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1. Introduction

Eskdalemuir o bservatoryi so neo f three
geomagnetic observatories in the UK operated and
maintained by the British Geological Survey (BGS).

This bulletin is published to provide rapid access to
the provisional g eomagnetic o bservatory results.
The information is freely available for personal,
academic, educational and non-commercial research
or use. Magnetic observatory data are presented as a
series of pl ots of one-minute, hour ly a nd da ily
values, followed by tabulations of monthly values,
reports of rapid variations and geomagnetic activity
indices. T he ope ration of t he observatory and
presentation of data are described in the rest of this
section.

Enquiries about the data should be addressed to:

Geomagnetism Team
Earth Hazards and Systems
British Geological Survey
Murchison House, West Mains Road
Edinburgh EH9 3LA
Scotland, UK

Tel: +44 (0) 131 667 1000
Fax: +44 (0) 131 650 0265
E-mail: enquiries@bgs.ac.uk

Internet: www.geomag.bgs.ac.uk

2. Position

The observatory is situated on a rising shoulder of
open moorland in the upper part of the valley of
the White Esk River in the S outhern U plands of
Scotland. The observatory co-ordinates are:

Geographic:  55.317 °N 356.800 °E
Geomagnetic: 57.662°N 83.747°E
Height above mean sea level: 245 m

The g eomagnetic co -ordinates a re a pproximations,
calculated us ing t he 11t h g eneration International
Geomagnetic R eference F ield ( IGRF) at epoch
2011.5. On-line access to models (including IGRF),
charts and navigational dataar eav ailable at
www.geomag.bgs.ac.uk/data_service/models comp
ass/home

3. The Observatory Operation

3.1 GDAS
The obs ervatory operates under the control of the
Geomagnetic Data Acquisition System (GDAS),

which w as de veloped by B GS s taff, i nstalled i n
2002, a nd be came f ully ope rational in January
2003. T he da ta a cquisition s oftware, r unning on
QNX operated computers, controls the data logging
and the communications.

There ar e t wo set s o f sen sors u sed for making
magnetic m easurements. A tri-axial | inear-core
fluxgate magnetometer, m anufactured by t he
Danish Meteorological Institute, is used to measure
the variations in the horizontal (H) and vertical (Z)
components of the field. T het hirds ensori s
oriented perpendicular to these, and measures
variations, which are proportional to the changes in
declination ( D). Measurements are made at a rate
of 1 Hz.

In addition to the fluxgate sensors there is a proton
precessionm  agnetometer (  PPM)  making
measurements o 't he ab solute total field intensity
(F) at arate of 0.1Hz.

The raw unfiltered data are retrieved automatically
via I nternet ¢ onnectionst ot he B GS of ficei n
Edinburgh in near real-time. The fluxgate data are
filtered t o pr oduce one -minute values using a 61 -
point cosine filter a nd th e to tal f ield in tensity
samples ar e filtered usinga 7 -point c osine filter.
The one -minute v alues provide input for various
data products, available on-line at
www.geomag.bgs.ac.uk/data_service/home

3.2 Back-up Systems

There are two other fully independent identical
systems, GDAS 2 and G DAS 3, ope ratingatthe
observatory. T heda taf rom thesear eal so
processed i n n ear r eal-time a nd us ed for quality
control pur poses. T heyarealsousedto fill any
gaps or replace any corrupt values in the primary
system, GDAS 1.

3.3 Absolute Observations

The GDAS fluxgate magnetometers accu rately
measure v ariationsi nt he ¢ omponents of the
geomagnetic field, but not the absolute magnitudes.
Two sets of absolute measurements of the field are
made manually once per week. A fluxgate sen sor
mounted on a theodolite is used to determine D and
inclination ( I); the GDAS P PM measurements,
with a site difference correction applied, are used
for F. The a bsolute obs ervationsa reus edi n
conjunction witht heG DASv ariometer
measurements t o pr oduce a c ontinuous r ecord of
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the ab solute v alues o ft he geomagnetic field
elements as if they had b een m easured at t he
observatory reference pillar.

4. Observatory Results

The data presented in the bulletin are in the form of
plots a nd t abulations described i nt he f ollowing
sections.

4.1 Absolute Observations

The absolute observation measurements m ade
during the month are tabulated. A lso included are
the corresponding baseline v alues, w hich ar e t he
differences b etween t he ab solute measurements
and the variometer measurements of D, H and Z (in
the sen se ab solute—variometer). T hese ar e al so
plotted (markers) alongw itht hede rived
preliminary daily baseline values (line) throughout
the year. Daily meand ifferences b etweent he
measured absolute F and the F computed from the
baseline corrected H and Z values are plotted in the
fourth panel (in the sense measured—derived). The
bottom panel shows the daily mean temperature in
the fluxgate chamber.

4.2 Summary magnetograms

Small-scale magnetograms are plotted which allow
the month's data to be viewed at a glance. They are
plotted 16 days to a page and show the one-minute
variations in D, H and Z. The scales are shown on
the right-hand side of the page. On disturbed days
the scal es ar e m ultiplied b ya factor, which is
indicated abovet hepa nelf ort hatda y. T he
variations are centred on the monthly mean value,
shown on the left side of the page.

4.3 Magnetograms

The daily magnetograms are plotted using one-
minute v alues of D, H and Z from the fluxgate
sensors, with any gaps filled using b ack-up da ta.
The magnetograms are plotted to a v ariable scale;
scale bars are shown to the right of each plot. The
absolute 1 evel ( them onthlym eanv alue)i s
indicated on the left side of the plots.

4.4 Hourly Mean Value Plots

Hourly mean values of D, H and Z for the past 12
monthsa repl ottedi n27 -days egments
corresponding to the Bartels solar rotation number.
Magnetic d isturbances asso ciated w ith act ive
regions and/or coronal holes on the Sun may recur
after 27 days: the same is true for geomagnetically
quiet intervals. Plotting thed ata in this way
highlights t his r ecurrence. D iurnal v ariations are
also clear in these plots and the amplitude changes

throughout the year highlight the seasonal changes.
Longer term secular variation is also illustrated.

Full lists oft he U K obs ervatory hour ly m ean
values from 1983 to the present day are available at
www.geomag.bgs.ac.uk/data_service/data/obs data

/hourly_means

4.5 Daily and Monthly Mean Values

Daily mean values of D, H, Z and F are pl otted
throughout the year. In addition, a table of monthly
mean values of al It he g eomagnetic elements is
provided. These valuesde pendona ccurate
specification of the fluxgate sensor baselines. Itis
anticipated that these provisional values will not be
altered by more than af ewnT or t enthsof
arcminutes before being made definitive at the end
of the year.

4.6 Rapid Variations

Charged particles stream from the Sun in the solar
wind. T hes olarw ind interacts with the
geomagnetic f ieldt ocr eateacav ity,t he
magnetosphere, inw hicht he f ieldi s c onfined.
When a region of enhanced velocity and/or density
in the solar wind arrives at the dayside boundary of
the m agnetosphere ( at a bout 10 e arth r adii) the
boundary is pushed towards the Earth. Currents set
up on the boundary of the magnetosphere can cause
an abruptc hangei nt heg eomagnetic f ield
measured ont he ground and this is recorded on
observatory m agnetograms as a su dden i mpulse
(si). 11, followingan si, thereisach angein the
rhythm of activity, the i is termed a storm sudden
commencement ( SSC). A cl assical m agnetic st orm
exhibiting initial, main and recovery phases (shown
by, for instance, the Dst ring current index) c an
often occur after a ssc, in which case t he start of
the storm is taken as the time of the ssc.

Solar f lares, seen at o ptical w avelengths as a
sudden brightening of a small region of the Sun's
surface, ar e al so r esponsible f or i ncreased X -ray
emissions. These X-rays cause increased ionisation
int he i onosphere, which leadst o a bsorption of
short-wave radio signals. A solar flare effect (sfe),
or "crochet", may be observed on a magnetogram
during g eomagnetically q uiettim es.I t is a
relatively sh ort-term change ( tens o f m inutes) t o
the normal diurnal v ariation and can vary in size
(tens of nT ) dependingonl ocalt ime( LT),
geomagnetic latitude and solar zenith angle.
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4.7 Local geomagnetic activity indices

The Observatory K index. T his su mmarises
geomagnetic activity at an observatory by assigning
acode, an integer in therangeOto9,toeach3-
hour Universal Time (UT) interval. T he index for
each 3 -hour UT interval is de termined fromt he
maximumr ange in H or D (scaled innT), with
allowance m ade f ort her egular ( undisturbed)
diurnal variation. The conversion from range to an
index value is madeu singa quasi-logarithmic
scale, witht he scal e v alues d ependento nt he
geomagnetic latitude of the observatory. The lower
bounds (in nT) for the classification of each period
at Eskdalemuir are:

0] 1 2 3 4 5 6 7 8 9

0] 8 15 | 30 | 60 | 105 | 180 | 300 | 500 [ 750

The K indexr etainst he L T and seasonal
dependence of activity associated with the position
of the observatory. The 3-hourly K indices for the
month aret abulated andal sop lotted as a
histogram. All U K obs ervatory K indices are
available at
www.geomag.bgs.ac.uk/data_service/data/magneti
c_indices/k indices

4.8 Global geomagnetic activity indices

The aa index. A num ber of 3 -hour g eomagnetic
indices are computed by combining K indices from
networks of observatories to characterise global
activity 1 evels an d t o el iminate L T an d seaso nal
effects. T he si mplesto ftheseisthe aa index,
computed using the K indices from two
approximately antipodal observatories: Hartland in
the UK and Canberra in Australia. The aa index is
calculated from linearisations o f the Hartland and
Canberra K indices, and has units of nT. T he 3-
hourly aa indices are tabulated along with the daily
mean value of aa (denoted Aa), the mean values of
aa for the intervals 00-12UT (Aayy) and 12-24UT
(Aayn) and the monthly mean value. The 3 -hourly
aa indices for the month are also plotted as a
histogram.

Although the aa index is based on da ta from only
two observatories, provided averages over 12 hours
or longer are used, the index is strongly correlated
withth e ap and am indices, which ar e d erived
usingd ataf romm oreex tensive observatory
networks.

The aa indices listed in this bulletin are available at
www.geomag.bgs.ac.uk/data service/data/magneti
¢ indices/aaindex as well as t he full data set from
1868.

Definitive aa are publ ished by t he International
Service for Geomagnetic I ndices, LATMOS, 4
Avenue de N eptune, F-94107 S aint M aur C edex,
France.

5. Conditions of Use

The data presented in this bulletin are provided for
personal, a cademic, e ducational, non -commercial
research or other non-commercial use and are not
for sale or di stribution to th ird p arties w ithout
written permission from BGS.

Reproduction of any part of this bulletin should be
accompanied by the statement: 'Reproduced w ith
the permission of t he B ritish G eological S urvey
©ONERC. All rights Reserved'. Publications making
use of the data should include an acknowledgment
statement of the form: ‘The results presented in this
paperrelyonthedata collected at Eskdalemuir
magnetic o bservatory, ope rated by the B ritish
Geological Survey.’

Commercial u sers can co ntact t he geomagnetism
team for information on t he range of applications
and ser vices o ffered. F ull co ntactd etails are
available at www.geomag.bgs.ac.uk/contactus/staff

This product includes mapping data licensed from Ordnance Survey with the permission of

HMSO © Crown copyright. All rights reserved.

Licence Number: 100017897/2011

© NERC 2011. All rights reserved

Edinburgh

British Geological Survey 2011


http://www.geomag.bgs.ac.uk/data_service/data/magnetic_indices/k_indices�
http://www.geomag.bgs.ac.uk/data_service/data/magnetic_indices/k_indices�
http://www.geomag.bgs.ac.uk/data_service/data/magnetic_indices/aaindex�
http://www.geomag.bgs.ac.uk/data_service/data/magnetic_indices/aaindex�
http://www.geomag.bgs.ac.uk/contactus/staff�

ESKDALEMUIR OBSERVATORY

ABSOLUTE OBSERVATIONS
Declination Inclination Total Field Horizontal Intensity Vertical Intensity
Date Day Time Absolute Baseline Time Absolute di ffSei;[e?nce (g?ig::ltjég Absolute Baseline Absolute Baseline Observer
Number um © © um © nh i (nT) (nT) (nT) (nT)

04-Aug-11 216 15:36 -3.4444 -3.6683 15:46 69.3329 3.2 49570.2 17495.2 17487.9 46380.2 46375.5 CpP
04-Aug-11 216 15:53 -3.4424 -3.6650 16:02 69.3298 3.2 49573.2 17498.8 17487.2 46382.0 46375.7 CcpP
16-Aug-11 228 13:05 -3.4549 -3.6717 13:20 69.3598 3.2 49554.8 17468.0 17503.4 46373.9 46369.4 AS
16-Aug-11 228 13:31 -3.4583 -3.6717 13:42 69.3521 3.2 49558.2 17475.4 17502.8 46374.8 46369.7 AS
25-Aug-11 237 09:40 -3.3134 -3.6750 09:51 69.3300 3.2 49556.2 17492.6 17503.1 46366.2 46369.4 CpP
25-Aug-11 237 09:59 -3.3357 -3.6750 10:10 69.3383 3.2 49553.7 17485.0 17502.7 46366.4 46369.6 Ccp
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Date: 01-08-2011 Day number: 213

‘Declination in degrees east:

15min

: Horizontal Intensity in nT

Vertical Inté:ensity innT
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Date: 02-08-2011

Day number: 214
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Date: 03-08-2011

‘Declination in degrees east:

Day number: 215
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‘Declination in degrees east:
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Eskdalemuir __Day number: 217

Date: 05-08-2011

‘Declination in degrees east:
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Date: 07-08-2011 . Eskdalemuir ___Day number: 219

‘Declination in degrees east:
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Date: 09-08-2011
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Date: 11-08-2011

Day number: 223

‘Declination in degrees east:

: Horizontal Intensity in nT
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Date: 12-08-2011

Day number: 224

‘Declination in degrees east:
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DaIe:13-08-2011
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‘Declination in degrees east:
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Eskdalemuir __Day number: 227

Date: 15-08-2011 . : .
: ‘Declination in degrees east:
15min
Horizontal Inftensity innT
17500 -\ - A M syt oo SRR T 17 s ST RN RIERE RS {SOnT
Vertical Inté:ensity innT
46378 : 30nT
| | | | | | |
0 3 6 9 12 15 18 21 24
Date: 16-08-2011 . . . Day number: 228
: ‘Declination in degrees east: :
15min

-3.37

: Horizontal Intensity in nT

17500

{SOnT

Vertical Inté:ensity innT

46378~ o : : e R R TRRRRRRE R RERE { 10nT
| | | | | | |
0 3 6 9 12 15 18 21 24

Hour (UT)



Eskdalemuir

Date: 17-08-2011

Day number: 229
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Day number: 231

Date: 19-08-2011 . : .
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Date: 21-08-2011 . . Eskdalemuir ___Day number: 233
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Eskdalemuir __Day number: 235

Date: 23-08-2011 . . .
: ‘Declination in degrees east:
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Date: 25-08-2011
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Date: 27-08-2011

Day number: 239
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Eskdalemuir __Day number: 241
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Eskdalemuir __Day number: 243

Date: 31-08-2011
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Eskdalemuir Observatory: Horizontal Intensity (nT
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Month

January
February
March
April

June

July
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Monthly Mean Values for Eskdalemuir Observatory 2011

-3°29.27
-3°28.47
-3°274°
-3°26.2°
-3°2547
-3°24.2
-3°23.17
-3°22.17

H

17497 nT
17495 nT
17497 nT
17500 nT
17503 nT
17507 nT
17504 nT
17500 nT

i. The values shown here are provisional.

69°19.6’
69°19.8°
69°19.6’
69°19.4’
69°19.2"
69°19.1"
69°19.3"
69°19.6"

X

17464 nT
17463 nT
17465 nT
17468 nT
17472 nT
17476 nT
17474 nT
17470 nT

Y

-1064 nT
-1060 nT
-1055 nT
-1049 nT
-1045 nT
-1039 nT
-1034 nT
-1028 nT

z

46368 nT
46371 nT
46370 nT
46370 nT
46370 nT
46375 nT
46376 nT
46378 nT

F

49560 nT
49561 nT
49562 nT
49562 nT
49564 nT
49570 nT
49570 nT
49570 nT



ESKDALEMUIR RAPID VARIATIONS

Sls and SSCs

Date Time (UT) Type Quality H (nT) D (min) Z(nT)
04-08-11 21 53 SSC A 29.7 -17.2 -4.6
05-08-11 17 50 SSC B 22.8 -1.56 -
05-08-11 19 00 SSC A 134.3 -8.75 -11.4
Notes:

An asterisk (*) indicates that the principal impulse was preceded by a smaller reversed impulse.

The quality of the event is classified as follows:
A = very distinct
B = fair, ordinary, but unmistakable
C = doubtful
The amplitudes given are for the first chief movement of the event.

SFEs
Date Universal Time H (nT) D (min) Z(nT)
Start Maximum End
09-08-11 08 01 08 06 08 15 12.7 2.86 -7.1
Note:

The amplitudes given are for the first chief movement of the event.




INDICES OF GEOMAGNETIC ACTIVITY
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The aa Index

Date Day 3-hourly aa-indices Ay Aagn Aa
01-08-11 213 12 24 24 8 8 5 5 8 17.0 6.5 11.7
02-08-11 214 12 8 8 8 5 5 5 2 8.8 4.5 6.6
03-08-11 215 2 5 2 2 17 5 5 5 3.1 8.1 5.6
04-08-11 216 2 9 5 2 8 9 5 24 4.8 11.5 8.2
05-08-11 217 24 12 2 5 5 37 115 171 10.9 82.1 46.5
06-08-11 218 102 59 32 46 59 45 8 24 59.6 34.0 46.8
07-08-11 219 37 8 8 2 8 12 16 9 13.8 11.2 12.5
08-08-11 220 9 16 8 24 38 8 8 12 14.3 16.3 15.3
09-08-11 221 24 24 32 12 8 5 12 8 23.1 8.2 15.6
10-08-11 222 8 8 24 12 12 12 8 5 13.0 9.2 11.1
11-08-11 223 5 8 8 5 5 5 9 8 6.5 6.8 6.7
12-08-11 224 5 12 8 12 5 12 16 2 9.2 8.9 9.0
13-08-11 225 5 8 2 2 8 2 5 12 4.5 6.8 5.6
14-08-11 226 24 12 8 12 12 32 24 24 13.9 23.0 18.5
15-08-11 227 45 16 8 12 12 32 32 24 20.3 25.1 22.7
16-08-11 228 8 24 16 24 32 8 8 12 18.1 14.9 16.5
17-08-11 229 24 8 12 12 24 5 5 5 14.0 9.9 11.9
18-08-11 230 5 2 2 2 8 12 5 2 3.1 6.8 5.0
19-08-11 231 2 2 2 5 5 2 2 8 3.1 4.5 38
20-08-11 232 5 12 5 5 12 9 12 16 6.8 12.3 9.6
21-08-11 233 2 2 2 5 8 5 9 5 3.1 6.8 5.0
22-08-11 234 16 8 24 9 2 12 32 16 144 15.6 15.0
23-08-11 235 12 5 12 16 12 45 32 16 11.3 264 18.8
24-08-11 236 24 12 5 8 12 12 2 24 12.2 12.6 124
25-08-11 237 12 5 5 8 16 20 16 5 7.5 14.3 10.9
26-08-11 238 5 5 2 2 2 12 12 16 3.8 10.6 7.2
27-08-11 239 24 5 5 2 12 16 12 8 9.2 11.9 10.6
28-08-11 240 12 8 8 12 8 12 16 12 9.9 11.9 10.9
29-08-11 241 20 8 24 16 8 12 5 12 17.0 9.2 13.1
30-08-11 242 5 5 2 12 8 5 5 2 6.2 5.1 5.7
31-08-11 243 5 2 5 2 2 5 2 2 3.8 3.1 35

Monthly Mean Value 13.0

Notes

L.
il.

1.
iv.

V.

The units of the aa index are nT.

The 3-hour aa values are rounded to the nearest integer. Where aa = *.5, aa is rounded down.

Daily values (Aaam, Aayn and Aa) are computed from aa values of original resolution.

The monthly mean value is computed from the daily mean values, Aa.

Definitive aa indices are derived and published by the International Service for Geomagnetic Indices.
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