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Review on the Three-Dimensional Inversion of Magnetotelluric Data

Hee Joon Kim", Myung Jin Nam?, Nuree Han?, Jihyang Choi?,
Tae Jong Lee¥, Yoonho Song® and Jung Hee Suh?
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FxAE sl gt “ETE]E”]' HolollA HAE Gatel AREEE 71 ekl e Ao Aysd GRS —LF
£ Gauss-Newtond]¢]tt. <] °L7€?E€‘ T Al 7Y FZA Qﬂﬂ/\\_}ﬂ—}”oﬂ W3t BHYgTE Hiehe HYANE

I oy ek wkEA AFEsIEe 331 MT 9ate] A9 Jacoblan PG 77| FE7] wWwol 2 -840l ?}74]7}
Ak, o]HE B4 CGHol -JTFH g3l = 9l M8 CGH-E Gauss-Newton ¥HE9] ZF ©HA|E AR £7] 9]
A ARGETH S WA CoHe BATERY 34 Z—VSX—LE ZHgH} o] CGHE Jacobian FE] ALt &
HE AFPA ) a5 vk F A W) mdyoz AT 5 YA 3a Gate] AHjtsi).

F20{ : 334, MT, 94}, Gauss-Newton, Jacobian, CG

Abstract : This article reviews recent developments in three-dimensional (3-D) magntotelluric (MT) imaging. The inversion
of MT data is fundamentally ill-posed, and therefore the resultant solution is non-unique. A regularizing scheme must
be involved to reduce the non-uniqueness while retaining certain a priori information in the solution. The standard
approach to nonlinear inversion in geophysics has been the Gauss-Newton method, which solves a sequence of linearized
inverse problems. When running to convergence, the algorithm minimizes an objective function over the space of models
and in this sense produces an optimal solution of the inverse problem. The general usefulness of iterative, linearized
inversion algorithms, however, is greatly limited in 3-D MT applications by the requirement of computing the Jacobian
(partial derivative, sensitivity) matrix of the forward problem. The difficulty may be relaxed using conjugate gradients
(CG) methods. A linear CG technique is used to solve each step of Gauss-Newton iterations incompletely, while the
method of nonlinear CG is applied directly to the minimization of the objective function. These CG techniques replace
computation of Jacobian matrix and solution of a large linear system with computations equivalent to only three forward
problems per inversion iteration. Consequently, the algorithms are very efficient in computational speed and memory
requirement, making 3-D inversion feasible.

Keywords : 3-D, MT, inversion, Gauss-Newton, Jacobian, CG
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deGroot-Hedelin(1991) 2 Ogawa and Uchida(1996)= 231
Akl AR FIAE FIAT= HOE o] EAIE sfdsigle
™, o213 712 Sasaki(2001) ¥ Lee e al.(2003)] 28} 3
2k EA A-E-=H et

EdHSe mol] #ste] B (1122 Gauss-Newton o]
o8] kHA BHE Ao RdS mPE T v} 7o) ¥
FEoh

Ad = JAm + Hs. @)

714 Ad[=d - fm®)Je F53A 29 $F379] xolE
Ehll= QX1 E], J& Jacobian ¥, 787 AmE R4 =
EGFA) dejolt, 1o FaAssle dutgos kA
o7 R &7] wfFol| AFAA E(a priori information)l]
7123 AFzAE £ ot o wEA BE gL e
B3¢ Us Haspshs 2dS Fale BAS Qs
21=3

U = IWAd-JAm~Hs)I? + A[IW,Lm* VI + el AmlP]
+ kllsiP. ©))

o714 W, 2 W, & ZH} 28 2 29 roughnessell thEt 7}
ZFX(weight), L= 29 roughnessE 3 3315171 913t Laplacian
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9 AFEEE W0 74 R S FEHOgawa and
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Fale Az B,
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Jiel o | 0
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Hslol] W 7)< HelE SEAL 3 (6)4)

SE(r) = [ Gu(r,r')- [E(r)+8E()]6o(x)dv',  (T)
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o|BZ (7)21& Born Al €8] TR 7o) Vel 2= it
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PRZIA R A7) Wshe
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GH(r9r’) = _T P (10)
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aEX s’ ’ ’

== fV E,(r) E(r)dv, (14)
Z 38 F 9t "RIVIRE 2713 g dnEL (10)
4e Fasw

oH,

o= lwﬂj Eu(r')-E(r)dv’, (15)

olck. o714 AA M x B ATVASAT et eke)
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® WS ] o8 13 29 WA A
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E A7) UF Bre S50 Q) Pkl
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Aol AA=Z AL vk 2oy ZdHdM F2 ghEy
(iterative solver)= /‘}9—”3}’:‘ MT2] 3L EAANA = Aol

d

tl=t}, Jacobian FHL Fok=d] T od mdlg 34 Nua = L
ches g,
Nﬁvd = Nsrc'Npol'Nsite']vfreq- (16)

AN N, = 7 AR ) N (=22 B39 7,
Nue® B2A) 5 283 N, 5= F359) Frolth N, 2

2] A-EF @) 10X 33 A 40, J, M, B
MoVt 12)a 234 A RElEoA BE A3 (direct
solveryS AREEITE o] 74 Bdlg dAjofA ofv] LU 237t
zY Aol nz A=A Pk 88 A7) 9S A sk
EA= T (back-substitution) FFe = A}, o] F-F
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e 0’4Nsite ) Nfreq!
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™ mode-J AFALE sHA BT N,y = 1017] mjE
408y 2}, oA MT# SXH—\:Xﬂ oA Z} REEEA e} A
&35k Jacobian YEE Foke A2 AAH R BErlsol| M
t}. 2#8)A] Uchida et al(2001)°14} Uchida and Sasaki(2003)
£ Ho)2e #2UA ] gk 2Rz YA SHAY opH g
A oA AT A gkslA| 5k BFGS(Broyden-Fletcher-
Goldfarb-Shanno)8 (Press et al., 1992)0.2 734l8l= vhi&
ARSI

amn

CcGHY

Jacobian #He] gt A4S 3] m s Jacobianl =
w3k ZARE 718 8%, COHS 083 8717 Gabio]
Mackie and Madden(1993)°] &Ja) A-go2 Wi 1045} MT
259 321y AAREA CGHol A8 Q A= E A7t
otk shs A8 CGHolE) 3l s e & fﬁ% AHE-3)
+ AS-o}¥(Mackie and Madden, 1993; Farquharson et al.,
2002), B2 b= B1AE CGINLCG)ol2) st Sate] &
g AR Hastshetl AHHE A-#-olthNewman and
Alumbauch, 2000; Mackie et al., 2001). ©5F CGHEZ (34
oluf (hAolA B 9= AN EAE 23T o= obH ER
H v gl

ArMEA e Arg ol 1= sE e positive-definite®]
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™ BEol7] W) BHEA WA CGHOE £ & Yok
| @ CGH-E 22+ O]-F+ Jacobian 3E J AA7F Hadh A
o] ofet Ju} JTo| ojH ¥E] v} FER Jv 2 Jhvito]
gasp| "ot o714 T Y82 HX(ranspose)s 1+
ERATh Jv 2 JTve] AlMEE BE BoA] B 5 9l%ol & F
o g @A £ i Ao mdyog 7 4 gle el o}
Het o5 PHo] oz} HEo|BR w2y HEd E A
oFek & Uth

CG FitilME ZtEae AgsiA £7] 93 4498
717 ¥HEsle] Rdle] £8WE AmE ke A A7 @
vl et olEl 28 e gtk Yushd vjAE ik
M oA g2 wiEES U982 3 o e o=
et Agg $AHHE)7E o 7] wEolt}. Mackie and
Madden(1993)2 CGELZ 5Tl sk & HAFAA.

CGE2 o] Hasloe AR, g72] 7 A gradient)
ARTE AMgate AR R JH wedt Aoge F
)74 ATH (steepest descent)o] AT, o] el HA 2o
A o] Ued] =3 Aoz dHA Uch(Press et al.,
1992). CGH< Bt} 458 FE4E 7 2d W] 5
AL o] 73} olle] BFANERS o] 851 T3 7o)
AR A}

m*) = m® 4 oPp®. (18)

[*]

A7 k= WHEBlS, o 9 2F) A7) (step size),
p(k)= C(k)g(k) + ﬂ(k)p(k-l)’ (19)

= BN, ¢ FHolA A9 preconditioner, gi= 39
AARE UEth H5 = dE 59 Polak-Ribiere (Press
et al., 1992)°] <J&

) (k) (k—1)

(g(k*l),g(k—1)> 4

o 7o) FaiXc}, 2Elal 28] F7] e BE I VA9
A FFE AR e goE A9

NLCGH-& vhEwo]7] afFof H&3k 212 (precondition-
ing)E B3l FHEE 7143818 4= T Mackie et al.(2001)2
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o Al 1843 2 A7} vl HEE A4t 82 ALt
Aldle 9P8E Fah= Ao] ol (WI+ALLy=g&
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xy = (EXZHxl_Eleﬁ)/ D > (AZ)

Zyx (EylHyZ y2Hy1)/D' (AS)
o714

D= Hley2_Hx2Hyl’ (A4)

ojtt. o] AL e Aol o3 AEI WA o
HeEn

pi=1Z; e, (AS5)

¢ = tan”'[Im(Z;)/Re(Z;)]. (A6)
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_X = X —_ X _ X _

a D(Exz (90' Hxl 8 Exl ao. Hx2 (90. nyc)’ (A7)

oz 1 8H OE,, oH,, JE

Zox Zyt =l g 22 5
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9¢; _ cos’¢y 9Z; 9Z;

By 22 (th)[lm( G) tan¢,,Re( ao)} (A1)
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