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Daily variation model of the geo-electric field based on
the geo-electric data from the regional
geo-electric observation networks
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Abstract: The planar and time-varying models (geomagnetic index K,<(5) of
the daily variation of the geo-electric field in two regional geo-electric networks
in East China and North China are built up based on the Taylor polynomial and
surface spline function methods, respectively. Then the fitting results are com-
pared and analyzed. The results show that although the geo-electric field varia-
tion is more complex, the models of the daily variation fitted by the two
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methods are identical to each other, and the two model curves are consistent
with the measured sample curves with the variation of time. The two model
curves could be used to describe the measured daily variation on the same lunar
date in other years with the similar geomagnetic index K,. The daily variation
results based on the two models on the condition of a low geomagnetic index are
better than that on a high geomagnetic index. The average model curves based
on multi-day sample curves more clearly show the daily variation features of
geo-electric field such as the twice fluctuation waveform in some day and its
amplitude and the extreme value concentrating on before and after noon. It is
important to establish the daily variation models of geo-electric field for the
different lunar date in the different geomagnetic indices in each regional
network. The models can be used to quantitatively evaluate the quality of obser-
vation data of regional geo-electric field networks, and the geo-electric field
anomaly measured by the networks can be picked up based on these models,
which can be applied to prediction of disasters like earthquakes and monitoring
the changes in the electromagnetic environment.

Key words: geo-electric field; geo-electric daily variation; Taylor polynomial

model; surface spline function model
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Fig. 1 The minute-value curves of geo-electric field in channel NS at the station
Tianshui on September 10, 2007 (a) and on August 18, 2007 (b)
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Fig. 2 Distribution of geo-electric field stations in region [ (a) and [I (b)
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Fig. 3 The minute-value curves of geo-electric field model and measured sample in channel NS at the

stations Daboshe and Yanqing on April 19 and 20, 2012 (on Lunar March 29 and 30, K,=3)
(a) and (c) are the Taylor polynomial and surface spline model curves of the station Daboshe; (b) and

(d) are the Taylor polynomial and surface spline model curves of the station Yanqing; (e, g) and

(f, h) are the measured sample curves of the stations Daboshe and Yanqing. respectively
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Fig.4 The minute-value curves of geo-electric field model and measured sample in channel NS at
the stations Daboshe and Yanqing on March 7 and 8, 2013 (on Lunar January 26 and 27, K,=1)
(a) and (b) are the Taylor polynomial model curves of the stations Daboshe and Yanqing, respectively;

(c, e and (d, ) are the measured sample curves of the stations Daboshe and Yanqing., respectively
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Fig. 5 The minute-value curves of geo-electric field model and measured sample
in channel NS at the stations Xuzhuangzi, Tongzhou and Yanqging on May 29
and 30, 2010 (on Lunar April 16 and 17, K,=5)

(a), (b) and (c) are the Taylor polynomial model curves of the stations Xuzhuangzi, Tongzhou and Yanqin,

respectively; (d, g), (e, h) and (f, i) are the measured sample curves of the three stations, respectively
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Fig. 6 The described minute-value curves of geo-electric field in channel NS at the stations
Daboshe and Yanqing on May 8, 2013 (on Lunar March 29, K, =3) (upper) and
on February 26, 2014 (on Lunar January 27, K,=1) (lower)

(a, ¢) and (b, d) are the described curves of the stations Daboshe and Yanqing, respectively
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Fig. 7 The minute-value curves of geo-electric field based on Taylor polynomial model on July 18,
2012 (on Lunar May 30, K,=1) and described curves in channel NS at the stations Gaoyou
and Haian on 11 July 2010, 30 June 2011 and 26 June 2014 (on Lunar May 30, K,=2)
(a) and (b) are the Taylor polynomial model curves of the stations Gaoyou and Haian, respectively;
(c, es @) and (d, f, h) are the described curves of the stations Gaoyou and Haian, respectively

AR SCALAY 87 P WG A X ekl v, 3 45 3l NS S0 0 0 550 i ST A M e 3 F AR AR R R
I PR R A A48 43 (4 [l A< g H 0T L[] 25 R 5 9 vl 3 H AR AR s 2R, SEbr B 7RIS
b AR PR T IX S8 Bt EW I T8 A UL I K 005 1 28 A 22 0t =t TR A ek B A
M. JFH Tk EW JIIE A 3 H A2 40 . LS55 5 A 30 NS G 25 i 25 R 260005 )
S, FH 2010 4F 5 3 29—30 H CRPI 4 A 16—17 A, K, =5, HE##)HET 6 (B 5a) .
AN 5 & Sh) FFE P& (8 50) Z i Z U R i 2 il ik 7 2013 45 H 25 H P4 A 16
H, K,=5 3D HuHAZRMIIL, HRZERT K,<4 fofEol. HP R b T3 R 2
AN | SR Ak I [ AR T R A 2R A AE 25 S s . TR MR BRSO H
W1 A5 T RO 37 H S AR R FR T 0 MR AR SO H s TR 4521

3 i SER

IO T i i 3 H A2 A (Rt T4 46D 1 7F 52 22 46 v A I 181384 T 20 B o 91 30 Jal T 22
R B B 38 (BRI 1003 53 A B HL AR AR DL 0 5 55 AR S0 | 28 38 22 1t =R it T A+
PR BOE S AN RGNS A5 1F T A i 3 AR AY L PIR 5 SL RRERUA W , PIE
IRy £ i s 18] 4 728 A L P 2 — Bty o BT il 4 5 A A it 4 19 R 25 0/ G/ T H S Al -
AR LD . R A AR TR pil 2 A ] s - 1) 2R IO T il 2 ST R M SR s T L g R AR R
H LB « WG« AR L 35 500 B K YRS AR 92 5 A Al B -5 A {1 6 8 4% o 1 7F i



5 EOmEAE . X UL v 37 A A BT E Y 839

A JE SF AR L PR RL il 2 A S R AR [R) AR P HOJ LT S5 1 SR AR 2 0 il £, ARG
1 (R, =< 4) FHIE S WL 25 0 A5 28 gty 28 5 il e ) i 00 oty 4 22 ) g 2 22 2/ Gt/ T H
AR . ARG RN, X WA 7 ] DL ST AR R AR By 3 H AR R
B I LA R S [ A7 0 s W] 4 03 rh [l A Dy B30T L[] 45 R ARG 18 ) 4% 1 1 S5 I b i 3 H
AL, TV, X PR vk L i 3 H S AR R R DRI A, R
FE IR S — M AR 58 XS b0 B BRI & AR, BT AR R BN ), (HOR
EAUTESEE

= b F, 37 L D00 A 31 B A W I 2D e . R8T 10 Z 4R IFIR] . R & ™)
WL SAT 7 AR ). S U R R R . TR E g B R 2 kR AR
St S B R R A UL Yt H 3 £ L (EL L F 3 i R A K AR E M AR IR A
b s . | N =2 = BB D VR B 78t U BE X f A - A i DYIRIIU i €73 il S e 2
%, INZ i 3 6 AU AR Tk 27 T 22 AR i M i 3 28 k. v DA A 55 %o b Fi, 37 00 00 5 435 It
AT EACTEOY. A SO Y H ARG 0 58 AR R AP I, AXUHESE T ARAR L AR TEIX
WK, =1, 2, K,=3, 4 fl K, =5 W psid 3 0 A LB AL, (HAIF 52 45 Uk W nl DL a7 b e
Y HASARRE AR, X K, <5 Rl K, <<4) I i i s 3 H AR (L AT B ALK 0 s iR, P
I TAERZ AL 3R . 4 5 12 e dl 5r 4 [ b i 37 & I b B3 A 65 0l 45 00 38 7E 45 G 1% R <
(RRETE 1680 T 9 37 H SRR RY i 5o 465 70 7 0 21 4t v, 7 00 D00 5040 o o i 6 45

5T E N AMIFREEAE T O SRR L Ll R A R T ) i R 3 g i T IR B
WF5%¢ (Varotsos, Alexopoulos, 1984a, b; Zlotnicki et al, 2001; BG4, X, 20065 DK
A, 20095 EAEAZSE, 2010, 20135 XIHSE, 20115 HILAE, 2012), {H H A 22 AW
BAIE 1 G 3 B J7 35 R U1 M F 37 H AR AR PR 22 7 A e 38 e H A2 Ak B 8w 500 ik e A%
PRI R R B2 1 B AR PR 37 78 A0 A Sl S 4 15 B, AR ST 45 SRR W1l LUK $tb Fis 377 45 Sl o b Fl,
Yy A AR AT AT O o XA — 5 T A DL SE T AT O R R 3 B AR AN S A A LA T —
5 THT T IE R0 b 3 B AR AR R L AT DAy B AR TR AR A T A T 2 A B U ) B
R o1 26X A D7 vE LSO B 3R 458 . 6 3l il i R G208 47 5 T Be o xf i BRI
Ak B £ i B A ORI A5 4 e R S SR

2 % X #

TWRE, oty ., HEM, £ 1982, FKIK R #Hy IX b 0% 3 B 0 A M A8 Ak 43 A i B g7 ik [T ], sk 2 24 4
25 FD . 711717,

AnZC, Xu Y F, Xia G H, Wang Y H. 1982. Mathematical methods to express the distribution of the geomagnetic field
and its secular variation in local area[ J]. Acta Geophysica Sinica, 25(SuppD) : 711-717 (in Chinese).

TARE  WARME. 1994, RIMBES N Taylor ZIAM BT ] RN HHF5E, 1506): 1-4.

An Z C, Tan D H. 1994. Taylor polynomial model of the geomagnetic field over East Asia[J]. Seismological and
Geomagnetic Observation and Research , 15(6): 1—4 (in Chinese).

EWBE, W, 0 RES, EEZE, LRE, RS, XH. 2013, PEKKZSHE A S HAAKLT] HhBRky)
. 56(7): 2358-2368.

Cui TF, DuXB, YeQ, Chen] Y, WangJJ, AnZ H, Fan Y Y, LiuJ. 2013. The diurnal variation of geo-electric field
along the longitude and latitude chains in China mainland[ J]. Chinese Journal of Geophysics, 56(7); 2358—2368
(in Chinese).

FEEEM . MR RS, R, BEAREE. SN, R, 427 2007, Mg HAREORSELT]. MR . 27 TD - 121-130.

Du X B, Ye Q, Zhao J, Wang N, Xue Z M, Shi H ], Ma Z H, Li N. 2007. Study on geo-electric field daily variation[ J].



5

840 L = i 3T’

Earthquake, 27(SuppD) : 121-130 (in Chinese).

AR, KM, Zlomicki T, R, XIH , LK, BREHE . MEZ. #1E. 2010, 301l Ms8. 0 RERATH 5T ].
Hu Bk B 2F 4R . 53(12) . 2887-2898.

Fan Y Y, Du X B, Zlotnicki J, Tan D C, Liu J, An Z H, Chen J Y, Zheng G L, Xie T. 2010. The electromagnetic
phenomena before the Ms8. 0 Wenchuan earthquake[J]. Chinese Journal of Geophysics, 53(12): 28872898 (in
Chinese).

AR, WO, BREE, XE., FAE, #BA, . 2013, AR A Ms6. 6 HZRTF G M Ak []]. T
R, 35(4) . 827-834.

Fan Y Y, AnZH, Chen] Y, LiuJ, Wang J J, Cui T F, Wang L.. 2013. The variation of geoelectrical field at Pingliang
station, Gansu Province, before the Minxian—Zhangxian Ms6. 6 earthquake[J]. China Earthquake Engineering
Journal » 35(4) : 827—834 (in Chinese).

TR, BRIz 28, AR 5Efh. 1985, ipR¥ A 3La (M. Jbat. B2 ek . 203-254.

FuCY, Chen YT, Qi G Z. 1985. Geophysical Foundation[ M]. Beijing: Science Press: 203—254 (in Chinese).

B AR X, 2006, BT B A W RS R LT ], BRI B . 49(6) ¢ 1745-1754.

Huang Q H, Liu T. 2006. Earthquakes and tide response of geoelectric potential field at the Niijima station[J]. Chinese
Jowrnal of Geophysics. 49(6) . 1745-1754 (in Chinese).

seRLERR. 1954, A JEFELMI. JKATIE, PRERG, sRARWOE. dbat. MU L . 100-236.

KpaeB A II. 1954. Geo-electrics Principle[M]. Zhang K Q, Chen P G, Zhang Z C, Trans. Beijing: Geological Publish-
ing House: 100-236 (in Chinese).

4. 2005, HiA S EEERIM. dbat: 5 RRE : 36-54.

Li ] M. 2005. Geoelectric Field and Electrical Exploration[ M]. Beijing: Geological Publishing House : 36—54 (in Chinese).

2, RREEM, WO MHE . BRZEE. 2007, AR LU &t AR RGBT ). AR, 27 (B D ¢ 103111,

Li N, DuXB, TanDC, Ye Q, ChenJ Y. 2007. Imminent electro-magnetic phenomenon related to earthquakes recorded
at the Songshan station[ J]. Earthquake, 27(Suppl): 103—111 (in Chinese).

A DS, ERH. 2014, M3 2 AR BE I ) S R R B A AT L)), B E AR . 30CD . 91-101.

Li W, Ma QZ, Wang G Y. 2014. Abnormal signal recognition by multi-dipole observation of geoelectric field[J]. Earth-
quake Research in China , 30(1): 91-101 (in Chinese).

X, AR . A50H. 2009, T il 1 466 (8 77 76 A 7 U T R SR L G A AT LT 0. W PEI 4, 29(3) : 28-30.

Liu H, Zhao ] H, Li J. 2009. Establishment of oceanic local geomagnetic field model using surface interpolating[ J].
Hydrographic Surveying and Charting , 29(3): 28-30 (in Chinese).

XVE, kLM, Zlowmicki J. JEAEAE, KM, fRIE, KBEZE, WM, PRZEE. 2011, JLIR KRR T 0% M 18 %S ] B fg 3 48
BT, HoERA) B A4, 54(11): 2885-2897.

Liu J, Du X B, Zlotnicki J, Fan Y Y, AnZ H, Xie T, Zheng G L., Tan D C, Chen J Y. 2011. The changes of the ground
and ionosphere electric/magnetic fields before several great earthquakes| J|. Chinese Journal of Geophysics, 54(11) ;
2885-2897 (in Chinese).

iR, JE/NNE, Ph, ZRE. 2011 AT XU 0% 3 B B TH 51 = 2 Taylor 20007 16 (). sbBk ¥ 2024 ik e
26(4): 1165—-1174.

Liu SJ, Zhou X G, Sun H, An Z C. 2011. The three dimension Taylor polynomial method for the calculation of regional
geomagnetic field model[ J]. Progress in Geophysics, 26(4); 1165-1174 (in Chinese).

SR8 B LA, RS, 2009, SCE M HL I R BT R A8 AL R HAE 2001 4F B Il H P M8, 1 I3 IN BT 5 of i T
[J]. 244, 31(6): 660-670.

Ma Q Z, Zhao W G, Zhang W P. 2009. Abnormal variations of geoelectric field recorded at Wenxian station preceding
earthquakes and their application to the prediction of the 2001 Ms8. 1 Kunlun earthquake[ J]. Acta Seismologica
Sinica , 31(6): 660—670 (in Chinese).

RS, A, SRARLL, SESE, FEK. 2014, 5REEAESA MR IR T X B 3 & AR AR E R B e LT ], M
R AR, 57(2): 518-530.

Ma QZ, Li W, Zhang ] H, Guo Y G, Fang G Q. 2014. Study on the spatial variation characteristics of the geoelectric
field signals recorded at the stations in the east Huabei area when a great current is injected[J]. Chinese Journal of

Geophysics, 57(2): 518-530 (in Chinese).



53 EOmEAE . X UL v 37 A A BT E Y 841

FMETL, FLEMR. 1984, MUl MEIEIMI. dbst. HiRe ikt . 3-95.

Sun Z J, Wang H J. 1984. Introduction to Geo-electricity[ M]. Beijing: Seismological Press: 3—95 (in Chinese).

TR, I, AR, AR . IR 2010, WY MBS RRAE KOULEAT ST ). HhER AR, 53(3): 544-555.

Tan D C, ZhaoJ L, XiJ L, Du X B, XuJ] M. 2010. A study on feature and mechanism of the tidal geoelectrical field[J].
Chinese Journal of Geophysics, 53(3): 544-=555 (in Chinese).

PR, 2 R, WAk R QRS A, BRZEE. 2011, W04 Hb vl 378 R 45 1) S i S 2 2K [0 ). b ok iy 2
40, 54(7) . 1842-1853.

Tan D C, Wang L W, ZhaoJ L, XiJ L, Liu DP, Yu H, ChenJ Y. 2011. Influence factors of harmonic waves and direc-
tional waveforms of tidal geoelectrical field[J]. Chinese Journal of Geophysics, 54(7): 1842—1853 (in Chinese).

. R, XNRG AR, KR, BRZEE. 2014, BREH XA EL]]). ERy B EHR, 575,
1588-1598.

Tan D C, Zhao J L, Liu X F, Fan Y Y, LiuJ, Chen J Y. 2014. Features of regional variations of the spontaneous field
[J]. Chinese Journal of Geophysics, 57(5): 1588—1598 (in Chinese).

HL, 5kE, FREE, R, st ka3, 2012, SO, £ RHRATAO Ml 37 7 W [T ], sk B2 ke, 27(3) .
878-887.

Tian S, Zhang L., Wang J G, Xu X G, Dong HJ, Yao H Q. 2012. Geoelectric field anomaly before Wenchuan and Yushu
carthquake[ J]. Progress in Geophysics, 27(3) ; 878-887 (in Chinese).

BROCHE. 2002, MiBERERES R NOC BERILT]. spEBLA: . DA, 32(7): 576-587.

Xu W Y. 2003. NOC model of the Earth’s main magnetic field[J]. Science in China : Series D, 46(9): 882—894,

BSCHE. 2003, HimGeE( M. dbat. HhRE A . 221-249.

Xu W Y. 2003. Geomagnetism M. Beijing: Seismological Press: 221-249 (in Chinese).

IO, AR, REK. 2008, #Fewh 5w R EREERILT ], MhERY) A HERR . 23(3): 641-651.

Xu W Y, Bai C H, Kang G F. 2008. Global models of the Earth’s crust magnetic anomalies[J]. Progressin Geophysics .
23(3): 641-651 (in Chinese).

ML AR RSB . BT DR, 2007 Kb AR AL S RRAELT ] MR A, 29(4) : 382-390.

Ye Q. Du X B, Zhou K C, Li N, Ma Z H. 2007. Spectrum characteristics of geoelectric field variation[J]. Acta
Seismologica Sinica, 29(4); 382—390 (in Chinese).

Wi, 1957 R HRDELT]. ERY IR, (2. 1-7.

Zeng R'S. 1957. The exploration methods of the telluric current[J]. Geophysical Prospecting, (2): 1=7 (in Chinese).

HE R R 2006, HURR G BRI, MU G 0, 57 2 3. MU G (GB/T 18. 220060 [S]. Jbat: ik
fiR At 1-7.

China Earthquake Administration. 2006. Specification for the Construction of Seismic Station. Geoelectrical Station .
Part 2. Geoelctrical Field Observatory (GB/T 18.2—2006)[S]. Beijing: Seismological Press: 1-7 (in Chinese).

P E AR R, 2008, 5 WL AN & HE R R TR L M I AY L 5 2 ER Sy M3 (GB/T 29.2-—2008)[S]. dbxt: Hi
AL 1-11.

China Earthquake Administratin. 2008. Technical Requirements of Instruments in Network for Earthquake Monitoring-
Geoelectrical Meters ., Part 2: Meter for Geoelectrical Field (GB/T 29.2—2008)[S]. Beijing: Seismological Press:
1-11 (in Chinese).

A NRILFE B LB B R R AL SR, P EEZAERE RS, 2004, 1R G ui LIRS FORZR, 45 2 48
G WUEEWRI (GB/T 19531. 22000 [S]. dbst. Huf% i RLHL: 1-16.

General Administration of Quality Supervision, Inspection and Quarantine of the People’s Republic of China, Standardi-
zation Administration of the People’s Republic of China. 2004. Technical Requirement for the Observation Environ-
ment of Seismic Stations, Part 2. Electromagnetic Observation (GB/T 19531. 2—2004)[S]. Beijing: Seismological
Press: 1-16 (in Chinese).

Varotsos P, Alexopoulos K. 1984a. Physical properties of the variations of the electric field of the earth preceding earth-
quakes, [ [J]. Tectonophysics, 110(1/2): 73-98.

Varotsos P, Alexopoulos K. 1984b. Physical properties of the variations of the electric field of the earth preceding earth-
quakes, I[. Determination of epicenter and magnitude[]J]. Tectonophysics, 110(1/2): 99-125.

Zlotnicki J, Kossobokov V, Le Mouél J L. 2001. Frequency spectral properties of an ULF electromagnetic signal around

the 21 July 1995, M=5.7, Yong Deng (China) earthquake[J]. Tectonophysics, 334(3/4): 259-270.



