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THE SECULAR VARIATION OF MAGNETIC DECLINATION



Summaryv

Since the previous publication {2? measurements of the =Zarmetic
Declination have been continued at a network of "repeat stations" throughout
Ireland, The deduced annual mean values for those stations during the past
decade together with the corresponding annual mean values at the three
observatories at Valentia, Hartland and Eskdaleczuir are analyse? to obtain
a revised equation for the secular variation of Westerly Declination over
the country.

Using this equation the survey map for 1970.0 [2] has been up-dated to
epoch 1980.0. From this up-dated map and the equation fer the annual change
in Declination (or the 1980 Isopors) the value of Declinatien for any place
in Ireland may be conveniently extrapolated for any subseguent time. The
extrapolation should be reasonably accurate until about 1955,0 when,
hopefully, more measurements will be available to again revise and up-date
the map and equation of change.

1. Introduction

A comprehensive magnetic survey of Ireland was cozpleted during
1964-1965 [1] as Irelands contribution to the World Magnetic Survey
and involved a programme of observations at 537 statiens., Since then
the Meteorological Service has made magnetic survey observations at a
number of "repeat" stations te provide data on the secular variation
of the magnetic elements (Declination, Horizontal Force and Vertical
Force) and enable the comprehensive maps to be up-dated at frequent
intervals,

In 1969 McWilliams [2] analysed the available data for magnetic
Declinaticon and prepared a survey map for epoch 1970.,0. All peasurements
made since then have now been analyvsed to up-date this map for epoch
1980,0.

Throughout the area covered by the survey the Declination is West
so where "Declination"” alone is used for convenience it should be
interpreted as Westerly Declination,

2. Procedure

The instruments used, the calibration and measurement procedure
were identical to those used in the comprehensive survey [1]., The
control centre to which all the survey observations were referred and
at which continuous records were available to provide instantaneous
deviations from the mean values at each particular time of observation
was Valentia Observatory,

Table 1 shows the Latitude and longitude of the repeat stations
together with Valentia Observatory, the control centre, and the
Observatories at Hartland and Eskdalemuir which were also us2d in this
analysis.




Table 1 Anmual Mean Valuea of Marnetic Declination (Degrees and Minutes ~ West)

Latitude Longitude 1970.5  1971.5% 1972,5 1973.5% 1974.5 1975.% 1976.5 1977.5 1978.5 1979.5
Stntion ) ()
Malin Head 55%22"  07%°20" 11 18.5 1 27.8 11 07.3 10 28.2
Glencolumbkille | 54%42°  on®45 12 23.2 12 17.9 12 07.4 11 35.3
Delmllet 51°14  10%0' 12 56.8 12 15,9 11 41,2
Clones 5411 07%14' 11 41.4 1 24,3 11 01.2
Claremorris 53043' 09000. 12 14.8 11 58,9 10 58,7
Leenane 5337 09%41' 12 21.4 12 15.3 1 58,9 1 31,1
Mullingar 53°31  07%21 11 28.9 11 24.1 11 11.6 10 51.4
Baldonnel 53°18  06%°26 10 52.1 10 35,1 10 15.8 9 38,3
Birr 53°05'  07°54 11 31.0 11 26.3 1M 11.4 10 26.9
Shannon Airport | 52°42°  08°56 12 00.2 11 51.4 11 38.7 1 21.4
K1lkenny 5240 07°16 11 03.9 10 59.0 10 31.8 9 56,7
Charleville 5221 08%40 . 11 37.2 11 31.6 11 .19.9 11 01.6
Rosslare 52°15°  06°20 10 16.4 9 58.0 9 40.2 9 09.4
Rochen Point 51°48°  00°15 11 18.3 11 11.4 10 41,8 9 58.7
Dentry 51°40  09°29' 11 50.8 1 34,5 10 42.8
Valentia 51°56  10°15 12 20.6 12 14.8 12 08.2 12 00.7 11 52.0 11 43.0 11 33.0 11 20.7 11 11.9 11 01,0
Hartland 51°%00°  04°29' 9 06.5 9 01.1 B 553 848.2 B840,4 8323 8231 81T 8036 7515
Eskdaleruir 55019' 03012' 9 41.6 9 36.8 9 31,5 9 25,2 9 17,4 9 09.8 9 01.1 8 51,2 840,5 8 30,5
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3. Reduction of the Observations

The wvalues of the Leclination as measured at the survey stations
were adjusted by means of the instrucent czlibration data, to conform
to the Valentia stendard,

Folleowing the procedure discussed in [2] it was aszsumed that the
diurnal variation was a simple function of local tinme, and that the
anrmual variation at the survey station vwas the same ms at Valentia, For
each indivicdual time of observation at the survey station the value of
the instantaneous deviation of Leclination (D) from the base line wvas
cozputed from the Valentia magnetograms for the corresponding loeal
time, Combining this instantaneous deviation with the base line wvalus
gave the Valentia Declination (Dv) for the same local time as the
survey value (Ds), The annual cean value of Ieclination at Valentia
(Vm) was computed fronm the hourly mean values tabulated from the
cagnetograns, The velue of the corresponiing annual rmean at the survey
station was obtained from the relation:

Anmal Mean of D at Survey Station = V5 + Dy = Dy

The annual -ean values of D at the repeat stations as reduced by
the pethod indicated above, are given in Tadble 1, Corresponding values
for Valentiz, Hartlarnd and Eskdalecuir are also included,

Table 2 Annual Keans and Annusl Decrease o Vesterly Declination at Valerntia

Annual  Annual Annueal  Annusl Anrmal  Annual

Year Hean Chenge Year llean Change Year Hean Change

o 1 1 0 1 t ) o ] ]

1899 21 35.0 1926 18 14,8 11.6 1953 14 03.6 8.7
1900 21 30,0 5.0 1927 17 58,5 11.3 1954 13 55.9 Te7
-1901 21 27.7 2.3 1928 17 48.0 11.5- 1955 13 48.5 “Ted
1902 21 24.2 3.5 1929 17 37.3 10.7 1356 13 41,6 6.9
1903 21 18,7 5.5 1930 17 27.6 9.7 1957 13 35.1 6.5
1904 21 15,2 3.5 1931 17 16.8 10.8 1958 13 29,0 6.1
1905 21 10,4 4.8 1932 17 05.4  11.4 1959 13 22.9 6.1
1905 2% 06.3 4.1 1933 16 54.5 10,9 1960 12 16.4 8.5
1907 21 01.4 4.9 1934 16 43,7 10.8 1961 13-10,3 6.1
1808 20 &5.7 5.7 1935 16 32,7 11,0 1962 13 04.1 8.2
1909 20 50,3 5.4 1936 16 21.6 1.1 1963 12 57.6 6.5
1910 20 44.6 5.7 1937 16 11.7 9.9 1964 12 51.6 6,0
1911 20 28,1 0.5 1933 10 02.4 3.3 1985 12 46,1 ‘5.5
-1812 20 24,2 8.8 1939 15 54,1 3.3 1966 12 40.8 5.3

1313 20 19,6 9.7 13940 15 45.3 8.8 1967 12 35.7 5.1 -
1914 20 12,3 T.3 1941 15 36.8 8.5 1968 12 30,7 5.0
1915 20 03.8 8.5 1942 15 28,0 8.8 1969 12 25.8 4.9
1916 19 531 10,7 1943 15 19,8 8,2 1970 12 20,6 5.2
1917 19 43.0 10.1 1544 15 11.6 8.2 1971 12 14.8 5.8
1918 19 36,2 ©.8 1945 15 03,6 8.0 1972 12 08,2 8.6
1919 19 27.2 9,0 1946 14 54.2 3.4 1973 12 00,7 T.5
. 1920 19 17.9 9.3 1947 14 45.1 9,1 1974 11 52,0 8.7

1921 19 06.5 11.4 1948 14 27.2 7.9 1975 11 42,0 9.0 -
1922 i8 57.0 9.5 1349 14 20,1 T.1 1876 11 33.0 .:10,0
1923 18 46,5 10,5 1950 14 232.9 6.2 1977 11 22,7 -%0,3
1924 18 34.9 11.6 1951 14 16.5 Ted 1978 11 11,9 - 10,8
1925 18 22,4 12.5 1952 14 10,3 0.2 1979 11 01,0 10,9
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Fig. 1. Secular variation of D a! the Observatories . - ' :




4, Annrly=is of the Data

The secular variation of Westerly Declination at the three
Obaervatories since epoch 1910.5 is shown in Pig, 1 from which 1% can
be geen that Decliration has contirnued to decrease, However the anmal
rate of change which had been steadily decreasing since about 1329 began
to irncrease again iIn 1970, This can be seen in Pig, 2, based on the data
in Table 2, which shows the year to year change in Declination at Valentia
since 1910, Individual anrual values show soce scatter probdadly éus
10 variation in solar activity but the overall patterm is clear from the
curve for 1l-year meens which is also drawn on the diagren,

An exsmination of the rate of change at the Observatories and
repeat stations suggested as in [2] that the annual rate of change (R)
‘over the area since 1970, zay be represented by a furnction of Latituds
and Longitude in the form:

R = 31(¢-50) + b1(‘\-5) + 01_ + t{&z((’-SO) + bz(L"S) + 02}""“""""(1)

where¢/ is the Latitude North and A the lLongitude Weat in degrees and
aqy by, ¢9, 83, Y5, and ¢, are constants,
R i= in minutes. '

Using all the available peasurements since 1370 at the Observatories
and repeat statlons and using the method of least squares the equation
tor rate of change wag fournd to be:.

R = 0,17(-50) =0.208{\-5) -4.667 -t{0.033(¢-50) =0.012()\~-5) 40.710]...(2)
Integrating equation (2) with respect to "t* and taking t = 0 at epoch

1970.0 we get the general equation for Declivation D (in mirmtes) in
the form:

D= D-ro.o""{" 6670, 17(¢=50)+0.208(\~5)} —t2{0. 35%0.017@-50)-0.906(},-5%

Putting t = 10 we get

DB0.0 - D,o.o - 82017 - 1.4-8(1-5) PP LB P LGP IO B IR IPE GBI PP RSN RN NSRS (‘)
Bquation (4) may be used to up-date all the stations occupied in

the general survey to epoch 1980,0, These up-dated values together with

the change since 1970.0 are given in Table 3 and form the basis of the

Isogonic map for epoch 1980.0 which is appended to this paper,

In [2] the terrestriel isogonals for epoch 1970.0 were found to
be

D70.o - 16.85(q -50) + 30.87(1-5) + 551.82 olcollacc.o-o-cooocoooloon(s)

Combining this with equation (4) we get the terrestriaml isogonals for
epoch 1980,0 in-the form:

Pgo.0 ® 16.85(C/ = 50) + 29.39(X = 5) + 469.65 seesececeacecnccsceces(6)

These terrestrial isogorals are drawn in red on the map appended
to this paper, '
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To faoilitats extrepolation of the deta on the 1580 =ap to future
yours {to 1985 aay) egquation ())may be adjusted so that zero $ice 1l
&t epoch 1980,0, The esquaticn then becozes

D = Dgp -t{n.77+o.17(¢-so)+o.osu-5)} -t {b.355+0.017«(-50)-0.006(].-5)

[N RN NN NN NNNNENNENNREN ]

The use of this equation for extrapolation of Declination values
Zor future years essuzes that the arnual rate of decremss will continue
the increasing trend which has been the feature of the past 10 years,
However it cay be notec that the annual rate of change at Valentia at
epoch 1980,0 has esgqualled the zmaximus annual rate of change sxperienced
since observations began in 1888 i.e, 12,5 minutes, which was last reached
in 1925 (See 2ig, 2), It is likely thersfore that the annual rate of
change ray now sgettle at the 1580 value for the next few yoars,

At epoch 1980,0 the enmnual rate of change is given by the ejuation

(2)20.0 - ~(177 + 0.17-50) 4 0,095} Lereiiiiiiiiiiiiiininnl8)

This -equation gives the Isopors or lines of equal change in
Declination which are shown on the rmap as broken red lines running
approxircately South West to Hoerth East, ‘Whether we use these Isopors
or equaticn (7) for future extrapolation the difference will be szmall,
and accuriilating to only 4 to 5 minutes of erc ty 1985. For rmost
practical purposes.for which the map will be used this difference
in a forecast for 5 years hence should not be very significant,
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Table 2

Declination Values at

& =

Zpoch 1970,0 ard

Up-dated

Values for

Epoch 1980,0

Dzo.o _ Dzo.o
Station 1970.0 o 1980,0 Station 1970.0 0 1980,0
Pgo.0 Dgo.0
o | 1 fe) ] o ' 1 o t
Kalin Head 11 46.3 85.6 10 20.7 Carricke-on- 12 02,1 86.7 10 35.4
Shannon
Dunfanaghy 11 59,5 86,5 10 33.0 | Westport 12 18,0 88,8 10 49,2
Coleraine 11 56,1 84,7 10 31.4 Cagtlereagh 12 15,4 87.4 10 48,0
Vaterfoot 11 18.7 83.7 g 55,0 Clarezorris 12 16,3 83,1 10 48,2
Derry 11 48.8 85.6 10 23.2 Drogheda 10 58,5 84,2 9 34.3
Toberwmore 11 30,7 84.8 10 05,9 Yells 11 19,0 84.9 9 54,1
Glencolucb=- 12 25.4 87.7 10 57.7 Leenane 12 26,4 89.1 10 57.3
kille
Donegal 11 47.8 86,8 10 21.0 ¥ullingar 11 30.9 85.6 10 05,3
Bangor 10 38,9 831 9 15,8 Clifden 12 38,5 89,6 11 08.9
Streefe Fort 10 54,2 B5.3 9 28,9 Athlone 11 32.4 86,5 10 05.9
Armagh 11 17.7 84.6 9 53.1 Oughterard 12 42.3 88.5 11 13,8
Enniskillen 11 54,6 87,6 10 27.0 Baldonnel 10 52.0 84,3 9 27.7
Sligo 12 04.9 87.3 10 37.6 Gelway 12 31,7 88,1 11 03.6
Belrmllet 13 05,3. 89,6 11 35,7 Kildare 11 08,8 84,9 9 43.9
Clones 11 40,0 85,5 10 14,5 Birr 11 32.8 8&.,4 10 06,4
Eallina 12 14.9 88,3 10 46,6 Gort 11 54.8 87.8 10 27.0
Greenore 11 13.% B83.8 9 49.7 Lisdoonvarna 12 10,8 88,5 10 42.3
Cavan 11 32,9 85.6 10 07.3 Wicklow 10 23.0 83.7 '8 59,3
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Table 3 Declination Vglues at Epoch 1970,0 and Up-dated values for
Epoch 1980.0

D70.0 D70.0
Station 1970,0 o  1980,0 Station 1970.0 4o  1980,0

Dgo,0 Dgo.0

] ' ' o 4 0 T L 4 o )

Shannon 12 00,6 88,0 10 32,6 ¥aterford 10 41.8 85.4 9 16,4
Airport
Bagnalstown 10 57.1 85,0 9 32,1 Tralee 12 21,2 89,2 10 52,0
(Muinebeag)
Kilkenny 11 05.1 85,5 9. 39,6 Rosslare 10 22,2 B84.1 8 58,1
Limerick 11 50.8 87,6 10 23,2 Lismore 11 17.9 86,5 9 51.4
Kilrush 12 19.4 88,8 10 50.6 Xillarney 12 11,9 88,9 10 43.0
Tipperary 11 28.4 86,9 10 01,5 Valentia 12 24,7 839.9 10 54,8
Ballywilliam 10 44.2 84,% 9 19,3 Cork 11 34.9 87.3 10 07,6
Wexford 10 29.2 84.3 9 04.9 Roches Point 11 19,4 87.0 9 52.4
Charleville 11 44,1 87.6 10 16,5 Bantry 11 $7.7 88,8 10 28.9
(Rathluire) ‘
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