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ESKDALEMUIR OBSERVATORY MAGNETIC DATA 
 

1. Introduction 
 
Eskdalemuir obs ervatory i s one  of  t hree 
geomagnetic observatories in the UK operated and 
maintained by the British Geological Survey 
(BGS). 
 
This bulletin is published to provide rapid access to 
the p rovisional g eomagnetic o bservatory r esults. 
The i nformation is f reely available f or personal, 
academic, ed ucational a nd non -commercial 
research o r use. Magnetic o bservatory d ata are 
presented as a series of plots of one-minute, hourly 
and da ily v alues, f ollowed by  t abulations of  
monthly v alues, reports o f r apid v ariations a nd 
geomagnetic activity indices. The operation of the 
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 i n the upper part of the valley of  
the W hite Esk R iver i n t he S outhern Uplands of  
Scotland. The observatory co-ordinates are: 

Geographic: 55.317 ° N 356.800° E 
Geomagnetic: 57.682° N   83.756° E 
Height above mean sea level: 245 m 
 
The geomagnetic co-ordinates are approximations, 
calculated us ing t he 11th g eneration International 
Geomagnetic R eference F ield (IGRF) at e poch 
2010.5. On-line access to models (including 
IGRF), charts and navigational data are available at 
www.geomag.bgs.ac.uk/navigation.html 
 
3. The Observatory Operation 
 
3.1 GDAS 
The obs ervatory ope rates under t he c ontrol of  the 
Geomagnetic D ata A cquisition S ystem ( GDAS), 
which w as d eveloped by  BGS st aff, i nstalled i n 

2002, a nd be came f ully operational i n January 
2003. T he da ta a cquisition s oftware, r unning on 
QNX operated computers, controls the data logging 
and the communications. 
 
There are t wo se ts o f se nsors u sed f or m aking 
magnetic measurements. A tri-axial linear-core 
fluxgate m agnetometer, manufactured by  t he 
Danish Meteorological Institute, is used to measure 
the variations in the horizontal (H) and vertical (Z) 
components of the field. The t hird sensor is 
oriented p erpendicular t o t hese, an d m easures 
variations, which are proportional to the changes in 
declination ( D). Measurements ar e made at  a r ate 
of 1 Hz. 
 
In addition to the fluxgate sensors there is a proton 
precession m agnetometer ( PPM) m aking 
measurements o f t he ab solute t otal f ield i ntensity 
(F) at a rate of 0.1Hz.  
 
The raw unfiltered data are retrieved automatically 
via Internet c onnections t o t he B GS of fice i n 
Edinburgh in near real-time. The fluxgate data are 
filtered to p roduce on e-minute v alues us ing a  61 -
point cosine filter and the total field intensity 
samples ar e f iltered u sing a  7 -point c osine f ilter. 
The one-minute v alues provide input for various 
data pr oducts i n t he Geomagnetism Information 
and F orecast S ervice (GIFS), av ailable o n-line a t 
www.geomag.bgs.ac.uk/on_line_gifs.html  
 
3.2 Back-up Systems 
There a re t wo ot her f ully i ndependent i dentical 
systems, G DAS 2 a nd G DAS 3, ope rating a t t he 
observatory. The data from these are also processed 
in n ear r eal-time a nd us ed f or qua lity control 
purposes. T hey ar e al so u sed t o f ill an y gaps o r 
replace an y co rrupt values in t he p rimary s ystem, 
GDAS 1. 
 
3.3 Absolute Observations 
The GDAS fluxgate magnetometers accurately 
measure v ariations i n t he c omponents of  t he 
geomagnetic field, but not the absolute magnitudes. 
Two sets of absolute measurements of the field are 
made manually o nce p er w eek. A  f luxgate sen sor 
mounted on a theodolite is used to determine D and 
inclination (I); t he G DAS P PM m easurements, 
with a si te d ifference co rrection ap plied, ar e u sed 
for F. T he a bsolute obs ervations a re us ed i n 
conjunction w ith th e G DAS v ariometer 
measurements t o pr oduce a  c ontinuous r ecord of  
the ab solute v alues o f the g eomagnetic f ield 
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elements as i f t hey h ad been m easured at  the 
observatory reference pillar. 
 
4. Observatory Results 
 
The data presented in the bulletin are in the form of 
plots a nd t abulations de scribed i n t he f ollowing 
sections. 
 
4.1 Absolute Observations 
The absolute observation measurements made 
during t he month a re t abulated. Also included are 
the corresponding baseline values, which are the 
differences b etween t he absolute m easurements 
and the variometer measurements of D, H and Z (in 
the sen se ab solute−variometer).  T hese ar e al so 
plotted ( markers) a long w ith the de rived 
preliminary daily baseline values (line) throughout 
the y ear. D aily m ean d ifferences b etween t 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 by a f actor, w hich i s 
indicated a bove t he p anel f or t hat da 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 pl otted us ing one -
minute v alues of  D, H and Z from t he f luxgate 
sensors, w ith an y g aps f illed u sing b ack-up da ta. 
The magnetograms are p lotted to a v ariable scale; 
scale bars are shown to the right of each plot. The 
absolute level ( the m onthly mean v 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 
months a re pl otted i n 27 -day s egments 
corresponding to the Bartels solar rotation number. 
Magnetic d isturbances a ssociated w ith act ive 
regions and/or coronal holes on t he Sun may recur 
after 27 days: the same is true for geomagnetically 
quiet intervals. P lotting the data i n t his way 
highlights th is r ecurrence. D iurnal v ariations a re 
also clear in these plots and the amplitude changes 
throughout the year highlight the seasonal changes. 
Longer term secular variation is also illustrated. 

 
Full l ists o f t he U K o bservatory hour ly mean 
values from 1983 to the present day are available at 
www.geomag.bgs.ac.uk/gifs/hourly_means.html. 
 
4.5 Daily and Monthly Mean Values 
Daily m ean v alues of D, H, Z and F are p lotted 
throughout the year. In addition, a table of monthly 
mean values o f al l t he g eomagnetic elements is 
provided. T hese v alues de pend on a ccurate 
specification of the f luxgate sensor baselines. I t i s 
anticipated that these provisional values will not be 
altered b y more t han a few n T o r t enths o f 
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 he s olar w ind i nteracts w ith t he 
geomagnetic f ield t o c reate a cav ity, t he 
magnetosphere, i n w hich the f ield i s confined. 
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) t he 
boundary is pushed towards the Earth. Currents set 
up on t he bounda ry of  t he m agnetosphere c an 
cause an  ab rupt ch ange i n t he g eomagnetic f ield 
measured on the ground and t his is recorded on 
observatory magnetograms as a sudden impulse 
(si).  I f, f ollowing a n si, t here i s a ch ange i n t he 
rhythm of activity, the si 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 c urrent i ndex) can 
often occur after a ssc, in which case the start of the 
storm is taken as the time of the ssc. 
 
Solar f lares, seen  at  o ptical w avelengths as a  
sudden br ightening of  a  small r egion of  t he S un's 
surface, are a lso r esponsible f or i ncreased X-ray 
emissions. These X-rays cause increased ionisation 
in t he i onosphere, w hich leads t o a bsorption of  
short-wave radio signals. A solar flare effect (sfe), 
or " crochet", may be  observed on a  magnetogram 
during geomagnetically quiet times. It is  a  
relatively sh ort-term ch ange ( tens o f m inutes) t o 
the nor mal di urnal v ariation a nd can v ary in s ize 
(tens of  n T) de pending on l ocal t ime ( LT), 
geomagnetic latitude and solar zenith angle. 
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4.7 Local geomagnetic activity indices 
The Observatory K index. This su mmarises 
geomagnetic act ivity at  an  o bservatory b y 
assigning a code, an integer in the range 0 to 9, to 
each 3 -hour U niversal Time ( UT) i nterval.  The 
index f or each 3-hour UT i nterval i s de termined 
from the maximum range in H or D (scaled in nT), 
with allowance made for the regular (undisturbed) 
diurnal variation.  The conversion from range to an 
index v alue i s made u sing a quasi-logarithmic 
scale, w ith t he scal e v alues d ependent o n t 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 index r etains the L T an d s easonal 
dependence of activity associated with the position 
of the observatory. The 3-hourly K indices for the 
month are t abulated and al so p lotted as a 
histogram. All UK obs ervatory K indices  are 
available at 
www.geomag.bgs.ac.uk/gifs/k_indices.html 
 
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 o f o bservatories t o ch aracterise g lobal 
activity l evels an d t o el iminate L T an d seaso nal 
effects.  T he simplest of t hese i s t he aa index, 
computed using the K indices f rom two 
approximately antipodal observatories: Hartland in 
the UK and Canberra in Australia. The aa index is 
calculated f rom l inearisations o f t he H artland an d 
Canberra K indices, a nd ha s uni ts of  n T.  The 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 (Aaam) and 12-24UT 
(Aapm) 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 
with th e ap and am indices, w hich a re de rived 
using d ata f rom more extensive o bservatory 
networks. 
 
The aa indices listed in this bulletin are available at 
www.geomag.bgs.ac.uk/gifs/aaindex.html as w ell 
as the full data set from 1868. 
 
Definitive aa are publ ished by  t he International 
Service f or G eomagnetic Indices, L ATMOS, 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 o ther non-commercial use and a re not 
for sale o r d istribution to th ird p arties w ithout 
written permission from BGS. 
 
Reproduction of any part of this bulletin should be 
accompanied by  t he st atement: 'Reproduced w ith 
the pe rmission of  t he B ritish G eological S urvey 
©NERC. All rights Reserved'. Publications making 
use of the data should include an acknowledgment 
statement of the form: ‘The results presented in this 
paper r ely o n t he d ata co llected at  Eskdalemuir 
magnetic o bservatory, ope rated by  the B ritish 
Geological Survey.’ 
 
Commercial u sers can  contact the g eomagnetism 
team for i nformation on  the r ange of a pplications 
and ser vices offered. F ull co ntact d etails are 
available at www.geomag.bgs.ac.uk/staff.html. 
 

 
 
 
This product includes mapping data licensed from Ordnance Survey with the permission of 
HMSO  Crown copyright. All rights reserved.  
Licence Number: 100017897/2010 
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ESKDALEMUIR OBSERVATORY  
 
ABSOLUTE OBSERVATIONS 
 

 

 

  Declination Inclination Total Field Horizontal Intensity Vertical Intensity  

Date Day 
Number 

Time 
(UT) 

Absolute 
(º) 

Baseline 
(º) 

Time 
(UT) 

Absolute 
(º) 

Site 
difference 

(nT) 

Absolute 
corrected 

(nT) 

Absolute 
(nT) 

Baseline 
(nT) 

Absolute 
(nT) 

Baseline 
(nT) Observer 

14-Oct-10 287 11:08 -3.5272 -3.6733 11:19 69.3383 3.2 49541.0 17480.5 17505.4 46354.5 46368.8 CP 

14-Oct-10 287 11:29 -3.5451 -3.6733 11:39 69.3371 3.2 49540.9 17481.5 17505.1 46354.0 46368.9 CP 

22-Oct-10 295 09:46 -3.5097 -3.6750 09:57 69.3233 3.2 49547.3 17494.8 17505.3 46355.9 46368.9 CP 

22-Oct-10 295 10:07 -3.5071 -3.6767 10:18 69.3300 3.2 49545.2 17488.7 17504.9 46355.9 46369.0 CP 

28-Oct-10 301 14:55 -3.5753 -3.6700 15:06 69.3344 3.2 49555.7 17488.9 17504.5 46367.1 46369.4 CP 

28-Oct-10 301 15:17 -3.5654 -3.6733 15:28 69.3325 3.2 49557.7 17491.1 17504.7 46368.4 46369.3 CP 

              

              



Eskdalemuir      2010
Declination : Absolute - Variometer (markers) and Baseline Applied (line)

Horizontal Intensity : Absolute - Variometer (markers) and Baseline Applied (line)

Vertical Intensity : Absolute - Variometer (markers) and Baseline Applied (line)

Total Intensity : Absolute (Proton F) - Baseline Adjusted Variometer (derived F)
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   Eskdalemuir  Date: 31-10-2010 Day number:  304
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Monthly Mean Values for Eskdalemuir Observatory 2010 
 
Month D H I X Y Z F  
 
January    -3° 41.1´ 17492 nT  69° 19.2´ 17456 nT  -1124 nT  46343 nT  49534 nT 
February   -3° 39.7´ 17490 nT  69° 19.5´ 17454 nT  -1117 nT  46348 nT  49538 nT 
March      -3° 39.1´ 17494 nT  69° 19.2´ 17458 nT  -1114 nT  46346 nT  49538 nT 
April      -3° 37.6´ 17488 nT  69° 19.7´ 17453 nT  -1106 nT  46350 nT  49539 nT 
May        -3° 36.6´ 17494 nT  69° 19.4´ 17459 nT  -1102 nT  46353 nT  49544 nT 
June       -3° 35.7´ 17497 nT  69° 19.2´ 17463 nT  -1097 nT  46354 nT  49547 nT 
July       -3° 34.9´ 17497 nT  69° 19.2´ 17463 nT  -1093 nT  46355 nT  49548 nT 
August     -3° 33.9´ 17491 nT  69° 19.7´ 17457 nT  -1087 nT  46358 nT  49548 nT 
September  -3° 33.1´ 17493 nT  69° 19.6´ 17459 nT  -1084 nT  46359 nT  49549 nT 
October    -3° 32.2´ 17492 nT  69° 19.7´ 17459 nT  -1079 nT  46362 nT  49552 nT 
 
Note 
 
i. The values shown here are provisional. 
 
 
 
 
 



 

 

ESKDALEMUIR RAPID VARIATIONS 
 
 
SIs and SSCs 
 

Date Time (UT) Type Quality H (nT) D (min) Z (nT) 

11-10-10 06 49 SSC* B -9.6 -1.80 -1.5 

15-10-10 05 12 SSC* C 4.5 -0.90 - 

30-10-10 10 13 SI* B 12.3 -2.39 -2.0 
 
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    

          

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



 

 

INDICES OF GEOMAGNETIC ACTIVITY 
 

 K - INDICES FOR THREE-HOUR INTERVAL 

Day 00-03 03-06 06-09 09-12 12-15 15-18 18-21 21-24 
1 1 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 
3 1 1 0 0 0 0 0 0 
4 0 0 0 0 1 0 1 1 
5 1 1 2 2 1 1 0 0 
6 2 0 1 0 2 2 2 0 
7 1 0 0 0 1 0 0 2 
8 3 1 1 1 0 1 0 1 
9 2 1 1 1 0 1 0 0 

10 0 0 0 1 1 1 1 3 
11 0 1 2 3 3 4 4 4 
12 2 3 2 1 1 2 1 3 
13 1 1 2 0 1 1 0 0 
14 0 0 0 0 0 0 0 1 
15 1 0 1 2 2 2 3 3 
16 3 1 1 0 1 2 3 3 
17 2 3 3 1 1 1 3 3 
18 2 0 0 0 0 0 2 3 
19 2 2 2 1 1 0 0 2 
20 2 1 0 1 2 0 1 1 
21 2 0 0 0 1 1 0 0 
22 0 0 1 1 1 1 2 3 
23 3 2 3 3 4 4 3 4 
24 3 3 2 2 3 3 4 3 
25 1 2 1 2 2 0 3 1 
26 2 1 1 1 2 2 3 3 
27 0 0 1 1 1 1 3 1 
28 1 0 0 2 1 1 1 0 
29 2 1 0 0 1 1 0 0 
30 0 0 0 1 1 1 0 0 
31 0 0 0 2 3 1 1 1 

 
 
 
 

 
 



 

 

The aa Index 
 

 
Date Day 3-hourly aa-indices Aaam Aapm Aa 

01-10-10 274 5 5 2 2 2 2 2 2 3.8 2.5 3.1 
02-10-10 275 2 2 2 2 2 2 2 2 2.5 2.5 2.5 
03-10-10 276 5 8 2 8 2 5 2 2 5.8 3.1 4.5 
04-10-10 277 2 2 5 2 8 2 5 8 3.1 5.8 4.5 
05-10-10 278 8 12 16 16 8 8 8 5 13 7.2 10.1 
06-10-10 279 9 2 8 12 24 12 12 5 7.9 13.3 10.6 
07-10-10 280 5 5 5 9 12 2 2 12 6.2 7.2 6.7 
08-10-10 281 20 12 5 12 2 8 5 8 12.2 5.8 9 
09-10-10 282 12 5 5 12 5 8 2 5 8.5 5.2 6.8 
10-10-10 283 5 2 2 8 12 8 8 20 4.5 11.9 8.2 
11-10-10 284 8 16 24 81 67 59 45 45 32.2 54.3 43.2 
12-10-10 285 20 32 16 20 20 32 8 20 22 20 21 
13-10-10 286 8 12 16 8 8 8 8 5 10.9 7.2 9 
14-10-10 287 8 2 2 2 2 2 2 8 3.8 3.8 3.8 
15-10-10 288 8 5 8 16 16 12 20 20 9.2 16.9 13.1 
16-10-10 289 20 8 8 2 12 16 37 24 9.5 22.3 15.9 
17-10-10 290 16 24 32 20 12 12 20 20 23.1 15.9 19.5 
18-10-10 291 20 5 5 12 5 8 16 32 10.5 15.3 12.9 
19-10-10 292 24 24 24 12 8 8 8 12 21.2 8.8 15 
20-10-10 293 12 5 2 12 24 5 8 8 7.8 11.3 9.5 
21-10-10 294 12 8 2 5 8 8 8 2 6.8 6.5 6.7 
22-10-10 295 2 8 12 8 12 8 24 32 7.5 19 13.3 
23-10-10 296 24 16 32 59 81 59 37 59 32.8 58.9 45.9 
24-10-10 297 32 46 32 32 46 32 45 24 35.5 36.8 36.2 
25-10-10 298 9 12 16 16 32 8 24 12 13.3 19 16.2 
26-10-10 299 24 12 12 16 12 16 37 20 16 21.3 18.6 
27-10-10 300 8 8 8 8 12 8 20 8 7.8 11.9 9.8 
28-10-10 301 5 2 8 8 20 8 5 5 5.8 9.6 7.7 
29-10-10 302 12 12 5 2 12 12 2 2 7.8 7.2 7.5 
30-10-10 303 2 2 2 12 8 16 2 5 4.8 7.9 6.4 
31-10-10 304 2 12 9 24 32 8 12 8 12 14.9 13.5 

Monthly Mean Value 13.2 
Notes 
i. The units of the aa index are nT. 
ii. The 3-hour aa values are rounded to the nearest integer. Where aa = *.5, aa is rounded down. 
iii. Daily values (Aaam, Aapm and Aa) are computed from aa values of original resolution. 
iv. The monthly mean value is computed from the daily mean values, Aa. 
v. Definitive aa indices are derived and published by the International Service for Geomagnetic Indices. 
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