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*Flood damage in the Mogami River system in Yamagata Prefecture on July 28-29, 2020 by Takayuki Kawabe
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* Prediction of Failure Probability of Cut Slope on Expressway due to Heavy Rainfall via Deep Learning
by Akiyoshi Kamura
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3)
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REM.Z, I, IR, AR, B o0 mT — 22 k-5 < by
DEERIC K 2 EEE 0 0 #H O RERR OFEORA, £ X C (BT, B
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1. I

AAZE O 50%7ZZHEF T EI N TV D, @ AMDAS — )1 (FTHEI|) S AT L @ mimamn
EEE A L g (B i A R R | DS X (@xNT L — ki) | =R
LA AR, KSR M OV AR R B8 A o 72 S ,X
Ty, BEREICER L EEORESEWNT, | L
mo, fEROAEEOKED R EBSHLE ST S S X
FHIMOZ L THDH Y, LrLl, LHEMIEICENT,
IR O FE S X FEWE A K « TR K - TZERK - K
J1%EE - T AKOP L 720, TikopE AT
MLV EPEICEELZ L LT ERLERTH ;
D, BEAKIHRETHD, JELEBICHETIEM o L S S
M2V O HRREE (IPCC, 2014) 1%, 21 fitfd M1 KINFLEKEHE
DR, HFSEHH IR BRI IEEERIC BB
TEFOBEEBENED T D AEEENIEFICE W 2 RE L, £/, ABTOMERKIER L
THMERE 0 B%F 4 ETIXHARBMOBEEBOBWDHEANENZ EXOREBEOL—27 2 1 »
ARRERLS2Y, BEREOE =713 1 DABREELS 25N Z N2 LE2RLTEY Y, KAE
FEENAE D KIGER DO ALK EIRIN B % 5 2 D AREMEZRIB L T\ 5, IPCC RREIT MR
LTWD LD RREEB DB LR, RS KK 3 2 Wil T I o i 263 % x
bib,

R 25 B ) T38RO /K IS R & UKAET 2 HullCd 5, BT e )1 e dak 1 34 [ dui 1)
EFR, AR IICEE 2 ML TH Y DY, FERIIE & B ISHEMAKOMHGZ N L CTHIBRO X
AEPER I ALICEBRL TV 5 O, WK S IXBAENAE T HKERO 5 b, HHH - RENIC
FIAARER K=V F—BEDZ L TH D,

PLEX 0 KEROBLET, AR TEEHKRFORIHEOHEIFEE L W\ 2
%, WS HAKOKEIRZ - 72 F4E61 & L T Azizi and Asaoka (2020) (% Hindukush—Himalaya |11
IR PE 58 > L 7edsk Panjshir JII (FElk mifE 3540km?) Z %4t d L CREEBIORE L TG L=, fE
6 (2010) (ZFBJNME (ki 733km?) 2R LTH U7 ETAEHOVTHEERD D
LaomiaEs, MENRWERE LEBEOWIIREICKT 2 EEKEREZM L, F
7=, A5 (2012) XA EFL % Degree-hour %% VY, AMeDAS O EHEEHET — ¥ % SWE T
T AT ZA T AL 2 AT VSRR IR (ki 4400km?) DR HiK & 85 4 B < fifhr L7z,

* Contribution of snow cover and snowmelt to the river discharge in the upstream area of the Agano River
basin by Satoshi Godo and Yoshihiro Asaoka
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2 AMeDAS HE BB A DBEKE, KR BWERT—4
LapLaed s, PR OZEMOKMBERIZ TDICEB STV, £, Iz KkEHRE
LTHA 2 Hic B W TRBEAB OB LIERE T2 L bEETH D, AT EE)I L
Tk 2 kf 52 & U COKTEER D PR & SR LB T D)1 EHEE (ST, omMmE - il
ETVOMEL LW T 2HE - S0 FS 20T 5,

2. xtZiuisk

R G MR TR IR, IR IR, ERIRO SRS E A8 5 W) ik oo BRI AL E 9D R
ZLEKE (B1) ThdH, KINFLTRKEFKBBHOLENY LA THY, 55 361m 225
1848m, ik fE 1349 820km?, FRIKICIZ KNS ALK LARFET D, KIZ LR E LT
KINA LT, KA L3 LR E 720, PR EIT CHZE K 400m ZFIH LT, KR
7159100 77 kw OEKRFEEEZT-> TV 5D 10,

3. F—FE&vh

AW CHER LT — % (ZERyfEfE 10m) (X CGIS Japan 72> 5, HHIFIHMY A > > =

(Z2 153 fifHE 100m) (T EXEIE W B B L, 22 FRE 200m (2 Y o7 ) 7 L=, &K
BT —HIToE, BE, I, Bk, S, A0S SEI (Automated Meteorological
Data Acquisition System, LL T AMeDAS) ORIET —%, BKET —4%, BT —&, FEEH
T2 WG Uiz, B 2 ICARBFFE O HIR TdH 5 2015 4F 10 H 25 2016 42 5 H & 2016 4= 10
H O GHBAIALE S D AMeDAS HEBBLHAOBEKES L OKERLS L OEEROT -2 &
Y, Fio, KL KET—F =2 LY BEBHIFTOWNGRET — % 245 L, oA -
Vi TV DR E A REE L 72,



13

4. HRFE

AHFGE VLK G U D ARG B & fRAT T 5 T D A BREE - W7 VA Lo, €7 LIk
STV EWET VO S, G A 22 M iEHE 200m A v v = X EIL T,
WL, TR, RHEE A v ¥ 2 EICEHE Lo, ABFECrExk 88 2 2015 4 10 A 225 2016
FESHE2164F10 HNDH 20175 AD 24 L L, 10 HE 11 A 2 7 A EEHE O£
M & Lz, WINREICH T H2HEE - ME0RF G2 EEBMT H27-0ICHEEHR & LT () BiFE
VAL, BEYT UV AOBKBETHNETH D ERE L (i) 2FHE YT U 405G
ZFERL, MEHKCHTIREE - MEORFLEICOWTIN L, 228, 2015 FE025 2016 4F
OF M Z 2016 FFEEW, 2016 05 2017 F ORI &2 2017 FRESH & Rl T 5.
(1) BEH-mEx7 v

BRKET — Z IR D DI B WRTIEZTV, BRI REIE 2°C DL E#BRil, 2°C Rz kS
EHIRN L oo IR B N 72 BN E A & PR 1L & S ORE IR AN K 0 Bk B i &
ER L7z, BEEEIEX (1) K2HVWCHABEMOBEKEEZHEHT D,

%(SWE) =SF -SM (@Y)

ZZ T, SWE FfiEKE (mm), SF (XFE/KE (mm/hour), SM AT & (mm/hour) Th 5,
dtiXFHERFRI MR 1R & L7,
MEEFIREOMEELREHMSEEOSF L Lz, BEHME &% 2.0mm/day & L, FEs &
% Degree-Hour & AW THEE Lz, REME% (2) XiRd
SM=KXT 2

2T, KiFEMRE (mm/°C /hour), TiX0°CLLEOKIR (C) ThHhbH, KURSAMIIIEST —
X L AMeDAS OKIRT — % % A\ TEHAT S BEEEESEIC L0 2N Lz, SRk IR
EOMHEVNLEFE T M EMGE L, 2017 4F 4 H LU T H & OHEE SR A BIHNE & — £
TDHRDITHE LTz, TORE, 2017 FREEZHO@SEREIL 0.12 mm/°C/hour & &E L, 2016
BB OMERE S RO & E L,

(2) WET IV

R E T MR G D A v > = 2 & B EBIC 2E L C, WMIN D& A > v = Ot
ZEHE Uiz, DLFICEMER A R, )RR OHEE O 72 DI ik sy 2 B & B H o
QX BT ATRAT LI 0MAME T T VAL LT, EEE O EEZ Diffusion Wave
%, RHEHEIC Kinematic Wave 75, JEJRIGE 21X BIE0E A V-,
a) T

WJIEE O FEALIE Diffusion Wave 5 & #fi & VN CRESL L 7=, Diffusion Wave 15 & #fi %
(3), 4) Kiw7,

oh . gn?q?
gha—ghl+—7= 0 (3
h3
oh g
E‘l‘a—(R‘FSM) (4)

I, gIFEANEEE, hI3OKEE (m), xi3H T OEEE (m), i (3KEAE, q3m)I#EO



14

HAIER R (m%s), tiXBFHE (s), nid~=r 7 OHERIE (m'3+s), RIZFHEHRE (m/s) TH
Do MEMREITS A v v a O RIS UCERE Lo, TR /o MR B TR BRA R EE
EBEICLED,
b) i AT
FHEE O PRAVTEHE Y & IR O 2 2 E LT, B O 3iiiE Kinematic Wave 1%
Lo, LI H OFEAVTATRE BIEE Z W TEHE L7, Kinematic Wave ¥4 & i O XA
(5), (6) =, WryBI%ik Ldkio Xz (7), (8) KiRTd,

2,2
- gn’q
—ghi+=——=0 (5)
h3
oh @
'E+5§= (R+SM — Ryp) 6)
ds
7t = Rn— @ ™
s = kqp? )

q VT E B H O BAIE L & (m/s), R lXiRFEE (m/s), q,XFEEHH O BATIEE (m/s), Ry,
XiRERE (m/s), sITEMTORFEE (m), qXBERomES (n/s), kEpldirEBEEEOE
FIARECT, k=40.0, p=0.5 &% E L7=,

(3) WABIELE - FiH T T L ORSREEREAR A

AHFIEIXAZERIMFE S D 1 > T&H 5 Nash-Sutcliffe £54% (Nash and Sutcliffe, 1970) (LA F, NS
f2385) 2 AW CORERE L=, NSARELDEA 1 I WVIFE EET AV OREENE W,

5. BRRUVOEBL

KNG BDEAIT O T RAEE K By A 2 B 3 12RT, 2016 B O R AR S K B FHEE X
1A31 D 6.9X107Tm?, 2017 FSWORKEEKEZ2 A 13 HO 12X10'm* TH -7z, 2017
ERESHORKEEKEN 2016 FREEH L KEVHEHBELT, R2ICRLEEEBY 20174
FEEH OBEKEN 2016 FREEH I b RE L, PHREBERNWZ ENEXLND, £72, HE
ORI S 2017 FREZH O H 30 HIZ EEW,

B 4 2 |1 BB RIS D EIREOBIE, BAES TV 4 &2l T U A O )R E o
FHRE 2T, 2015 4F 12 725 2016 4E 5 H O NS 4R%003 0.18, 2016 4F 12 H 225 2017 4E 5 A
D NS FE1E 0.57 & 720, @S HZKEEOR)INE &% + 7 ICHBL T E TnZewy, BEIE L b 2017
FREEMOMEHKIE 3 A THICHEY, SHTHETH 2 AN, BT ML HEE
RS K I O BLAME LS KT L TR 50% D/ M EE Th o 72, Z ORI L TEBET &0/
HWENLSDOBERELEEX LD,

U@ - €7 & vz BEBLE OFHRR B OV TR~ 25, 2016 FHES
OB EIZHT D3 b 5 A ORTEEITHIA ST U 3T 46%% 5, KB RIT 6.7m/s
Lhpotz, BERYT U FOHAE, ¥ 483%% 5D, FHHEIL 5.0mYs Tho7z, BAES T U A4
ERERY TV ADEEZMEORELIRET S E, 3A 5 A L.7mYs a5 L HH SN,
ZOREOWRED 26%% LD, FlRo Y 2016 FERESEITEEEN DR, BHEEED



15

FERNO LEMEBEORMERFE LI TE 2R, —F T, 2017 RS L TiX, BifET T
T THRIEIZR LT3 AD 5 AOREIT 63%% 5D, EHiET 12.5m’s Tho7z, &2
H>F U 2B 0 TIE 36%% 5, R 5.6m’s ThHhoto, BAET TV AL 2R YT
UVADEEMEOFE LINETDHE, 3ANDL S AL 69m¥s NHFEE EHEH S, Z O ObR
WO 55% % HH b, ZOFET, 2016 FREEME 2017 FRESHOKMEVMEOHFGICE LT
IIHEEOEMMARENZ E LIRS T,

6. £L¥

ARWFFEIE, BB BRI E 35 KN X SRR Z G L LT, ol - e s
NVEMEL, MBELKICHTIMEOFLSZFM L, SMARMS - LE7 T3 Ae S
A ORI 2K 50%E/NMEE L TRV, MEHKE+ZICHBETERholz, 4%, HES -
MEETT LB IOMHET VOREER EXARETH D, £, 201743 ANH 5 HOHEIZ
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SRS - T T L OREE A LRI OIER, ERAMREBOREL BB LS K
B EMEHKOELOFMELT S,
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ARAFZE D —HB1X JISPS BHAFE (20K04712, 143 : @i BiE) B L OVISPS " EARHEEDO X
TIZEVFERSINT, ZICHEEZRT,
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and Sectoral Aspects, Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge University
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3) KRBT KRBT HERIRBEL TN 9 &, 2017.

4y BA )2 W)IER, 1993.

5) REEFEFER=ANLX—T: HRDOK)T= X LF—& FHEKIFAE
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A ¥ FXR ¥ 7 Citarum JI| EFRIBROMBER « 5 HAENTIC B3 2 A BT

AARZTEREATER WEFH
HARZLFEREALER BB
AARRFTERFERLEF EMXBRZ

1. [ZL®IZ

A2 RR T TITBWTEMKEREIT %
¥D 1 ST, 2018 D4 H GDP R I
128%% D 5, KA O EEIT VR iR
R Rk, dhKIC L o TEREAEOK TN
FHRENTWS D, Zod, A KXy T
BRI B B2 A RS S 5 0 AT 0] |- % PR . ‘
FoOEERED —> L L THEMEST T, R e o
2012 EFHIEL 0 B ERBEELZ AL, ; i
2015 FRHIEICIE 16 IS E TR LT Ei
L7o. 2016 ARREHITEDN BTk & EET H 42T
DM % BUITHREM T AT SRR & F L
TW5, RBRERBHIEICE > TRFICHESZ 3 O BE, RO 7 23R & Bl
FENT D0, PWERNEZME 2 ICHET DITIEL L OB LS NE2ET L L0 BERES,

AV KR UT T, WEICUK - LEICKDEADBET D, KEABFROEBEKEFEFOE=X
V7B LTI, WY v YO Bojongsoang X 35 1 O Tegalluar X (R 1) %/ 34 & v b
TYT L LT, BAEEOKIKRE=41) v 7 FEORENED LTS, ATHEIZILIEO
KIBE=H D TICHREMEEZEZ BN, FFICvA 7 R VIZEORELZZ I NI £,
5, MEBRFRIIHPOLTHEREZET=¥ VU 2/ T&%, Wakabayashietal., (2019) | Sentinel-
1RO CAY FEKB A L —% 2 W TIWEORAKR A L7z, /7 5 (2020) 1%, Sentinel-
1 BEOBNES 12 B TH L0, NTHEOBMAMAH 5> Fiks LT, “RTEKiE
XA RHER L T DNKILEET V2 W TEWERR A % — L TR Z R L7z, 28l
ML 2ERAKKEI 2L —2a vORAKEERIZELIZEZA, I alb—ra UORKEE
WRHEE L2, ZOFERE LT, =Y 7 2D Ctarum I 2> 5 DI KL O % 5% AR
TEYP, WAKIREZ T CIEERAREZ HSICHBECE W Z2 R LT,

SRAKIOE 2 B F xR o BTN OB RS A e L, Ik &R
KOFENZFHES 2 FIEOMIS, FROBEN - fil - ILERRE —# U TR 3 5 FiER
b5, AWFZEIE Citarum )| B a4 & LT, B - i - LEEEREZ 5 LTl D KR
HrFRIEICIB T, BN - B AT O 2 4 P2 T 5,

Tegalluarit X
Gitarum)1| & )1|
CitarumJI3Z)I1

1 Bojongsong X & & U Tegal luar #h[X

*A Fundamental Study on Runoff Analysis with a Numerical Simulation in the Upstream Area of the Citarum
River basin, Indonesia by Seisuke Kamiya, Yoshihiro Asaoka and Hiroyuki Wakabayashi
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2. xFRHuIK

Citarum JI| D2 FE1TH 350km, i ik i F& 1L 49
6000km*> T & %, ABFJE I H A% A7 o & PH %
Citarum JIl O Eyiitk (B 2) 125%E L7, EARMIC
(¥, Nanjiung im0 EFHKTH S, FRMILD 8
Bojongsoang Hi[X & Tegalluar HX (Z IV TH D B ’ ; . :;::m
FEIZ I 235 T Citarum JIIA3EAL, FZEICIXRAKHE ' Nanjung
ENRRAET D,

R ibig
Citarum)I| )|
CitarumJ1I3Z)I1

3. FRFBEBLIOT—FEY b 9 EHERAT O 5 R i
AWFGEIXIER » W - 0L A —RP9IZH 5 RRI

£7 /L ¥ (Rainfall-Runoff-Inundation Model) % *fZ M| L7z, *RHIgE 1574 v v =

WZaEIL, JEBO TRl L7 R AR AR AR5, & A v v a BHEE S L < ik

WL, WG IR ORISR DBV 5, DUTIC SRR KGR E R,

" on | day  9ay _

@L D at+ax+6y_r f (1)

- S . 0qx | Ouqy | Ouqx _ 5 OH 1Ty

HEH) R (T 1m): v o T -9 @

@@Jﬁfiiﬁ( jil'l'il)I aﬂ+%+avﬂ=_ ha_H_T_y (3)
y at ox ay g ay p

ZIT, u, vidx , yHHOWRIE, qp qiix , yFROWET Ty 7 A, MIKE, HIFKAL,
Tor Tyldx , yHFEOBIWIIRT), riZBENIRE, pld/K DB E, fFIXSMERGRE, (3R TH 2D,
AR EEE R dt=600s & L7z,

RRIFET/WNZ AN T B ET —4% (R3) BLOimT —4# (K4) % HydroSHDES & v Huf5 L
e BT — X2 3R~ v 7 DGSMaP MVK ' 10 % 27 b % RV T=, B 24 K s
VR & 3% CHE LTz, &7 — 2 OZEf 0 fiFaeo.1°, #lllA o % — LI ch 5,
R OB HAMIT20184E9H 7 H20194E5H £ TO9» A TH 5, £7-, LMo & K
W A M54 5 7= 9 12 Bandung i N O #1 FBLHLS O T — & 2 iz,

3 #F5
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4. FERLEBER

GSMaP MVK 7' & 7 s O &% H Ml
LR LR AR b IC7RT, £72, 201948 H %
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Prediction of sediment production in the Abukuma River basin due to
rainfall sensitivity

Edea Loa Graduate School of Symbiotic Systems Science and Technology, Fukushima University
Seiki Kawagoe Faculty of Symbiotic Systems Science, Fukushima University

1. Introduction

Japan's economic activities and population growth since the mid 19th century have contributed to significant
developments that have resulted in land cover and land-use changes. The country is also prone to several
natural disasters, which also significantly impact land cover and land-use changes. Two of the recent disasters
are the Great East Japanese Earth Quake on March 11,2011 (GEJE2011) and the Typhoon-Hagibis on October
2019 (Typhoon 201919). These ongoing land-use changes due to natural disasters and other human-made
activities have led to land degradation and massive soil erosion, which may have significant environmental
concerns especially in vulnerable areas such as hilly terrain areas and the flood plain areas. Evaluating the soil
erosion within the basin environment is an important task that would assist decision-makers in the land and
water resource management and planning areas for predicting future disasters, proposing countermeasures and
monitoring of basin outlets. The average annual soil loss of the basin, together with a large impact event of the
year 2019, was analysed using the USLE equation. The USLE is an erosion model designed to predict the
average rate of soil erosion for each feasible alternative combination of crop system and management practice
in association with a specified soil type, rainfall pattern, and topography (Wischmeier and Smith 1978) [1].
The main objective of this paper is to analyse the Abukuma Basin average yearly soil loss for the year 2019,
together with a large impact rainfall event and map out an impact map with based on sub-basins and evaluate
the soil production factors and make projections for future soil losses within the impacted sub-basins.

2. Study area

The study area is approximately 5390 km2 of watershed area and a total river length of 234km which
runs from Fukushima prefecture to Miyagi prefecture (Fig.1). Abukuma River Basin is the second-longest
river in the Tohoku region and sixth in the whole of Japan which consists of a mixture of steep and flat
conditions with irregular changes in surface water runoffs and soil erosion. It collects its water from the
affluent in the high mountains and discharges into the Pacific Ocean. The basin has some small to
medium-sized metropolitan areas which are scattered across the study basin.
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Fig.1: Study area

Keyword : USLE, vegetation, landcover, rainfall sensitivity, soil production.
Kanayagawal, Fukushima city, Fukushima. Fukushima University
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3. Methodology

The widely used model for estimating soil loss referred to as the Universal Soil Loss Equation (USLE)
was used to analyse the mean annual soil loss in the study area. The equation uses the product of five (5)
different factors as follows;

A = RxKXLSxCxP (1)

Where, 4 is the mean annual soil loss per unit area, R is the rainfall erosovity factor, K is the soil
erodibility factor, LS is slope length and steepness factors respectively, C is the land cover management
factor and the support practice factor denoted by P. The rainfall erosivity factor (R)is the rainfall erosive
force specifically for all the rainfall events in a year. The R-factor derived from 60 minutes rainfall
intensity developed for Japan conditions by Hosoyamada & Fujiwara, (1984 a) [3] was adopted to (Eq.
).

R = KE x I, ©)
KE = (916 + 331) x logyo I) x 0.753 3)

The soil erodibility factor (K) is the measure of the susceptibility of soil particles to detach and
transport due to the impact of the raindrop and surface runoff. The K-factor for this study is the average
value from the standard experimental results of sediment model user guide. From Clay to very fine sandy
loam with the average K value of 0.78. The LS-factor (LS) or topographic factor is the combined outcome
of the slope length and slope steepness represented by L and S, respectively. The LS-factor for each land
cell may be evaluated using the equation derived from Moore and Burch (1986) [4] was adopted (Eq.

4)):

4

: 0.4 : 1.3

Flow Acc.+Cell size Sin Slope

—) X (0.0896—p) 1.4
22.13 0.0896

Ls = (
The C-factor (C) is the crop or vegetation management factor. It represents the ratio comparing the
soil loss from the land under a specific crop and vegetation to the corresponding loss from the standard
soil plot. The C-factor was determined from remote sensing data. The Normalised Difference Vegetation
Index (NDVI) (Eq.(5)) was used to produce the C -factor map:

__ (NIR-Red)
NDVI = (NIR+Red) ®)

The method proposed by Durigon et al. (2014) [5] was used to estimate the C-Factor map (Eq.(6)).

C = (—ND2V1+1) (6)

The support factor denoted by P is the effect and impact of support practices that reduce the amount of
erosion. In the study basin case with huge natural forest catchments, urban centres where these practices
are not done; hence, P's value is kept as 1.0.

4. Results and discussions

From the analysis of each of the USLE factors, the average value for the R-factor in the year 2019 was
3,639 ton/ha/hr/yr (Fig. 5). The R-factor value from the impact of typhoon192019 was obtained as 2354
ton/ha/hr/yr. The K-factor value was obtained as the average value from the standard experimental results of
sediment model user guide with the value of 0.78. The LS-factor in the study area ranged from 0 to 115, with
the average values of 0.26. The C-factor values for the study area ranged from 0.16 to 0.62.
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Fig.2: R-factor Map (2019)

From the soil loss analysis, the average soil loss volume for the year 2019 was estimated to be around
5.6x10’m?. The impact from Typhoon 201919 alone on October 12, 2019 is estimated to an average of
3.7x10’m>. The average soil loss based on the annual soil loss and the impact of the Typhoon 201919
indicate that Shirashikawa (78,775 ha) towards the northern and downstream end of the basin produced
the highest soil followed by Yashirogawa (43,563 ha) and Abukumagawajoryi (30,954 ha) sub basin
towards the southern end or the upstream sub-basins (Fig.3-Map A and B). The main factor contributing
to the high volumes of soil losses in these three basins is due to the larger catchment areas compared to
the smaller catchment. The soil loss impact map Fig.3-Map C was produced from dividing the soil losses
of each of the sub basins from the Typhoon201919 impact and the potential average impact. The results
indicate that Uchigawa (10,703 ha), Nigorikawa (3,479 ha), Omorikawa (1,933 ha) and Hirosegawa
(23,968 ha) were the highly impacted sub basins from the Typhoon 201919. These impacted sub-basins
are located towards the mid to downstream end of the Abukuma basin (Fig. 3-Map C). The average soil
loss projection shows that by year 2050 Uchikawa will have produced an average of 4.7x10°m? by year
2050 (Fig.4). One of the major causes of which has caused the more significant impacts are due to the low
NDVI and land use changes, and the geographical steepness of the sub-basins observed from these four sub-
basins.
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5. Conclusion

The USLE model was carried out in the GIS environment to estimate the soil loss in the Abukuma
River basin, Fukushima Prefecture, Japan, for 2019. The results of the estimates of a potential rainfall
erosivity impact and the impact of the large impact event (typhoon 201919) erosivity impact were
analysed to identify the impact of the typhoon on each of the sub-basins. The soil loss production is
generally caused by the naturally occurring agents such as the climate, topographical and land use
characteristics in the impacted sub-basins were studied. Apart from the naturally occurring force behind
the soil loss processes, human activities also contribute extensively to accelerating the process. The
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outputs of this study were based on historical and with limited data inputs. Further studies should be
carried out to verify the model in terms of site survey and confirmation of the land surface changes.
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Long-term morphological evolution of the Volta-Delta River mouth in
Ghana using satellite images

Stephan Lawson!, Nguyen Trong Hiep?, Hitoshi Tanaka®
Abstract

The Volta-Delta River mouth at Ada, Ghana drains one of the largest river basins in West Africa.
The river mouth sandspits have undergone enormous morphological changes due to both natural and
human activities. Before the construction of a groyne system from 2012-2017 on the western side of the
river mouth, cyclic sandspit elongation and breaching events were observed. To fully understand these
cyclic events, satellite imagery from Landsat, Sentinel-2 and Google Earth were acquired from 1984-
2020 and analyzed to depict the morphological processes occurring at the river mouth. The study
examined the river mouth morphology before and after the construction of the groyne system.

Keywords: Breaching, Elongation, Erosion, Groyne system, Sandspit, Volta River mouth.
1. INTRODUCTION

Globally, deltaic coastlines are subjected to alarming rates of vulnerability with respect to erosion
and shoreline retreat. Human engineering works in the drainage basin of deltas have influenced the
destabilization of deltaic coastlines by impeding sediment supply to these areas (Syvitski et al., 2009).
The presence of well-developed sandspits at the mouth of river deltas provides massive benefits with
regards to urbanization, floodplain inundation prevention and biodiversity which requires the study of
changes ensuing at such locations (Pradhan et al., 2015). Inadequate studies in relation to morphological
changes at river mouths exposes them to huge vulnerabilities.

The Volta River mouth is geographically located at Ada in the Greater Accra Region of Ghana
between latitudes 5°46'15.06" to 5°46'28.44" North and longitudes 0°39'46.03" to 0°41'31.46" East. The
river mouth drains the Volta basin with a catchment area of approximately 400,000 km? and a total river
network of about 1,500 km (Fig. 1(a)). The river mouth is characterized by two well defined sandspits
which are highly morphological in nature (Fig. 1(b)).

(b)

Volta River Mouth

oo

e
- s OUIF OF, @uiﬂea

Figure 1: Map of study area (a) Volta River basin (b) Volta River mouth, Ada, Ghana.
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Upstream of the river mouth are two hydro-electricity dams which have influenced the reduced
river discharge and sediment load by 23.23% and 92.32% respectively (Amenuvor et. al., 2020). Another
engineering structure in the vicinity of the river mouth is a groyne system on the western side of the river
mouth which was constructed between 2012-2017. The groyne system protects a total stretch of 16km of
the coast against the intense erosion rates and displacement of coastal communities (Roest, 2018). Before
the two-phased construction of the groyne system, erosion rates were estimated at about 6m/year which
justified the urgent need for protection measures for Ada and its environs (Bollen et al., 2010). The goal
of this study is to analyze observed morphological trends at the Volta River mouth using remote sensing
images and highlight the driving forces for these processes.

2. MATERIALS AND METHODS
2.1 Data Collection

In this study, historical satellite imagery was acquired from Landsat (5, 7, & 8) and Sentinel-2
satellite missions from 1984-2020 which served as the main source of images. These images were
supplemented with Google Earth images to fill the no-data gaps from the Landsat and Sentinel-2 sources.
A total of 164 images were acquired for the study period and used to perform the long-term morphological
analysis. The Landsat and Sentinel-2 images which originally have a spatial resolution of 30m/pixel and
20m/pixel respectively, were down-sampled to 15m/pixel and 10m/pixel respectively using bilinear
interpolation to improve the accuracy of detected shorelines (Vos et. al., 2019). Furthermore, the
resolution of supplementary images from Google Earth were 2m/pixel and 20m/pixel. A summary of
images acquired for the study are presented in Table 1 below.

Table 1: Details on acquired satellite images for the study area.

Image Source No. of Images Resolution Down-sampled
Resolution
Landsat (5,7 & 8) 50 30m/pixel 15m/pixel
Sentinel-2 80 20m/pixel 10m/pixel
Google Earth 34 2m/pixel & 20m/pixel -

2.2 Image Processing

Shoreline detection was carried out using two approaches for the main and supplementary sources
of images. For the Landsat and Sentinel-2 images, the water-land boundary was defined using the
Modified Normalized Difference Index (MNDWTI) developed by Xu (2006). The MNDWI values range
between -1 and 1 with negative values corresponding to water pixels and positive values corresponding
to land pixels. In the case of the Google Earth images, all images were rectified into a single coordinate
system (World Geodetic System-84) using an affine transformation with the baseline 271 degrees from
the North. The shorelines were then detected using the difference in colour intensity of the wet and dry
sand.

2.3 River Mouth Sandspit Analysis

To conduct detailed studies on the morphological evolution of the of the Volta River mouth,
quantitative analysis was conducted using the acquired satellite images. Parameters of the sandspit used
to achieve this include the alongshore coordinate of the updrift (x;) and downdrift (x») sandspits and their
corresponding y-coordinate values (y; and y» respectively). The areas of the updrift (A1) and downdrift
(A») sandspits were also defined. Definition of these parameters are shown in Fig. 2.
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Figure 2: Definition of sandspit parameters used in sandspit analysis.
3. RESULTS AND DISCUSSIONS
3.1 Pre-Groyne Construction Morphological Trends (1984 — 2012)

Visual inspection of remotely acquired images in the pre-groyne construction period gives an
indication of the morphological processes at the Volta River mouth (Figs. 3 and 4). As shown in Figs.
3(a) and 3(b), development of the western sandspit (updrift) is sustained by the accumulation of the
longshore sediment transport and elongates in the eastward direction. This confirms the direction of
longshore sediment transport coming from the west to the east and makes the western sandspit the
dominant sandspit at the river mouth.

Upon reaching an equilibrium length, the western sandspit undergoes breaching events which
leads to the transfer of sediment from the breached sandspit to the eastern sandspit (downdrift) and other
downdrift areas (Figs. 3(c) to (d)). Once this cycle ends, the natural morphological process is repeated
(Figs. 3(e) to (g)). This natural process has been halted through the stabilization of the western sandspit.
This was done by the construction of the groyne system to ensure efficient tidal exchange, facilitate
navigation through the channel and trap the incoming longshore sediment transport to alleviate the intense
erosion experienced at coastal communities around the river mouth.

2002-05-09 Landsat-7

s

(b) 1987-01-23 Landsat-3 2005-12-01 Google Earth

1989-12-01 Google Earth Google Earth (g)

1999-11-09 . . Landsat-7 2012-12-01 Google Earth (h)

Figure 3: Pre-groyne construction morphological period (1984 —2012).
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Figure 4: Volta River mouth shoreline variation (1984 — 2012).
3.2 Post-Groyne Construction Morphological Trends (2013— 2020)

Figures 5 and 6 show a change in morphological trends from the pre-groyne construction period
with the most influential factor being the presence of the groyne system. Figures 5(a) and 5(c) shows the
river mouth sandspit conditions after the first and second phases of groyne construction, respectively.
Owing to the stabilization of the western sandspit, the formation and landward migration of shoals in the
ebb delta is observed and its subsequent attachment to the eastern sandspit (Fig. 5(b) to (f)). This
phenomenon has led to the intrusion of both sandspits into the estuary area of the river mouth.

Landsat-8 Sentmel-2 (d)

__ /i

(b) 2016-09-19

Sentmel-2

Sentmel-2

2017-12-05

Sentinel-2
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Figure 6: Volta River mouth shoreline variation (2013 — 2020).
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3.3 River Mouth Sandspit Features

From the quantitative analysis of sandspit properties, a detailed explanation of the morphological
processes at the river mouth can be performed. In Fig. 7(a), the elongation of the western sandspit is
observed up until a maximum length of x; = 9672m (1988) where the sandspit was breached (BR-01).
This cyclic process was once again repeated with the sandspit elongating to a length of x; = 5013m (2008)
where it was breached (BR-03). With respect to the eastern sandspit, it is observed that no appreciable
changes in terms of elongation trends occurred making it the non-dominant sandspit at the river mouth.
However, a breach (BR-02) occurred after reaching a length of x, = 2810m (2003) (Fig. 7(b)).
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Figure 7: Alongshore x-coordinates of updrift and downdrift sandspits.

Analysis of the alongshore sandspit y-coordinates (y; and y») revealed sandspit intrusion trends
in the post-groyne construction period (2013-2020). As shown in Figs. 8(a) and 8(b), intrusion of both
sandspits into the upstream section of the river mouth can be observed. This trend may tend to pose
futuristic problems such as narrowing of the river mouth and hence, leading to an inefficient tidal
exchange between the estuary and the ocean.
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Figure 8: Alongshore y-coordinates of updrift and downdrift sandspits.

The final quantitative parameter investigated was the area of sandspits (A and A»). In Fig. 9(a),
the area changes of the western sandspit follows a similar trend as the elongation trends which further
supports the dominance of the western sandspit at the river mouth. Pertaining to the eastern sandspit, its
unstable nature is depicted in Fig. 9(b). This is because of the deposition of sediment from the western
sandspit when breaching events occur. This condition also leads to the formation of a small lagoon on the
eastern sandspit.
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Figure 9: Sandspit area changes of updrift and downdrift sandspits.
4. CONCLUSION

From this study, the morphological evolution of the Volta River mouth has been outlined by
utilizing freely available remote sensing images from 1984-2020. Analysis of river mouth morphological
variations before and after the construction of the groyne system was performed. Results from image and
sandspit analysis showed the natural morphological condition of the river mouth from 1984-2012 where
the dominant sandspit was characterized by elongation and breaching events. After groyne construction
(2013-2020), a new trend of morphology was observed with both sandspits intruding into the estuary.
The sudden change in river mouth behaviour clearly highlights the response of a river mouth sandspit
when the longshore sediment transport is trapped through engineering activities.
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*Study on river run-up of tsunami at the Shirayukigawa River in Akita Prefecture by Junya TANIGUCHI,
Kazuya WATANABE, Noritoshi SAITO, Takanobu KAMATAKI, and Hitoshi TANAKA
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*Influence of tsunami run-up including sediments to river on a structure by Shunya KODACHI, Takanobu
KAMATAKI, Noritoshi SAITO and Kazuya WATANABE
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B 0> LI 85 S o0 S (Lacy B )W B\ T T O Fs A Bl Sz, EHECTH DR HI1E
BESEA KK E E TREL TV DIETEDR, BEREOREIKELFICRON TN D Z LAREN
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*Numerical simulation of tsunami using a new bed shear stress calculation method by Ryo NISHIWAKI,
Hitoshi TANAKA and Nguyen Xuan TINH
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*Measurement of wave force acting on drifting objects using a pressure sensor by Daichi ISHIZUKA,
Noritoshi SAITO and Kazuya WATANABE
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° o 20 40 60 80 100 120 ’ o 20 40 80 B0 100 120
B t (s) 5l t (s)
-6 FERFER OKALZE & T))
4. FMEFE

RERRI ERR OFER 2 4 L1, SR EmIckT 5
I B O F 8DV T ORMT FIE O MR 21T - 72,
%ﬁ%&iﬁmw%%%ﬁwfﬁb TR 218 D 7t
Z¢ - BEAlCHE I TE R R E A v, P K71, i
m%ﬂmmwﬁmiwﬁﬂsux%ﬁﬂbt%ﬁ&~

Z2ICBITHV I a2 b—ya UERETRT, REEERO
KEEKE ISR L TR D, KAZED EREIF Y
FEAL TRV, KR JEBRiE 5L & KA 28 % Phig
Bl KPEDDEICIRSTWDZ ERbnoTz, T
L L BAZER 3T T nZ L RRETE &
Bz oibdn, RIZRT X9, HEEBRIOEF
AR E RS THALTWND Z E PR TE 7o, R ZZEALEBICED T2 2R 2D F
im%’ﬁéﬂfﬁo,:@*&#& BT 2 = L—v 3 B I EA G EO MR

W EICEBEL WA EEZLNS,

X-7 I alb—va U fER

5. BbYic

KRBT FEERIC KV, Gl IS S E2E U7 O ITR - PAZE L QS FEE 2 iisk L, &ff
BN 2 BT 0 2 LN TE T2, F£iz, LB OZEE) T 5 KAL) ) 0 28401 B
HAMETE, BBV I —a LT, HRZE LY - AR X2,
IREEAR SR O BT I IZ B DR - 7272, A% O E L TR ZFIT 20,

6. BZEIMR

1) BpEAnds, BERER, IR, AT, mal BT EEOREE ¢V o B m A E Y Tkt
T EIANE ST BT D SR, ROR TR SCAE B2 (R L), Vol. 76, No. 2, p. 1_301-1_306,
2020

2) EEEST, RO, FEE R, NUERE, &7, HARREE, MEER, maFEL
%ﬁ%@mﬁ%%ﬁbtﬁ@%%&’%d<%ﬁmwkmmﬁ,iﬁié%ﬁ%Azmﬁ
J17%), Vol. 71, No.2 (SH71%Fm 345 Vol. 18), p.1.203-1_ 212, 2015
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—a2—INVXy NU—2 2R LBF—FR TEBOBREEMRTH

ILRTRZRFFe IR LRI R 2T SER B BR
SLRTRZE A #&—

1. XL®»IC

AARIIHEIC LD Z OELZ T CEHRAAEROMBEECTH L, HEIC LD EED OB
ELRFANT ABITIE, MHEMERENEEERIC L > TR Z b, BEENLZMDL 2 LNE
EThD, LPLAERD, ~RICEFEMOFREFNR LD Z LIRS TIER <, JFH-5 (2011)
T CRHREFREZHET 22 L 2RH_AETWD,

FH B (2011) DOAFZETIE, BEENRD D> CTVWHREDGE & AR ELEDOEH % ik
THZETHERZHINL TNV ZEEZRELTCND, ZOEE%E AL ILEZXWHWZDZ 252
oo DFY, RFRETIEHER ISR THRER =2 —J V%Y NU—27 %AV, @EEDOIEIRFL
NOBEFERE I E TRIT2ET VERE L,

LosL7edn, MRy b — 7 3AMERELS, FicTiE CuEnE) o=y h
FIZOWTIHEETH D, F2, AT A—FPFERICHGEZDEL 0 v, £ 2T,
AR TITET, BoONTDHT— X2 THALZET VEAMEL, ThriLRE LT, A
NNTA=ZEWET LN FIETETVEMER LI, JFETHRIEOL=y MIOEEL M
L7,

.e -;O—;f,(;)

kEHO2Z b

e i S A )

u®

X; |—» cee
.

s jRHOaZY
x=| Xq |[—» LR

.
Xp _..4...

O s
Bk Bi-1rd B BLE

L

A1 FShsE kg

M1 BEMN=a—Fxy T —2 (GKFE2011))

2. T—H DLHE

ARBFFE TR 25 (2015 4F1E) OILRTRFH TEMMERREFR OB RN L L TR
WREENIRE LT — X 2 H0Wiz, BN, REES A b [@nifty REFE] 2F]H LT 2015
9 A5 2015 4F 12 AW S T, SRRGAT, BEREST, KERPA
TDOZSOHBDEET —Z ZNEL TWD,

T—F %y MREUT 270 TH Y, WERRIZEF RN 82 1, @B 77 £, WA 11 T
Hh, T TIFHEZBICOWTLUTO 23 IHA 2, FFEELZEEL TW\D, BT4 - #ELE -
RREEGLAES - BB - M RT - A IERT - G - PR - SNBE - BT T JERIRN - XB T —
*A Neural Networks Model for Predicting the Age of Housings by Pan Jiangjie and Shunichi Kataoka
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D - BIROIZIR - B - FIOFHE - EOEOIRDL - BOFHE - JLFEN R 2208 9 ) - S 8E
DOt~ NEBEDFZER - BOT v O - KN - ERKD, 2B, ETOEETIOHAENET
G375 TV DR THE,

F =2 D) BHBOKE, FBERSHLRVWI E (RH) & CIEF E L THdEb L
oo EDIL, =2 —I 03y NT—JETNVICANTHECIE, 7—X% O8fE% 0~1 O
WMDDLZMENRHLDT, UFOHNICEY, T—XDOESLEITo 7,

X—Xmin

Y= ()]

Xmax—Xmin

2T, X IIT =X DMETTMNRATD max, min 1IN KIE L B/MEEZEWST 5. £
7=, YIZEHIbESnT=T —ZTh 5.

3. EHET L OEBE

I s T IS R O “neural” Ny =Y EHAWTHEEETAEAESRE L, HWO¥IEX
BEMOMBEMENKELS LD D Z LI LB MEELEFEICEH Lz, T, 1971 4
L U RN, 1971 4FE 5 1980 4, 1981 4ELIRED 3 K4y D3 MAEIT VT2, IR TH 1981 ALK
EENE VIO XIFIIIT VN, Z2T, 3 XKOONENARENORF b ED, LD 4 X%
— Y DETINVEERL, ETIVEOESZ BT L,

- AJEEEE), hEEa =y ME3, 21X (LU, O2N3)

- ANNJEERER), g =y M4, U2 X5 (LI, 02N4)

-Aﬁ?@;ﬁ% HE==y I3, H1E3 X4 (BLF, 03N3)

- AfEEER), B =y M4, W3 X5 (BLF, O3N4)

HEE BIZ20T, 2 KA DEE, 1980 FLLRTZ 0, 1981 FLIE % 1 & Lz, 3 KAODEH,
1970 FELLRITZ 0, 1971 5 1980 £ TA 0.5, 1981 FFELIk %2 1 & LT,

F, 2210 HOT — X205 180 HEzFEHAT—2 &L, VD W0 EHOT —X%ET /LD
FHEHT — % & LT,

4. BT NVOFEMITE
=T INOREIL, WX TR EHHfEGTEE (MAE) & “F T HREZE (RMSE) KO
Xl 2 (/R 9IRFIATF 0O IE iR 2R L B TR L 7=,

MAE = Zi=1|Zi—37i| )

RMSE = [EIE )

ZIT, ypiEBOTF—Z IR A BMEROM, paiEEOT —Z 2B 5 BIEK O,
nT—H4ETH5H,
F 7z, REATHIOIEMER BRIk TcEIND,

TP+TN

sy — oIy
IEﬁ£F+ TP+FP+FN+TN (4)
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=" (5)
¥+ Al
1 0
ES 1 TP FN
i 0 FP N

X 2 JE[FATS

5. EFNLOHE

FEMR MR T D202, HEMESOEL x s, FEEOET VO TEEL y e =
v ML, B3R T, K3@), OISR LEZ 2 KaET /AT, HAME 0.5 KLzl LT
KT iuE, SERTIEARWD, HBITE D 2N nD, 3 XKOETI/VTIE, 1970 4ELLRT & 1981
FELIE O R Gr OFIBIREEE L =023, 1971 4205 1980 4F £ TORGOHFIEEIXH E D B 72
W, F7o, FRIB2=y MME3 OETNMCHST, FE2=y ML 4 (EnEThb), d) O
ETND T BN LD 2L 72D,

1 1
[}
0.8 0.8
L ]
0.6 0.6
0.4 0.4
0.2 0.2
[}
0 0
0.5 1 0 0.5 1
(a). 2N3ET N DOFE T — 2 FAHEDEHHE (b). O2NAEF N DFEZ T — 2 FfEDHHE
1 1
L ] o
0.8 0.8
[ ] ¢
0.6 0.6
04 04
L
L
0.2 0.2
L ]
0 0
05 1 0 0.5 1
(c). O3N3ET N DFEZF — 4 FREDHTRE (d). 03NAEF N DFET T — % FMEDHHE

X 3

FE R ORI
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FEISVEMREEZR LIORT, FETNVOEET—% (FF O Train) @ MAE (347 0.1 KL
WIZILE->TEBY, FHIIEFHCTH-7-, Z22C, RIFT—ZIZHEM L, ZOFERLE1IC
FHENTWVDN (FEHFD Test), 3 KHOET /LD MAE 3 2 KAET /LD MAE LD /h&EW, 5
FU, 3 XKGETNOFDEFETCHREE THTESLEE25, £72, 3 KET /LD RMSE
FRAE, TEEI=y FEAE 3 L LEEETL (03N3) DA 3 L LZEF/L (02N4) LY
INEL RV RD, &5, KARIZ LRV 03N3 1F 03N4 K 0 A ERNHIZ < W &N ho
oo 0B, 2 RKGETINE 3 RKDETADT =Xy b (MAHT—%) BNRR57=%, RMSE
W' T VOB O Y T,

£ 1 FET—F KOMFET — % O MAE & RMSE

Train MAE Train RMSE Test MAE Test RMSE
O2N3 0.07805 0.24037 0.28089 0.51524
O2N4 0.02869 0.15000 0.26769 0.50144
O3N3 0.09503 0.17966 0.21214 0.33085
O3N4 0.07424 0.14046 0.22389 0.36619

BAET — X 2B D IEMREBUREZ R LM RE2 R 2 I8, E0D, 2 KOETLO
EFRHEN 70%LL B2 0, 3 ROETIVOIEMER 64%RAEZIZE EE-STND I ENGND,
—J5, 3ENETADBIREN 2 KSETFTLDENRLY ELR->TEY, FHiZ O3N4 ORURE
MI0%EZ TW\5,

F£2 RIET —XIIBITDET VD IEMER & HURE
IFff [OR9E
02N3 0.71111 0.77419
02N4 0.74444 | 0.74194
O3N3 0.64444 0.79032
O3N4 0.63333 | 0.90323

LLEORERZHE 2 3 KaET VO ATRE & ¥l L7z, WETIIhHEL =y MU
TOMFIT O OO, SRGETNVEZURT LI LT (UUTFTEIMHET VLIRS,

6. FHEBROBERVPET LOKE

WHIEFT A OBAZLEIL 16 M 572, FiRD L2 bRETHDN> TWVBERTIER,
Fz, FAREBNIIEAR RN D LEEZEZONA D LEENTND, S HIZ, WAL N V7
WHBHEIIRS 1 Z 70D, LEDZ enb, SBEREZHRGT 2 &2 &Ic, & irE
2DEHITHFEZ LI T N—T T L, SHEROREEE T,

UTomacix, JRAIE LTRSS 27 L—TLND 35D 7 L—T05, —DOFTOZH
zbo GEF3ETN), ZoEBRVZLO GEF3ETA), 302ETRVWZLOD (1E7 L)
DIRE =2 BZ, SHICHRIBL=y N3 L4 L LG 4R =0 TET A EBEL,
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#2 MHEHO I V—T 55T
JI—T% BT
FRlE LTER VER2' AN ZE7—-F ER pEOE P ER
THTFT—2H% 0 K77 RO
FIE DRFHYICEF & B
ERYBICEELRITS | . .
e E A BB BED® BEN Bovvyioe

7. BRETILVOEREBKET LVORE
R L 14 32— DT VORAET — X IZBIT D MAE & RMSE #% 3 (2% &5, MAE
THKRTHE, hEE2=y MU LT TREER LET V],
TV O MAE BRRERRO RN TIIhS L, BICHHET VoL /sl lholz, Z2DH
ba=y Miax 4L Ll TR - - RfEERLET V] O MAE B/ E e o7z,

SHIERAIZERD 2 ODET NIEBIT B IEMREBUREZ I Lz, Rod, EMEEH
ML=y bR 3OHHIEMHETVEREL T THLN, 2=y MEE 4 LT L0HET
NEVHEEWERERSTWDLZERNGND, BURET - HIZRWTERTFTLTWS,

#3 BEF /LD MAE & RMSE

TRl - Sorp - RiEEZe L

)L MAE RMSE

PRE = M3 T T L 0.21214 0.33085
Erh L 0.21784 0.37614

B L 0.22377 0.34602

RHEE TR L 0.20314 0.32698

AHY - RREE e L 0.25900 0.40887

RH] - AL 0.23619 0.34692

Erp - REEER L 0.22502 0.36473

R - REEER L 0.21137 0.31775

ML= ¥4 T 0.22389 0.36619
Erp L 0.23676 0.38134

RE7ZR L 0.25213 0.40735

THEE TR L 0.22082 0.37129

AR - RREER L 0.22125 0.35607

R LA 0.21804 0.34598

£ - RfEER L 0.25899 0.38903

- - REEER L 0.19572 0.30577

bk hilfga=y hgaE 4 & Lz TR - - RfEER LET V) Dbyl &
Lize ZOFEFNE, WIET MICHXTANEEN LB L TWADT, FEEEOHFEEFR N
AEURE 16GB, /77 4 vV

KIEIZEMECTE 72, ZH D PC (CPU : 17-4790K, 4.4GHz,
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A— K :GTX980) T 10 KD FE %47 - 7= fE R, W17 L OFTEEEIX 190 4y TH > 7= M
BT IVOFTER I 132 45 & 72 0 TR 2559 30% 8AFE S T,

F 4 WRET VO IEMFR & U

TV IEff =R (L3S

HRiE = M3 FIE R 0.64444 0.79032
THEE T L 0.64444 0.74194

AH - B - REEER L 0.63333 0.82258

PR =y M4 €T L 0.63333 0.90323
THeE T2 L 0.65556 0.82258

AHY - REEE L 0.65556 0.83871

8. ¥i®

AFETIE, =2a—FLFy hU—2 2T, EEOIBEE O BEY PN EELEED
BIELEI D UZICETCONTZO0E PRITH2ET AV EBE L, S oI, IMET LIcEkSE,
WEZRER Y Z&m<, AT =283 LR BET VOMBEIIRH LI, AT —4
BAEPCTERLZ LI Lo T, FERRF O REBEMES RS, BEY O REFHGERE DR
HALIC TN D EEZEZ TV D,

LU G, RFRICER LT —#1%, EREEHT, BERERT, ERAATO
FRIES N3 DOHIENDIE LT LD TH D, Z0d, RFFETHELZET LNEEN
WCRIAATHECTH D DWW T, 8RB D, 7o, SRR LT — 25T 270 - TH b,
Za—FNRy FU—T BT IVERBETLIIL RV, EFAOTHREILEZ £ TEL
BRWEERL S, FUELOEET—XZEL, WHEOE WO FHEE O &\WE T L&
WTEXDLIIHTTDHILERAEBROBETH D,

B3

AR THERA LT — 230 ch 5 L 912, Fak 25 FEE (2015 488) OBLETRFEE 1%
M ERBREE F R O AR L L TRENSHRESABIE LD TH S, F—ZDOFIHICY -
ST, RRNSADOFREHE Ch - il i KFE ORI = e EICBIEEIC -7, 52 L Tt
?E;'z:%ﬁ—\‘j—o

BE IR

1) A EAL (2011), REBEHAEDIC T 2 REREMEE D ERET — % OMIE (£
D 1) BEMEEZ PO EEEACHE OMRE, B ARRE S RS EEEIE (B0,
HE3& 11, 21451, 901-902

2) #ETLE (2006), ==2— TRy U —7 O FEHAICEE /278, J. Plasma Fusion
Res. VoI82, No.5, pp.282-286.
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b 1B B R R S ) D TRED - BRER R R M RIS B

LRI RZERZFBEE LEMER BF A&/ - /F EH-AH HA

1. IC®iC

I 0> BB E BT HE O B ICBMR L TR Y, B O/ SV E e E i il 5,
UL, OB/ LY QFFEICEREAEOENERT 28R R2MENDH Y, ZRE K
KHE L WD AARSIENE CHRAET KB RMEL BHROBESOH CHRRRMETH D,
— R HEORE O TR (15 km F2E) 1%, WiEASWIC T EMERELE Z JTIRED L
RICKHIET D EEBEZLNTND, THICK LT, REEHEIZEL Y IETOSEER CHRET D
EWVI RS D, NEOKFEEHEDZ IXIE KL FE THRAT 528, R TRAET D IKF
W HUE & X 25 A XK R R R L e, 2o Ko, ABEEE - BRI OFF R
P&, EKIUNDEBECHRAET D2 ENZ N E W) RN G, EHIKRERE-EDORAE A I =X A
WrigoFnTidial, v/~ EDWMENRELELTWDLENIFZBZNH D (Fl 21X, Hasegawa
etal., 2005) 7%, RIS TR,

BT, ACVEE B AT & HE ARV H I E LISV T, RS 10 km BLYE O HIAREE T b KJE
WHENRAEL TS Z ERME SN (B0 -, 2018), 75K M #E 1Tk co
REBHETHLZ D, TOREADI=XLOMFE, —RARMBEORAE X =X LI
LbHBEZELHOLERDRICBWTHERIND, L, s o a3 R E g #i5E o5 4
FHE SN TWhRned, BHEEEBENS —BUICAON BB THLINE I D EH LN
T D0, Ik TORERNE R LENH 5, BAL B ARSI T D GRS AKJE b 5=
B CTOERSAZ WD &, W OHE SRR MET R 2 2R SHMEICOM L T HHEEMR
Zu, Las L, ACHEEMER 28 Cik, W o 1S O IR 23 53 A 3 D R 28 TR R I S o B
VRS AR D ESEs HHIFR T E CHFE L TR Y, BE 15 km AHI TIXEERME L > T
HEICRZD, DD, EHMTHREKMBENEEL T DLEEERD 5,

TR T, HERTEEE OB E S CIRERMEN B EL TV AN EERT LI L L,
IR JE I R D 3 AN B SO ZE I ZEAE, I D R % SIS VRS & 750 O K 8 1 H 78 oD R 1% % i W
THZERAMET D, IET, KEEHMEOFTEITRET 0L # v 7 oK E
HEEHMN T2 7 7 7SI NS otz L, 77 7T IR RERAEE I 1S % 5 52
LT\, REMSE R EIC W TIEER 2 RICHET A LERDH D,

U BT 2 5 1 AL BB IS AL T B IR KL, TELBRERB S ICEANREL TS, KIET
X, 2006 4512 Z < /NEAR 7R, 2008 4RI/ N 22 K AR GBS AR L T B, kLR R ED SO e
WA 72 E O K UNEB A H AL TV D, 2008 1T, ZRFHMKE I H 5= 23 B T O BFEF MR 1258

* Deep and shallow low-frequency seismic activity at Meakan-dake volcano in Hokkaido by Yuki Matsuno
et al.
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TTLTRALEZ ERHE STV 5 (Takahashi et al., 2012),

2. (KB HE O

KRB EE O X FIfE (Buurman and West, 2010) Z W TAT o 7=, FLEIL & B Rk &
R JENE A D S AR b VIRIE F D IR ST R S A, FUIE S A O SA AR B 5y 23 5L
T5HZ EEoRT, ABIECHE, SEAESEILEY OMEO SEEEE TH D 1020 Hz, KJE
AR B MR TR D 24 Hz (SR E L7z, B I Ge ek (X B SR 2 B AR AF 22 T o 13 B
MBI Hi-net & KT OBLHLE TGRS 726 O, BREEITRR)T — LAz L5 b 0
R, BEFTHIRIX, 2004454 A 1 H~20184 11 A 30 HTH 5,

MR O JRRE T~ 7 =T 2 — RIERFE L, BEAREWIT &R R RIS 2572
W, HESNEFIMEICIE~ S =F 2a— RICEDXA T ARDPNY, v~ =Fa—FR K&~
LHEFIMENNESL< 5 (K1), T2 T, FIEO~ 7 =F 2 — NMEFEHEZEE LT L& W EZ
ED (X1 OFER, TALED L FIENNSWHLOERKERMELE LZ, 29 L TRESINE
A JE 30 T 5 D M ] 52 5 30T 05 O M FR AP T 2 SR S A 30 km E CHAURIC A L, MERTEEEITE O 7%
WHIEBICIR AR HEN G ENTWD Z ERMEND bz, 72721, (KE M HE L mE oS E
HIFE DO AT HIEIC 2N TR L, BRICEES 15 km U0 ik, {KE M H#5E & & E o 5y
MNEL VB> TVDHEIICE LN, LL, KRYIIEFRSMANELRSTWNDEOH0N, TiLe
HEFREBEORKTEO L IICR I TV EE T 20T HRE L,

%:f,;D%ﬁ&i%gméwammmmWw@mW£mmwwmmmEmehmm)
Zi A L CEIRIREZIT> 72, DD {EIX, T H2HEST 5 OBHEERE & B ER =
DEZFALCEBERBTRELZIT) HIETH L, BRFREOHKRLK 2 1077, KEHEH
BITMERT T 2 PR AE L T2 0ICx L, @R HE SR E RO THRAEL TS,
KB EITEZ 10km KV ENWEZALBES BkmBELVENEZATEALTWD, A
WIZIEBE L TIEHWD b 00, S 13 km FRE 2 85 ISR JE 3 HUE & G EEE DSBS T TnD
ZEDBHOENTR o T,

WIZ, RO S 04 ORI 2 b A2 K 31077, EE 10 km LR OAKE B A IX, 312 2006
FE L 2008 4F, 33 LUV 2017 AE~2018 A2 TR B D, 2006 FFITiE 3 A1 2 < /N 22 K78
K[IEAPEETRBY, BETOMREEMEIZZDOR DO 2 FICEAELTWD, 2008 £Ei2iE 11 A
/N 7R KRG AL E TR Y, FED 1| AICET CTIERARENREL, 9~10 A2
TR AR B W IR AN JE AL LT D, 2016 4R ICIFTEIB CHEFAICHIEN R E L TW5E Z L3 bn
L, T2 L, EELK SIN OEMEND FIMENRE bedolzicd, KERKHENE O ik
DN,
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1. FiIfi &~ 7 =F =2 — FO %,
~ 7 =F a— FEFEZZRE LT, R
WMEY EEEEE, AR E

kRl L7,
Magnitude
143.7° 143.8° 143.9° 144 144.1° 144.2° 144.3° 143.7° 143.8° 143.9° 144° 144.1° 144.2° 144.3°
435" et e N N 485" Lt I i
- o SN 1 < IR N T o
% LR ;;,Y,G |
434 S8 o Sy b a4 st BN B
) et £ 1Y ° =1 s
° o
290 B
433" o r 433" -
43.2° T 432" T
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e °
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T o [ — = [ — ]
= b -2 -1 0 1 = ° -2 -1 0 1
£ 20 ° S = 204 L
=3 FI 3 Fl
O o, o
[S] ° a
40 40

B 2. AW R () L@ EuR OF) ORISR, GF FIEE 2T, MRIFEAE T ERE
WEDHDT, AORESF~r=Fa—FaexRT,

Depth [km]

40

2004 2006 2008 2010 2012 2014 2016 2018

3. BRIRTR S ORI AL, RAUMEFE PR, FAP®mERBEZERT, 7L —ORiE, &
D FIERREL oL MEZ R, AORSEF T =F 2— FE2RT, MO EEOR
SIS AT HRAEE), AR PR 23 A L T R A R
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3. BHMHBEICESS HESE

ZETORFTNG, HEREEERICK T 5 HEIRENIIRZEM A RE L TW S Em AP 5 )

Tl o tiz, WHROMEMBEREE AW CTHED 7 V—70F %47 > 7=, FHEMBEFREOH

aci}wh@A/hAz74wa—%#Tt&%%ﬁ%¢é A AHBIAR B, BIR T &

T3 B OB DR E RO 1%, BIEFER % & o> THEOHBEGRKE L, AiFET
%, Hi-net Bl S0, A, B2EILO 3 moOEEZ AW CHEREEHHE L,

SN LEMEWWT — & A Bréb L 72 1385 H 0 HigE %ﬁ%&b*%ﬂ@ﬁw7;@k%<s@u
FOMEND DA V=T BT o TR, 19 7 v —T 7‘%7}%710 TN—TNOHE
DB 2 X 4R, RERMED 7 —71%, EE15km BUEIC 2 S v—T &, I
E10kmUETIEIISENVE ZAIC4 70 —T, oK WE Z AL 2 7V —F10 v TR
LT3,

X407 —70 (M ﬁiUSE)inwﬁ%ﬁ#%Hﬁﬁﬁi6@#ofﬁ,ﬁ%
AR LI ZARARMEThH 72720 (K 50), 207 v—7HREKME S LV—7 L3
%, vﬁ*%:—k@ﬁ%ﬁmél6_mﬁﬂmﬁﬁuﬂ~mw$4ﬁ@m&%@%%_Bs
EOHENFAEL TEHBY, 2008 4 & 2017 FFICH LPVEHIICEFIICHEL TV D,

W2, Z7—7Q (MEHIX I8 CHHETH, 2O NV—7DEEEH SO, v/ =F
1—%®ﬁﬁwm%n7m)_r¢0_@7w TR CHIEN B AL TR Y, S
1% 2016 FFITHFICZ W, £ T2016 45 11 H~20174F 1 A oI 245k LCTH 7(B) 12”7,
Ny V- SR ﬁﬂ&m N4~ AFE TRV IRLEAEL TNDHZ &R D,

143'48' 143'54' 144°00' 144°06' 144°12'

¥ b \
, «
) ’~', '_
O@ WWVWWUW{VW\M\N\
2

T S R R R SR S
0 5 10 15 0 5 10 15

2 - Time [s] Time [s]

Depth [km]
8
2
2 o
* ®

4. R OMBREE R VT T bz 5. A7 nr—70, @oHEKRE,
7 N—T DOEHRINLE, O AT =T A O EERS, O LTI OWIE % 7
MR O FI fEA4 £F, 7 L—I1X S/N tho5 7

e FIENRO SNl 7 — T % F

To B AT ERT R O E A R T,
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N
|
T

°
e ' ]
| LA | | | | | | L * 1

2008 2012 2016
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