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Ahbstract

Using observational data of geomagnetic total intensity from |3 stations in the Beijing— Tianjin region, 3 stations in the western Y unnan
region of China, and 6 stations in California of U. S, A. . the daily variations and their speetra of geomagnetie total inlensity were ana-
Iyzed and compared. The results show that the morphology, the range and spectrum of daily varigtions in geomagnelic total intensity are
basically the same within the local extent of 100--200 km and are different in the large extent of 500 km. The latitude lactor of the
daily varialion range of geomagnetic total intensity is about 12 nT/degree within the latitude extent of 25°—A40°,
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Introduction

The proton precession magnetometer has characters of high accuracy, good stability , convenient
operation and so on, and is a good instrument for geomagnetic and seismomagnetic observations
(Zhou, 1986). At present,the networks installed up mainly with proton precession magnetometers for
observing geomagnetic total intensity are set up in earthquake prediction experimental sites both at
home and abroad, and an amount of significant seismomagnetic results have been obtained (Zhan,
1989; Muecller ¢t al. , 1981 ; Johnston, 1987; Shapiro and Abdullabekov, 1982; Rikitake et al. ,
1980).

Geomagnetic daily variation is one of the important subjects in geomagnetism ( Matsushita and
Campbell, 1967; Fu of af. , 1985). Most of the rescarch on geomagnetic daily variations in the past
was to analyse geomagnetic component data recorded at the observatories. Using the data of geomag-
netic total intensity in the networks of seisimomagnetic observation in the Beijing — Tianjin area and
western Yunnan area of China, and in California of U. 5. A. , this paper analyzes and compares the
morphology , daily range and spectrum of daily variations of the geomagnetic total intensity from these
regions.

Observation data

According to the Scientific and Technological Agreement for Sino-U. S. Cooperation of Earth-
quake Resecarch, geomagnetic observation networks have been set up in the Beijing—Tianjin area and
western Yunnan arca of China to do Cooperative investigation using proton precession magnetometers
provided by U.S. Geological Survey in order to research tectonomagnetic effect and carthquake pre-

#*  The Chinese version of this paper appeared in the Chinese edition of Acta Hewsmologica Sinica, 14, 83—89, 1992,
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diction by geomagnetic approach {(Zhan and Lin, 1985). is 1.0n
Figure | shows the locations of 6 magnetometer stations in California, U.S. A. The 6 stations are magneti
part of geomagnetic network sct up by the U. S. Geological Survey along the San Andreas Fault. The area are
network has played an important role in investigation of tectonomagnetic effects (Johnston, 1989). and in t
The 5 stations in the northwest part of Figure 1 are located in the earthquake prediction experimental tal inten
site at Parkficld, California; the distance between adjacent stations is 5— 10 km. The OC station given recordec
in Figure | is about 450 km from the Parkfield area. All these stations use the proton precession mag- Fo:
netometers improved by U. S. Geological Survey. Geomagnetic total intensity is synchronously ob- the geor
served every |0 min. The accuracy of the synchronous time is within 0. | second, and the measure-- min sarr
ment accuracy is 0. 2 nT. i
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Figure |  Locations of § magnetometer stations in California, U. 8. A. used in this paper.
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Figure 2 Locations of magnetometer stations in western Yunnan and Beijing — Tianjin areas.
(a) Geographical locations of Beijing and Xiaguan, (b) Locations of 3 stations in
western Yunnan area. (¢) Locations of 13 stations in Beijing — Tianjin arca.
Tak
Figure 2 shows the locations of 3 magnetometer stations in western Yunnan area (Xiaguan and its ly variat
adjacent area) and 13 ones in Beijing — Tianjin area (Beijing neighbouring arca) of China. The be seen i
recording magnctometers provided by the U. S. Geological Survey are used to observe geomagnetic to- f cated in i

tal intensity at these locations. The sensitivity of the magnetometers is 0. 25 nT and the accuracy but some
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is [.0nT. They have the automatic recording printers. At the 3 stations in western Yunnan area geo-
magnetic total intensity was sampled synchronously every 5 min. The |3 stations in Beijing — Tianjin
arca are in the center station and three small local networks near the Babaoshan fault, Xiadian fault
and in the Miyun area; the geomagnetic total intensity is observed once cvery season; geomagnetic to-
tal intensity at the 4 magnetometer stations in various small local networks and the center station BE is
recorded synchronously once every 2 min for period of 3—5 days during each observation.

For convenience of comparative analysis, universal time ( UT ) is used in this paper. All data of
the geomagnetic total intensity used in this paper are synchronous observation values with every 10

min sample at various stations.

Comparison of daily variations in geomagnetic total intensity

Figure 3 shows the variations in geomagnetic total intensity at various stations during March | —
10, 1988. The geographical locations of these stations are given in Figure | and Figure 2. From the
view point of the variation morphology, the variations of geomagnetic total intensity at 6 stations in
California, U.S. A. (Figure 3a) are quite consistent. The daily variations have the same regularitics,
showing V-shape variations. The variations of geomagnetic total intensity at 3 stations in western
Yunnan area of China are also consistent. By comparing the variation shape of geomagnetic total in-
tensity in these 2 arcas shown in Figure 3, it can be seen that the difference is quite obvious. During
this period. the regularity of daily variation shape in geomagnetic total intensity in California,U. S. A.
is more obvious, but the daily variation shape is characterized by random in western Yunnan arca of
China. The western Yunnan arca in China is at a low latitude area, about 26°N., The randomness in
daily variations of geomagnetic total intensity in western Yunnan area may be related to the influence
of the equatoria, clectrojet current.
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Figure 3 Variations of geomagnetic total intensity at various stations in California, U. S, A.
ta), and in western Yunnan area, China during March 1—10, 1988 (b).

Table | shows the comparison of the range \F7, high-point time #7T and low-point time T in dai-
ly variations of geomagnetic total intensity at the various stations on March 1, 4 and 8 of 1988. It can
be seen in Table | that on the same day the AF, /7 and I.T are nearly the same at the 13 stations lo-
cated in the Beijing—Tianjin area; that at the 3 stations in the western Yunnan area ate roughly same,
but some of them exists difference. Among the 6 stations in California, U.S. A. s the AF, T and LT
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at the 5 stations in the Parkficld arca are identical, but differ from the OC station, where H7T and LT
have some leading time and AF is smaller. The difference of \#, [T and L7 in the 3 arcas is obvious.

Table 1 Comparison of the range AF (nT), high-point time T and low-point time 17 (UT) in daily variations of geomagnetic total

intensity at various stations on March 1. 4 and 8, 1988

Western Yunnan,

Areca Beijing —Tianjin, China China California, U.S. A.

Lute  Stalion 10 Ly II GA Y1 BL b B EY X0 VIR HG GD AG GR o
T Tw 29.5 28,5 29.3 30.3 32.5  25.5 25.3 25.0 15.3 138 446 414 455 37.8
i 0000 OUID 0000 0010 0010 1940 1940 1940 1550 {510 1510 1510 1530 1420
o 0500 D510 0500 0500 0500 1110 0930 1200 1920 1910 1910 1910 1900 1820

Stalion KE WO DA XZ
1 \F 3.8 443 403 443 46.5  37.0 35.0 35.0  55.3 508 544 54.3 54.8 48§
i 0010 DUIO 0010 0010 0000 2300 2300 2300 1540 1540 1540 1540 1540 1430
L 0710 0710 0710 0710 0710 0410 0340 0510 2010 2010 2010 1950 1950 1910

Station T1 MA YA X1
8 \F 53.0 533 528 52.8 555 33.0 35.0 385 5.3 543 541 539 545 9.8
i 0040 0040 0DA0 0040 0040 0210 0350 0350 1020 1030 1020 1020 1020 1030
ur 0540 0540 0540 0540 0540 0940 0930 0930 2000 1950 1950 1950 1950 1950

Table 2 is comparison of the mean values of the range \F, high-point time /7 and and low-point
time LT in daily variations of geomagnetic total intensity at various stations for all days, quiet days
and disturbed days during January —March, 1988. It can be seen in Table 2 that \F and its standard
deviation on disturbed days at the same station are the largest, A\ and its standard deviation on quiet
days are the smallest. The AF, /1T and LT of [ive stations in Parkficld area, USA are quite identical ;
but MK at OC station is smaller, 17 has a leading time. The AF at the three stations in west Yunnan
area in China is comparatively identical, there exist some differences in /7 and L7T. Comparing the
data in Table 2, \F at stations in California, USA is larger than that in west Yunnan area, China for
all days and quict days, but \/ is smaller than that in west Yunnan arca, China for disturbed days.

Table 2 Comparison of mean values of the range AIF and standard deviation o (nT), high-point time HT' and low-point time 1.1
(UT) in daily variations of g ic total intensity at various stations on all days{AD)), quict days(QD) and disturbed days(DI})

during January —March, 1988

Area . California, U, 5. A. Western Yunnan area
Station VIR HG GD AG GR O YO EY XG
TAD AR 16, 9 7.5 15,1 6.3 16.8 3.1 12,7 431 45. 0
¥ 19. 1 20.0 18.7 18. 6 19. 1 17.8 27.2 27.9 28,7
QD K 37,6 37.2 37.2 37.2 37.7 32.8 20,3 21,3 21.9
i 7.7 7.6 7.8 7.7 8.7 7.2 4.0 44 5.1
DD AP 75.2 8.3 73.6 73.5 74.9 £9.9 85. 8 87. 1 89. 8
p 26. 6 27.5 26.3 26. 0 26. 7 24,0 33,8 35. 1 36. 4
i
AD 1900 1859 1905 1907 1853 1840 1106 1147 1139
oD 1859 1857 1858 1859 1856 1844 1150 1152 1150
) 1347 1341 1335 1335 1334 1252 1231 1352 1407
L
AD 1248 1247 1247 1302 1259 1323 0939 0934 0939
oD 1216 1255 1213 1424 1324 1513 1125 0936 1125
) 0940 0941 0938 0941 0941 0941 0622 0446 0622
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Comparing the results in Table 2 and the geographical locations of varjous stations, it can be scen
that the daily varjation range \I of geomagnetic total intensity for quict days is related to the latitude
of the station. By analysing the data in this paper, the change factor of daily variation range Al of ge-
omagnetic total intensity with latitude can be approximately obtained and listed in Table 3. 1t can be
seen in Table 3 that the change factor of the range in daily variation of geomagnetic total intensity
with latitude is about 1—2 nT /degree within the latitude extent of 25— 40° studied in this paper.

Table 3 Change factor « of quict day variation range of goo ic total i ity with latitude
Comparing slations California Californin—Wesl Yunnan BE -XG
kT degree ) 2 l. & 0.9

Figure 4 shows the frequency distribution of high-point time H#7(a) and low-point time L7'(b) in
daily variation of geomagnetic total intensity at VR,0C,XG stations during January — March, 1988
with universal time (UT). The frequency distribution of /17 and LT at other 4 stations in Californija .
U.S. A, is fairly the same as that at VR station; that at other 2 stations in western Yunnan arca of
China is basically the same as that at XG station. It can be scen that T and LT frequency distribu-
tions with U'T time at VR and OC stations in California, U. S. A. relatively concentrate; the /I7T peak
value is at 15-—17h UT, the L7 one is at 19— 21h UT. The /IT and L7 frequency distributions with
UT time at XG station in western Yunnan arca relatively scatter; the /IT peak value is at 0] — 03h
UT, the L7 one is at 09— 11h UT. Comparing the abave frequency distribution at the stations in Cali-
fornia, U.S. A. and in western Yunnan area, the differcnce of the J7T' peak values is about 14 h, and
the difference of the L7 peak values is about 10 h. In statistical sense, the difference of high-point
time and low-point time in daily variation of geomagnetic total intensity is mainly caused by the longi
tude distribution of stations.

Figure 4 Frequeney distribution of high-peint lime J7'(a) and low-point time LT(b} in daily
variation of geomagnetic total intensity at VR, OC and X0 stations during January
—March, 1988 with universal time(UT),

Spectral comparison of daily variations in geomagnetic total intensity

In order to compare the specira of daily variations of geomagnetic total intensity at various sta.
tions, the harmonic analysis was done for the daily observation data of geomagnetic total intensity at
various stations during January —March,1988 in the present paper, and the results are shown in Table
4 and Figure 5. It can be seen from Table 4 and Figure 5 that the spectral amplitude of daily varia-
tions ol geomagnetic total intensity at the same station has decrease tendency when the period decreas-
es; the spectral amplitudes with the same period at various stations in the local region are fairly consis-
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tent. The spectral amplitudes at various stations in different areas exist greater difference.
is smalle
Tahble 4 Comparison in spectral amplitudes of daily variations of geomagnetic total i ity at various stations on March 1. 1988 (unit, | 1
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(h) o Sttion yp o B G AG GR OO YO EY  XG BE DO  ED  GA Yl
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Figure & Daily changes in .‘Gp&('],l'&"ll amplitudes of daily variations of geamagnetic total intensity Matsushit
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Table 5 Comparison in spectral amplitude means of daily variations ol get ic total intensity at various stations for all days( A}, Rikitake,
quict days(QD) and disturbed days(DD) during January—March, 1988 (unit. nT) 198
Period(h ) 24 12 8 6 1 3 =
T = B _-— Shapire,’
Days Station . : sk,
AD VR 10, 145, 1 B.743 4 5.64+2.3 2.741.6 1.3+0.9 1.14+0.8 Zhan, Z. .
0c 954 1.9 T R34 5.042.2 2.54+1.8 1.340.9 [0 8 Chin
XU 9. 567 5.0+3. 6 5.94+2.8 274119 La41.4 1341, 1 Zhan,Z..
QD VR 8.713.0 go4-20 1 5341, 8 2.141.0 0.940.6 0. B--0. 3 At
= Zhan
e T2 T 7.24:2.0 1.6+1.3 1.940.8 0.740.5 0.540.3 o
I
X 6. 3421 2.541.86 2.240.9 I.6+£0.8 0. 71-0. 4 0.64:0.3 4
DD VR 15 4:-7.3 9.945.5 6.4+3.5 1.1x2.5 2.640.9 2.041.2
ocC 14. 94-7:4 9.245. 8 6.243.4 4.2+35. 1 2.31+0.8 1.941. 0
XG 134114 9. 55,0 6.8 14,2 4613, 2 3 441.8 2.341.5

Table 5 lists the mean values of spectral amplitudes for daily variations of geomagnetic total in-
tensity at only 3 stations of VR, OC and XG ones duting Januaty —March, 1988 » because the spectra
of daily variations of geomagnetic total intensity at various stations are fairly consistent within a local
region. It can be seen from Table 5 that the spectral amplitude decreases when the period decreases.
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There is difference in the spectral amplitudes at various stations. For quict days the spectral amplitude
is smaller at the station with lower latitude at the same period ( except for T=23 h and 4 h). It agrees
with the above result. '

Conclusion

1. It is clear [rom the above analytical comparison that the morphology, range, high-point time
and low- point time in daily variations of geomagnetic total intensity at various stations are basically the
same within the local extent of 00— 200 km and are different in the large extent of >500 km.
Roughly speaking, the range difference in the daily variations of geomagnetic total intensity at various
stations correlates with the station latitude. The latitude change factor is about 1 —2 nT /degree within
the latitude extent of 25— 40° N studied in this paper. The difference in high-point time and low-point
times during quict daily variations of geomagnetic total intensity at various stations correlates with the
station longitude. It is mainly caused by the time-space change character of gecomagnetic &, field.

2. The resull of spectral analysis shows that the spectral amplitude has decrease tendency when
the period decreases. The spectra of daily variations of geomagnetic total intensity at various stations
are basically the same within the local extent and are different in the large extent.
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