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An improvement of MT transfer function estimates using
by pre—screening scheme based on the statistical
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Abstract : Robust magneto-telluric (MT) response function estimators are now in
standard use in electromagnetic induction research. Properly devised and applied,
these methods can reduce the influence of unusual data (outlier) in the response
(electric field) variable, but often not sensitive to exceptional predictor (magnetic
field) data, which are termed leverage points. A bounded influence estimator is
described which simultaneously limits the influence of both outlier and leverage point,
and has proven to consistently yield more reliable MT response function estimates
than conventional robust approach. The bounded influence estimator combines a
standard robust M-estimator with leverage weighting based on the statistics of the
hat matrix diagonal, which is a standard statistical measure of unusual predictors.
Further extensions to MT data analysis are proposed, including a establishment of

data rejection criterion which minimize the influence of both electric and magnetic
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outlier in frequency domain based on statistical distribution of electromagnetic field.
The rejection scheme made in this study seems to have an effective performance on
eliminating extreme data, which is even not removed by BI estimator, in frequency
domain. The effectiveness and advantage of these developments are illustrated using
real MT data.

Keyword : MT transfer function, Bl estimation, M-estimation, RMP (Rejection based

on Median Power)

29: MT A2dse F3R(AHAN Z2H2E Wi AEL A HAAFAL EokolA
dutdoltt, A A ngHL HEE ZH2E BPL 28 H9A AU Fel EFHo
A 9gx9 FFE FAANZL & Yo, HLP(High leverage point)Zt £ -?—é
A1 (88 Ad)e Ao FF WASA Rtk o] EAE Ay s HLP ¢
43S F423 4+ A+ Bl(Bounded Influence) FAo] AHEJ R, AEFHQY EH2E
HHeg AN e ALIFE AFHE Aoz RuHUY olx Bl FAHo] M-
3L A4 FAd A AHEUoz ARHE 2P FAZHA EASL
L3t 7HFXE FAste Wygelr] ot B dAFeddAe A9y FH AR BI
A&, ol tiEo AAM CARA AAVFY FAH BEEXE o8&
Q9N FuHd WA AN A dFE A2ANE JEE
Aok AdE A JiYe Bl FHo02 AAL § e ARE Fo5s G
Hoz AAste Aoz Azt B dTelA Add 7idy 5849 AAHL
¥4 Az F ARE o] &std EAE AoH.
FR0: MT A2 ¥+, Bl 3, M-+%, RMP(Rejection based on Median Power)
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1. A8

MT (Magnetotelluric) ¥ GDS(Geomagnetic depth sounding) ®AIE Agdo=z
dAste AA7ZY HMEES ARAA S} A AUAEE F2E WHde
Piolt. T AN JARHoz AZHE FrE IAReW, Fie oz
ANNZT A71F Abold] ZuBA, F AGFsoldt. MT 9 AF o HAedss
dudx HAMZE, GDS 9 A g€ EE XA A2 By o @9 4AA
FA9E A71DF (A7 F2d EA WHEA AME FAT T ARG Apold
e AYeArt A9EA dormz FAAL WHoR A@¥gs R I AL
FAsoF . 7‘*%“4“ MT g AHde FH2ASHEIA 7he2 2 Edd 7ke
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A A1 MY g o) S MT IS 34 B30I 9%

oz FAHH AGgdse A4sA Ao SR 517 oJHE FHE 73
zHsit}, & 5o o] A3+e YA F=(Gamble et al.,, 1979) 71H¥3 2 AE M-

g
e o r

2] g
FA W o3 47 B8 SEFHAT A gy ez MT AL F3 AHgHE
Ui 4AFz JIHE M-FHo] 2gdE dhYdolth(Egbert and Booker, 1986; Chave
and Thomson, 1989; Larsen et al., 1996; Smirnov, 2003). L&jy} &9 B FEAd0]
EAstn AFAHA FEo] A FAHME ZHZE EAZZRR) 71HE £33 840)
b A E FANe dH FF AAIH o] AHE FHS] 948t Garcia et al.
(1997 S2AA A7 G Ax %L HAFstE Bl(Bounded Influence) FAH<S
% 8392, Chave and Thomson(2004)& ol & Bot 312 718 -& 7HEsiinh.

Aol AFE PHELS Aud FEol A Fuid AFHA F3 A 2FHE
AFget. 53 AAAJA AAF] A717F o v YA EH2E 33 Bl FHE
AL 29T & Aok o] FAY #HZ EL 2HAE T Bl 34 A4 A HAF
A5 FEHE M A5 g AEste AAE AL FPst= Aot o] E A A
Egbert and Likelybrooks (1996), Garcia and Jones (2002), Jones and Spratt (2002)
Tol AAE HHE AR, Al HA W EF AA e #A Fo 2o FHE AHE
BAFYTH & AFME 7€ AFENA AXNE M-FF 2 Bl 3 ¥HE 383t
o] gteoA SAHHE AXRF EAL 1t A2 AAE FAFE AA G
TR E 1= AYstet EAE FHAd 93 A AolE FHd g AT A9
EA7E derdoln, Ao AZMAFGo] wie w7 wWEe FIol A¥ FIFo =
AGGHE FAE F G& ALE At gebx] 23PN 283 2L 7P E H LIS
A%, ZEdd 9% Aavt A9 24 A JRE Pt d= ARE AR
bl W, FRE AT HaAs FRAERY BRI EIFHL s
s A7t AF 2. ol ARE FHEIHI] HaA £ dFdMe 4
A7 o) FARA EXE vF o2 B AZAHA ZRIE AR AR TFHA HESF e
1€ MEstgch dd 3N 45 € 2848 AF8H] AAl A5 H &3t 1
AT}E FA3.

2. iz Hecl gy

At gel A AEld A8E T Y2 dAHsy] AN s Fed AS(FFT;
Fast Fourier Transform)® 4 4 9 #¥ AW (Cascade decimation)g ZAZ 3+
AMgE e, A YHe FFER 5200403 L3l 8, Vozoff(1986)0) <3t
dutA oz N5 9 e Are Vg xd v /g & Az g BEAT T
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220 71Qdeke A7 AR ok Bzl Zol Fule] AFHA Fedol AAFT
2 558 eUlA 71AR 540 Atk B AFNE o @ ABEe

2 5
A% HaHHn IAAA FARE IS FY FR5 WA Z Aacig

2A14 d 2 As 8o, 71E3S 208t AEE F QAN AAFHAT o] | o
2AY d o AAo] WS 5239, Chave and Thomson (1989)°] 9jstd TY FHF
WeEojA Z B9e] X dddol(Rayleigh) EXE @222, ol 3 slo o
2AY d & AAsIAT

A9 A8 <A AA2 GAE RMP(Rejection based on Median Power)g} B %3511,
Agd YL For 33 AN SFHeR I FRRY ope} FL FAE A=
259 4FE Ha3E F 9t o]} yEo] Egbert and Likelybrooks(1996)%
Smirnov(2003)°] #¢H3t F3]FA] A®(coherency sorting) HHE F3dF ¥ F3
DAl Hgstgich 2 Age 33 $59 Fgo) TFH o] Az Fust
W AL U 49L F8&F ARE xFE e ARE AAF 7ol A0
ol ZAIF & gt Aol FEEA QAT A& B0, FEdol 2AHE
Aol SAE o, A2 FAT A71FF A7 J3A7E A fleng, IFPAE
1ol 7W7h& @& Z3, FolhA 4" & 88 AREA Aol E ot} Y=
AA At ARE EFEA Y Z3| A/ F2 Age AFE Holo, ke F¥AE
Age] AR Fe] g3 FE AFHA FFHol A FRlX =[x L7
AL AIGETE HIANA F YT JHsAel Ws Z2E B oI AFRFHo=R
2 g5 o of gt}

e

i

3. “iaxel 2 ¥ £9
2-AT7oH HEA ALY A2 B RMP 718 e AF =AM 239 84 A8 Jeju-
1, Jeju-2)ol &3t RMP 718 A(Fig. 1, Fig. 3)% ¥ A#(Fig. 2, Fig. )&
BANEQI 258 wg 4L 23 HA FE 7L 45 Gl BFatm gRE
el RMP 7Y & M2 Amse A7FH Ar)Fe I3 A7 Adyom
gAY otE Ao tHFig. 2, Fig. 4). 28y Jeju-2 2 F7] 102 32 99 A% dg
Zs| W27t RMP 71 A4 F Z2asied, ols Wy 23AA} £ 2AYY 578
RMP 7]4lo] 43H o2 AARY] v&o] Yehte 232 B £ A EA& A=
FAA T ZHAA A /1P F A2Ueju-1, Jeju-2)o] HEF A} RE Dol A
ALgse] A4 Ago] LANT, B HO2 A9 sMo] Brtsd e nAFIU
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S48 A0 M-S o) RY MT I35 F4) P4 o1Y A3

e E 59, Jeju-2 A2 A ¢, 10 % WA RMP 719 242 844 ¥ 29 XY
2EdN 4338 ¥ TS ANE 7T o Agel ZsldAl HPe HLsW RMP
71yl el AAY RHESo] APES 24 FAIA 499 Aolm, o] HIHESL
"AG oz ATPLE AFA 7= o 7|d8HA Aok

NEHOR MT SARIAE Fgo] He 8RN Mz Amats A71%7 7|3
Zo P27 §& RolAn ARen, olAL AN Fde) FUHA 7|2 SHo|gh
2 FEe] A9AY T B AF FLo EAFT, ¥ AF wAFoE 3
olge dgol W AA7A 1A Holgks ANS mASY, A4 AL 2AAD
E%E Ve Roln Az Amsts 27137 AR TAAAE B¢ £ Aol
A4 %+ Aok 53 AAA AR NEs} o) 9 vokgt 24 gol A, of 4oL
He gesit. gep old BxolN ZeldA Fd Jge) F8L A4 FuE AT
Ae ARE AR}T Lol 48 AzE Had sl54ol AR 1 A& H50 G
2e ndst .79 |
FREE 159 A4S, TA% L AFAA FeEo] Wa) JFL v 5 Y=
|E A7MAGos Qls) WRES MT 2 GDS BAF A9e A3e Axrd 3
w25 Utk £8 AFHA FLo gepgoz e HLo AnH, IR E
stebste RAE A7 B& AFolth B ATNM A /WL A, BHHOE ABHA
Azol ALHAYY) B PREolH Y RE A2l ds) 34 F4Q RS 55T
& gtk nAe @ 4 gk 2y AFA ASHE RMP 718 0) REdl 3884 deha
2ANY aRe FaASYn, oA FLIWE ALeH LRLAE BEFER
PREY Fus gdold Nz Amsts 2713 AP TadAE Awyos
FHNASE SAFAT. FF SR A 29 THES MT 2 GDS A=o] & AT A
Aed 7ol ALEnha, Feol ek urk A2 HQ olse} o2 g e L Axsh
# 4 e 718l ga BAE AFE Role} 7 WPk

N
Lo
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ALAL
o]l A7 7I3H 718AT4 18RIV EME A TAZAY S L AAAzEA &

N, o Adeg gl on o AL g HFTh

228
FEE, olY7], AT, 8F, 2004, ol BF LN FHE ARG 2 A7) Ao AL
HEA, =R 733 A, 25, 604-614.
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App. Resistivity (Zxy = cirele, Zyx =square)
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Fig. 1 The apparent resistivity (top), phase (middle) and partial coherency (bottom) between
mutually orthogonal electrical and magnetic fields of real MT data, Jeju-1, without RMP
technique. The apparent resistivity around the period of 10 seconds is obviously downward

biased, and over 1000 seconds have somewhat random appearances, especially, in XY mode.
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Fig. 2 The apparent resistivity (top), phase (middle) and partial coherency (bottom) between
mutually orthogonal electrical and magnetic fields of real MT data, Jeju-1, with RMP
technique. The apparent resistivity around the period of 10 seconds is smoothly connected to

adjacent periods, and over 1000 seconds converges on consistent values in XY mode.
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App. Resistivity (Zxy = circle, Zyx = square)
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Fig. 3 The apparent resistivity (top), phase (middle) and partial coherency (bottom) between
mutually orthogonal electrical and magnetic fields of real MT data, Jeju-2, without RMP
technique. The apparent resistivity and phase around the period of 10 seconds show a typical

near—field effect, especially, in XY mode.
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Fig. 4 The apparent resistivity (top), phase (middle) and partial coherency (bottom) between
mutually orthogonal electrical and magnetic fields of real MT data, Jeju-2, with RMP
technique. The apparent resistivity and phase around the period of 10 seconds is smoothly

connected to adjacent periods in XY mode.
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