY  Tihany Hungary 499 243181 243181 221719
HER Hermanus South Africa —33.98° 5468 5223 5638
HON  Honolulu Hawaii 2164° 166009 151314 135167

observatory institutes tend to avoid data manipulations thatWe use the (horizontal intensit§f, declinationD, vertical
might introduce bias. It is also worth recognizing that somecomponentZ) magnetic-vector ingredients; where these are
modern sensor systems have internal cyclings that result imeported, then we use them without any modification, oth-
momentary loss of temporal continuity; so, for example, theerwise, if and when cartesian horizontal components (north
one-second, absolute-vector sensoPafz et al.(2009 se- X, eastY) are reported, then we calculat®, H) appropri-
quentially combines 180 ms averages of magnetic signals evately. A simple algorithm is used to remove a few obvious
ery 200 ms — using what s, in effect, a 90% rule, albeit for thedata spikes and these are replaced by short data gaps. When
production of average data that correspond to a much highereferring to an observatory, we use its name, when referring
frequency than the hourly means considered here. In anyo data from the observatory, we use its IAGA-designated
case, the effect of missing data and their possible imputationthree letter code. The data were obtained from the Intermag-
on longer timescale averages needs to be investigated antet Kerridge 2001, Rasson2007) website and the Kyoto
understood. For general review of the statistics of data withworld Data Center website (for HER 1991-1992).
missing values selettle and Rubin(2002). For each observatory latitude-pair, one of (SOD, HAD,
In estimating the accuracy of hourly means, focus is madeHER) was picked because it has few missing data; the other
on (1) the number of missing minutes of data and the distri-of the latitude-pair (DRV, THY, HON) was picked because it
bution of data gaps within each hour, (2) the magnetic-vectohas relatively many missing datan Fig. 1 we show the cu-
component having missing data, and (3) the level of localmulative distributions of data gaps over time from observato-
magnetic activity and its dependence on observatory locaries having significant numbers of missing data (DRV, THY,
tion and solar-terrestrial conditions. In the search for use-HON). The data-gap histories reveal more or less continuous
ful insight, the effects of these several variables need to bdime series that are punctuated by occasional and intermittent
distilled down to a compact set of results. Lessons learnedlata gaps caused by operational difficulties. Obviously, these
can then contribute to the discussion of possible standards fdnistories are different at different observatories.
hourly means, and they might also be applied to the produc- In Fig. 2 we show the data-gap and data-sequence oc-
tion of other observatory data types, such as minute meansurrence statistics within each Universal-Time hour (00:00—
constructed from second samples, second means construct®0:59, 01:00-01:59, etc.). For an individual observatory, if
from sub-second samples, etc. Our hope is that knowledgeach hour of time has only one continuous data gap, then the
of the factors affecting data-product accuracy would informgap length and number of missing data will be identical, as
wise decisions that strike a balance between that which ighey nearly are for DRV and THY (a,b). Sometimes, how-
practical for the observatories to produce and that which isever, an individual hour will have multiple short gaps caus-
actually needed by the wider scientific community. ing the two distributions to be somewhat different, as they
are (slightly) for HON (c). Despite this mild qualification,
we can reasonably infer that most data gaps occur as contin-
2 Dataand gaps uous sequences of missing data. Figure 2 also reveals some

of the systematic ways in which some observatory data gaps

TEe data gsﬁd_ in tk:jis anall)llsis a(\jre sumn:jariéed in Table ;are realized. Note, for example, the tendency for HON data
They are definitive data collected at standard magnetic o gaps to occur in multiples of 12 min (c), or the tendency for

servatories love, .200& for thg years 1991_2008' The ob- stretches of THY data to occur in multiples of 10 min (e).
servatories are situated at high (SodaakOD, Dumont

d’Urville DRV), medium (Hartland HAD, Tihany THY), and IThis includes data from the Honolulu observatory, operated by
low (Hermanus HER, Honolulu HON) magnetic latitudes. the U.S. Geological Survey, where the author is employed.
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Fig. 1. Cumulative distribution of missing data for (DR¥, THY D, HON H) for the years 1991-2008.

With respect to the position of the missing data within eachif a 90% rule were adopted, then (49.71, 25.00, 184.96) days
hour, for DRV if only 1 min of data is missing, then this tends of hourly means would be accepted into the time series that
to occur relatively uniformly over the hour (g), but for THY otherwise, under the strictest criterion, would not have been
1 min of missing data tends to occur on minutes 10, 20, 30accepted. With (0.03%, 0.01%, 0.08%) of each time series
and 40 (h). If (say) 6 min of data are missing, then occur-missing in terms of minute data, (0.76%, 0.38%, 2.81%) of
rence is not uniform for any of the observatories (DRV, THY, the hourly time series are affected. For HON this represents
HON). Apparently, observatory data gaps occur in a varietyover 6 month’s worth of data! It is clear that a missing-data
of ways — in some respects, at some observatories, they occuule for calculating hourly means can have a dramatic impact
randomly, and in other respects, at some observatories, theyn the continuity of the hourly time series.

do not. This difficult fact needs to be accommodated in an

analysis of the accuracy of hourly means, otherwise biased

results might be obtained. 4 Absolute errors

Let ; By represent a minute mean of an arbitrary magnetic-
vector componentH, D, Z, etc), wherei denotes a specific
minute within hourk. An hourly meanu; is obtained by

It is important to consider the implications of establishing a SUmming over the minute data within each hour,
standard for hourly means formed from incomplete minute 1 &

data. If a strict standard were adopted, such as choosing(N) = %Z’ak,ﬂk, (1)
not to calculate a mean when even just one minute of data i=1

is missing, then every time an hour of observatory data i%here each of thé* is a binary (L or 0) variable. For each

missing one mmute, the 'result would be a 60-min gap in thehour, theN minute data used in constructing the hourly mean
hourly time series. This is an extreme and very obvious eXhavel o& with value 1. For each hour. the

ample, but itillustrates the trade-off between a stringent stan-
dard for constructing hourly means and the overall continuityM = 60— N (2)

of hourly-mean time series. In Fig. 3a we show cumulatlvemissing minute data have with value 0. IFN=60 (M =0),

;nr:zsi':g ;IQIUES)S calljsmalljIf;tri]vcetl?lr(])l?rfsr?r::Iggnrg;u:ﬁisssﬁﬁr r::il:_”then coverage is complete, no data are missing, no data have
P 9 been omitted, and a “perfect” hourly mean can be formed

ifici I 0,
utes. For specificity, Con_5|der the 90% r_ule, where hou.rlyusing all of the available minute data. On the other hand, if
means are not calculated if more than 6 min of data are miss, “ "
ing within an hour. For the 18-year time span consideredN<60 (#>0), then only an "erroneous” hourly mean can
for (DRV Z, THY D, HON H). there are a total of (3053, be formed from incomplete coverage. Since the issue we are

. . . i . addressing is errors on hourly means when data coverage is
m m 0, m
1253, 7502) missing minutes in hours having 10% (6 min) Or'ncomplete, we define the absolute error, very simply, as the

fewer missing data. This corresponds to (2.12, 0.87, 5.21).. .
o . . . ifference between the incomplete and complete means,
total days of missing minute data, and these missing minutes

fall within (1193, 600, 4439) separate hours. In other words,e; (N) = ui(N) — ux (60), (©)

3 Implications of possible standards

www.ann-geophys.net/27/3601/2009/ Ann. Geophys., 27, 338113-2009
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Fig. 2. Data-gap and data-sequence statis{iasc) Number of occurrences of data-gap length (blue) and missing minutes per hour (red) for
(DRV Z, THY D, HON H). (d—f) Number of occurrences of data-sequence length (blue) and minutes present per ho(g-{feepsition
of missing data within each hour; 1 missing minute in an hour (blue), 6 missing minutes (red), all missing minutes (black).

which we note is a function of the number of available dataing minute data within the hour — if the data are really miss-
N (missing datav) and the distribution of those data (gaps) ing, then they are gone forever. Therefore, in conducting
within the hour. numerical experiments in which EgB)(is to be estimated,

How might this measure of error be calculated? In a typ-It IS common to adopt a bootstrap approagtirgn, 1982

ical observatory minute time series there are usually periodg calculating incomplete meang (N) from complete data

of good data continuity, and there are also some periods Witljjhrough a statistical simulation in which gaps are artificially

data gaps that are caused by operational problems. As a rérjserted into the time series. But exactly how the gaps should

sult, most hourly means are complete(N=60), but a few be distributed has been something of an open question. Here,
are’incompleteuk(N<60). Of course. there is no way to W€ consider three different distributions of simulated gaps:

calculate a complete hourly mean (60) if there are miss- (1) binomial, (2) continuous-sequence, and (3) proxy. In

Ann. Geophys., 27, 3608610 2009 www.ann-geophys.net/27/3601/2009/
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N (M) an exhaustive tabulation-(L0'") is impossible, even

on a modern computer. Still, accurate average results can
be obtained from an unbiased random sampling of binomial-
distributed gaps and data. Root-mean-square average errors,
RMS{e}(N, B), where B denotes binomial sampling, are
plotted in Fig. 4 as a function of the number of missing data
M per hour. As expected, the greater the number of missing
data, the larger the average error on the hourly mean.

A simpler approach, and one which Fig. 2 demonstrates
is more realistic, is to choose missing data sequentially so
that they form long, continuous gaps in time having lengths
L ranging from 1 min up to 59 minandea2002. For a gap
ot L of length M within an hour, there ar&/+1 different possi-

— 103 ble positions within that hour that such a gap can be situated.
F (b) The!a* corresponding to th& missing minutes within each
gap are assigned the value 0, and ‘thfe corresponding to
the N data present are assigned the value 1. Assuming that
each gap position has equal probability of being realized, we
randomly sample from all possible continuous gaps across
the entire (SOD, HAD, HER) time series, and we calculate
their corresponding absolute errors using Ed3.ahd @).
RMS{e}(N, C), whereC denotes continuous-gap sampling,
are shown in Fig. 4. It noteworthy that these results are very
different from those obtained through binomial sampling. In
general,C sampling gives larger average errors tltaeam-
PR S T NS B SRR | pllng (Nertt, 2009
6 10 20 30 40 50 60 Another approach, one that we assert gives very realistic
Missing Minutes /' Hour results, is to take the data-gap histories (Fig. 1) from observa-
tory time series having relatively many missing data and ap-

. . . . ply those gap histories to time series that are relatively com-
H) and cumulative hourgb) with missing minutes, each as a func- . . .
tion of number of missing minutes per hour. The cumulative of the plete. So, for example, Wheneye]zcr there is a m'ss'”g minute
missing-minutes-per-hour density results shown in Fig. 2a—c. datum from Honolulu, where the" have value 0, we intro-
duce a simultaneous missing minute datum to the more con-
tinuous time series from Hermanus. With the combination of
addition, (4) we establish upper bounds on the errors orthe original and essentially continuous HER time series and
hourly means that can be realized from individual observa-the synthetic, gap-filled HER time series, we can calculate
tory time series. absolute proxy errors using Eg4) @nd @) for HER as if it
It is straightforward to devise a binomial-simulation algo- had data gaps like those found in HON. More generally, we
rithm (Herzog 2009. For each houk, N of ‘a* are selected  apply, respectively, the gap histories from (DRV, THY, HON)
randomly, independently, and without replacement. As a repto the time series from (SOD, HAD, HER), and we calculate
resentation of data present, these are assigned the value rhot-mean-square average errors, RM&V, P), where P
The M remaining’a* represent missing data, and these aredenotes proxy sampling. Results are shown in Fig. 4. In
assigned the value 0. This yields a distribution of data andeach case, the prox§ results are similar to the continuous
gaps within each hour that can be described in terms of bino€C results, apparently validating the continuous-sampling ap-
mial combinatorics. Using the observatory time series havproach.
ing relatively few actual gaps (SOD, HAD, HER), we cal-  Itis useful to put upper bounds on the absolute errors. For
culate absolute errors using Eq$) é&nd @) for numerous  every hour within each time series (SOD, HAD, HER), we
simulated realizations of binomial-distributed data and gapsrank the 60 individual residuals

102 L

10t |

100 |

Cumul. Missing Min. (days)

HON H |'

102 F

101 f

Cumul. Hours w/ Missing Min. (day

Fig. 3. Cumulative missing minutgg) for (DRV Z, THY D, HON

There are
60 60! 60! i8 = i Bx — nk(60). (5)
= = 4)
N (60— N)!N! M!N!

We assign 1 to thiz* for the N residuals that give the largest
different ways in whichV data (4 missing data) can be re- possible absolute errors for all combinations of minutasd
alized in this type of simulation. The number of possible for all hoursk over the entire duration of each time series
realizations can be extremely large — so large that for somé 991-2008; we assign O to all the remainfiag. In this

www.ann-geophys.net/27/3601/2009/ Ann. Geophys., 27, 338113-2009
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Fig. 4. Root-mean-square RMS and maximum MAX absolute error resuNy for (a—c) H, D, and Z magnetic-vector components for
high-latitude observatories SOD (DRY—f) medium-latitude observatories HAD (THY(g—i) low-latitude observatories HER (HON),
each as a function of number of missing d&a (B, C, P) denotes results for (binomial, continuous, proxy) gap distributions. No proxy
result is calculated when 3 or fewer proxy instances are available.

case it is possible to conduct an exhaustive search of the oldata must be those specific values that, when lost, have the
servatory time series. The maximum errors are designatedhaximum affect on the hourly mean. MAX should be inter-
MAX, and results are shown in Fig. 4. At first thought, read- preted as the worst case, a hard upper bound on any conceiv-
ers might consider the MAX results to be large — for the 90%able error on an hourly mean given many years of magnetic
rule, errors for high-latitudéf and Z exceed 100nT — but measurement at an observatory.

it should be recognized that the largest absolute errors oc-
cur during periods of extremely high magnetic-field activity,
when missing only a few minutes of data can have a signif-
icant affect on an hourly mean, and even then, the missin

Figure 4 shows us that average absolute errors and maxi-
mum absolute errors are diverse functions of magnetic-vector
component and observatory latitude. Therefore, in light of

Yhese results, it is not surprising that previous researchers

Ann. Geophys., 27, 3608610 2009 www.ann-geophys.net/27/3601/2009/
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Fig. 5. Root-mean-square RMS and maximum MAX relative error reggh for (a—c) H, D, andZ magnetic-vector components for high-
latitude observatories SOD (DRVJ—f) medium-latitude observatories HAD (THY(g—i) low-latitude observatories HER (HON), each as

a function of number of missing datd. (B, C, P) denotes results for (binomial, continuous, proxy) gap distributions. For comparison, fits
proportional toM andM1/2 are also shown. No proxy result is calculated when 3 or fewer proxy instances are available.

have found it difficult to draw general conclusions about how disturbed magnetic-activity levels. In this analysis we prefer
many missing data might be tolerated for routine productionto use a more direct measure of magnetic activity — the hourly
of meaningful hourly means (e.g. Schott and Linthe, 2006). standard deviation; of the minute data,

1 80 1 80
2 2 2
5 Relative errors op = %Ziak = &0 > {iBr — i (60))7. (6)
i=1 i=1

We next examine how error estimates are related to magneti(‘With this we define relative error as
field activity. In conducting their research on the errors on
hourly meansMandea(2002 andHerzog (2009 used the ex(N)

i i i i N) = , 7
K index to group results according to quiet, medium, and¢ o1 )

www.ann-geophys.net/27/3601/2009/ Ann. Geophys., 27, 338113-2009
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High Latitude Medium Latitude Low Latitude
1.0} (a) SOD (DRV) | L (d) HAD (THY) | (2) HER (HON)
T
o
S
S
>
=
2
©
Q
o
<
Y
0.9118 0.9506
1 L 1 L 1 L L 1 L 1 L 1 L L 1 L 1 L 1
1.0 (b) SOD (DRV) L (e) HAD (THY) | (h) HER (HON)
Q
[
S
S
>
=
a
©
Q
o
<
Y
0.6690 0.7773
1 L 1 L 1 L L 1 L 1 L 1 L L 1 L 1 L 1
1.0L (c) SOD (DRV) L (f) HAD (THY) | | (1) HER (HON)
N 0.8
[
S
06
5 0.
=
204
Q
o
<
A 0.2
00 0.3032 0.5202 0.8092
L 1 L 1 L 1 L L 1 L 1 L 1 L L 1 L 1 L 1 L
-0.4 -0.2 0.0 0.2 -0.4 -0.2 0.0 0.2 -0.4 -0.2 0.0 0.2 0.4
Relative Error e(N=54) Relative Error e(N=54) Relative Error e(N=54)

Fig. 6. Cumulative distributions of relative error results for the 90% (10%) rule with 6 missing min(t¥s;54), and comparison dis-
tributions for zero-mean normal (Gaussian) distributions having similar variancgs—orH, D, and Z magnetic-vector components for
high-latitude observatories SOD (DRY-f) medium-latitude observatories HAD (THY(g—i) low-latitude observatories HER (HON).
Also given, in each case, are the Kolmogorov-Smirnov probabilities of consistency.

which we note is dimensionless. In Fig. 5 we show RMS RMS{e}(N, C, P) ~ 0.017 x M, (8)

results, each for binomialB), continuous ), and proxy

(P) gap distributions, and in the same figure we also showand this relationship holds pretty well for all magnetic-vector

MAX {e} results. In contrast to our previous results for ab- components , D, Z) and all observatory latitudes. This

solute errors, the results for relative errors are much morescaling relationship breaks down for larig, but that is not

consistent across the variables of magnetic-vector compoef much importance since hourly means do not have much

nent and observatory latitude. The simplicity of Fig. 5 in- meaning when many minutes of data are missing. The situa-

dicates that general conclusions can be obtained. tion with B relative errors is very different. Here, a good fit
For just a few missing datd/ « 60, theC andP relative  is obtain by the power-law:

errors are reasonably well fitted by a simple linear propor-

tionality: RMS{e}(N, B) ~ 0.017x M?2. 9)

Ann. Geophys., 27, 3608610 2009 www.ann-geophys.net/27/3601/2009/
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Relative errors on means having binomial distributed datative accuracy and continuity are probably the most important
and gaps are, on average, a factond¥/? less than relative qualities a time series can have. We also know that some
errors on means having continuously distributed gaps. Withscientists investigating unusual signals will sometimes have
respect to the 90% rule, hourly means with 6 missing min-their own unique data requirements. It is difficult for a data
utes are typically erroneous by about 10%wo0pf assuming  provider to satisfy every data user. Scientists having spe-
that gaps are well approximated byCadistribution. If data  cific and stringent requirements, can, if they choose, con-
and gaps ar® distributed (something, we emphasize, would struct their own hourly means from the source minute data.
be unusual), then the typical 90%-rule error is smaller, abouBut data centers will probably want to continue to provide
4% of oy. hourly means as a convenient service to the scientific com-
The distributions of theP relative errors ) for the 90%  munity, and this will almost certainly require some degree of
rule with 6 missing minutes;(N=54) are shown in Fig. 6. compromise on standards. We hope that any adopted stan-
They compare favorably with zero-mean normal (Gaussianyards will be simple and well-documented.
distributions having similar variances. While we find this in-  Of course, hourly means can be erroneous for many rea-
teresting, other than appealing to the central-limit theoremsons, not just because they might have been formed from in-
(e.g.Bulmer, 1979, we do not have any a priori reason to complete minute data. The source minute data might have
expect relative errors to be normally distributed. Indeed,been collected from a faulty magnetometer, or the obser-
Kolmogorov-Smirnov testsRress et al.1992 show prob-  vatory site might have been magnetically-contaminated in
abilities for consistency ranging from 0.2849 to 0.9506. A some way. A stringent standard on the construction of hourly
high (low) probability indicates that the true underlying dis- means from incomplete minute data will not fix such prob-
tribution is consistent with (different from) the data. Where lems. The occasional isolated erroneous hourly mean can
the probability is low, the difference might be very slight, and often be identified in an observatory time series as a spike,
in this respect statistical tests of significance do not provideand it is normal practice to remove spikes, either by directly
useful guidance. From our perspective, what is important isediting a data file or by using a simple computer algorithm.
the visually-obvious fact that the relative errors are very closeProlonged periods of problematic data are usually manifest
to be normally distributed. Therefore, their dispersions haveas either anomalous statistical jitter — “noise” — or periods
a straightforward interpretation, with about 68% of the errorsof obvious bias. These problems can be identified through
being smaller than the quoted RMS values. inter-comparison of data from different observatories. We
are reminded that users of data need to inspect the data that
they use, even if the data have already been declared to meet
6 Discussion an established standard. And everyone needs to appreciate
the obvious: although we might strive for perfection, in the
In terms of current Intermagnet standards, definitive minuteend, it is impossible to attain.
data are supposed to have an accuracy of better than 5nT.
This is usually interpreted in an average sense as applyingcknowledgementsThe results presented in this paper rely on

to data collected over a period of about a year aIthougI‘P'ata collected at the Dumont d'Urville, Hartland, Hermanus, Hon-

some clarification on the part of Intermagnet would be use-2'ul¥. Sodanky, and Tihany observatories. We thank the Ecole
t Observatoire des Sciences de la Terre (France), the British Ge-
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. . . ) Gfon (South Africa), the University of Oulu (Finland), and the
minute data. For the time series considered h_ere, as5nT levelsios Loand Geophysical Institute (Hungary) for supporting the
of accuracy would be satisfied, on average, if the 90% rulegperation of their observatories. We acknowledge Intermagnet
were to be adopted (Fig. 4). These results are encouragingwww.intermagnet.orgfor facilitating the dissemination of mag-
since they appear to permit a reasonable tolerance for missietic observatory data and for promoting high standards of mag-
ing data, but we acknowledge that during magnetically-activenetic observatory practice. We thank the Kyoto World Data Center
periods the errors will be larger. For this reason we have alsdor archiving observatory data and making them readily available to
presented results in terms of relative errors (Fig. 5). Therehe scientific community. This work and the present operation of the
are no corresponding Intermagnet standards for such “signaffonolulu observatory are supported by the USGS Geomagnetism
to-noise” measures, but they might be worthy of specifica-"rogram. We thank C. A. Finn, J. L. Gannon, D. E. McNamara,
tion, since some observatory hourly means constructed frorﬁmOI Anonymous for reviewing a draft manuscript.
minute data having gaps can apparently have low absolut% .Toplcall Editor M.' Plnqock thanks J. Rasson and J. J. Schott for

. . eir help in evaluating this paper.

accuracy but high relative accuracy.

Generally speaking, for scientists investigating long-term
trends, such as secular variation, good long-term absolute ac-
curacy of observatory hourly means is important, and com-
plete temporal continuity is probably less important. On the
other hand, for scientists investigating magnetic storms, rela-
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