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Inversion analysis of crustal deformation data
by a regularized regression method of elastic net:
Case studies for the Tokai slow slip event and
the 2011 Tohoku earthquake

Yuta MITSUT', Shunsuke NAKANO?, Shunsuke MORIKAMI!

Abstract We try applying a regularized regression method of “elastic net”, which naturally combines
L2 regularization (for smoothing) and L1 regularization (for sparsity) with two hyperparameters, to
inversion analysis of crustal deformation using on-land GNSS data. For an example of the Tokai slow
slip event in the early 2000s, we obtain an overall consistent solution with previous studies for seismic
moments. The Tokai slow slip event started shortly after the 2000 Izu islands earthquakes, and ended
under screen of the 2004 Kii-Hanto earthquake and their postseismic deformation. For the other ex-
ample of the 2011 Tohoku earthquake, we also obtain a similar solution with previous studies for

seismic moments, but the estimated large slip areas are mainly located near the trench. This point is
far from previous inversion studies using on-land GNSS data.

Key words: Regularized regression, elastic net, machine learning, inversion, crustal deformation, GNSS,

Tokai slow slip events, 2011 Tohoku earthquake.
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Fig. 1. Annual displacement around the Tokai region based on GEONET data. The reference station is Manba, numbered 960593, at 138. 912°E
and 36. 143°N. (a) During a period between September 2006 and September 2007. (b) During a period between December 2001 and December

2002.

WRETLHEBAT—RA) v ARV M EIZRLLIE
EHANRY b RS THE, KEH) tkst 7%y
b3, WIRBEMORERIFT—XIZEENTWE, [ RV
M, 20004F O EGE ST HIE (S8 5O KILE
BZE D), 2001 4F O #RE IR PO HIZE, 2004 405
B HIHIEE, 2007 FFNBIRPBIHIED 4 o2 FE T
5, TN6ITOoWT, BEFAHEEDOL 7y b230
LWL XD UMIEERITo Tz, BMRWIZX, 272y MH
PRGEL, ZORith3 HM$ oz 81 2 BEEHEO FHHE
DENBOELD LI, A 7%y FALUED T — X &4
IEL7:. 7%y FHIZ, 20006£7H 1 H~8H27TH,
20014-4 H 3 H, 20044E9 H 5 H, 200747 H15H~
I6HE LT, 7y T FREUFED A LA 72y b D
FHIE D R IZ1T - 72,

Fig. 1(a)iz, 20064F 9 A5 20074E 9 H @ 1 4Rz
T, &H OREEMED HMED OB U e IR~
FVERT. 1AERIOZENL 7 O THEFBZEE) O 8 I3 M,
BRI N 7 7 oVElR R, R, FEiEOERIRE T,
FEIFVEE S QMBS hTnws, Zhix, B
7 ORMRFEOFE LR OEE H LA A THD,
haihte 7V — MEROREEZEZR LTV EEZLND,
BRI+ o 7 X O Pl o Nk COEMIZ MBI S v, —
75, Fig. 1(b)ITR L7z, 20014E12 A 205 20024E12 A 12
DU COMREN TIE, BT 7 L) ElloNEETIE
EHT E ORMNLENM RO NS,

Fig. 212, Fig. 1(b)D 7 — & 1Tk} U CHRNT %17 - 724
ReFzlwsd =ETNVELT, HAALTV— MERE
PR LB 1, o T VWiIEZ 10BGERE L 7.



12 MR - PR - AR BRA

137°00'E

137°30'E

35°30'N

35°00'N

34°30'N

137°00'E 137°30'E
137°00'E 137°30'E

35°30'N

35°00'N

34°30'N

137°00'E

137°30'E

Fig. 2. Inversion result for the annual displacement data in Fig. 1(b). The red arrows in the upper figure represent calculated surface displacement,
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comparable to the black arrows of the observed displacement. The blue arrows in the lower figure illustrate fault slips.
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Fig. 3. Temporal evolution of moment release rate (eastward). The circles show midpoints of the annual periods represented by the horizontal

bars. The red broken lines exhibit the occurrences of the 2000 Izu islands earthquakes (volcanic activities of Mt. Miyake) and the 2004 Kii-

Hanto earthquake.
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Fig. 4. Inversion result of the mainshock of the 2011 Tohoku earthquake. The black arrows in the left figure show the observed surface
displacement and the red arrows exhibit the calculated displacement. The blue arrows in the right figure illustrate fault slips. The yellow
stars show the epicenter of the 2011 Tohoku earthquake determined by Japan Meteorological Agency. The reference station is Otarul,

numbered 940013, at 141. 031°E and 43. 178°N.
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Fig. 5. Histogram of a in the elastic net analysis for the case of the 2011 Tohoku earthquake.
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