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Multidecadal Shoreline Change on the Hasaki Coast

Masayuki BANNO*
Yoshiaki KURIYAMA**
Satoshi TAKEWAKA***

Synopsis

Long-term beach morphological change under anthropogenic impacts would include many important
processes for the study of coastal engineering. Beach morphological change on the Hasaki coast of Japan
was influenced by anthropogenic events. From 1965 to 1977, approximately 50 million cubic meters of
sediment were dumped into the nearshore zone on the north side of the coast for disposal of the sediment
generated during the construction of the Kashima Port, which is an artificially-excavated port. A beach
reclamation was conducted at the north edge of the coast in 1975, and a breakwater was started to extend
at the south edge from 1989. Artificial headlands were also constructed on the southern part of the coast.
Here, we investigated the morphological changes from 1961 to 2013 on the Hasaki coast by comparing
the shoreline positions extracted from fifteen aerial photographs, which were taken every 3 to 5 years.

We found significant trend of shoreline advancement with the spatial variation due to longshore
sediment transport in the past shoreline evolution on the Hasaki coast. The first shoreline advance around
the northern part of the coast from 1969 to 1984 was considered to be caused by an increase in the total
sediment volume on the coast due to the dump of the excavated sediments. The second shoreline advance
after 1993, which was caused over the whole of the coast from 1993 to 1996 and around the southern part
of the coast after 1996, was considered to be caused by landward cross-shore sediment transport. Since the
time when the artificial headlands were constructed was almost the same period of remarkable advance
around the southern part of the coast from 2002, they possibly contributed to trapping of the cross-shore
and longshore sediment transport, but the reason why the sediments were transported landward is still
unknown.

Key Words: shoreline change, aerial photograph, EOF analysis, cross-shore sediment transport, artificial

headland, coastal structure
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1. [XC®IC

W I3 R 72 & 0 B8RS 1 D & iz k- T x
Ha T2 &L Hic, HiEme EORFRICI D ANAN
BREERIEIC L S THORESE(LT L ERH D,
PRI IR W HE A2 L2 BT, 19604E 70> B 19704E 12 2
OB R R R RO AE LT RO N ER AN S 1
7. FO%, WIRHER O ALE S D BB L AL E
T2 RIS OFEAF IRV, RO ALl KOs
W, BHEERcH# R & W o i Em N R S .. £,
WREFIZB VT, WREEAEMSKE LT~y RT U R
DR SN2, 2O X)X IR NABWEZETICTBIT 2
WA O B 2 ZAL O LR LR T D Z &%,
T%E, AHAERERD S D EHFEEND.

W28 B EL 0 B e A I o T TR B O Feif 1L, & I 2
ORI e B2 A T T 5 7o ois, ke & < v
LNDTFEO—2THD (FIxIE, HE D, 1973, 5D,
1985; IR &, 1987;9% 5, 1993;F% 5, 1994, K55,
2005 ; ZAR D, 2006). MizE5 EIXBREN ey OREN
HEENTE LD THLDT, —HREERLICk-T,
WL HEDORFHOMEAZRE L TWD EIERS 7200
AARSHCHlRE SNIMETHEE L, & Tk
KENRE LT2b 0L H 52 Enn, iEOHEFOIREE
EMDHZEDTELHRMARERO—2THD. 725, #
EIHERI OFLZE BRI S\ T I E R A 8o
ITEHEBIIC L > CHELDSEMB CRE SN TR, K
T REGEARLICE > TEbICEBEE R EE A
AFTTHZELAETHD.

WIRFHEF IOV T Y, WL DO RICE W T, #iZE
BEMNLROTATHREIRZH L SN T, BEOMBEL
OFHMEN TN TR (FIZIE, BFD, 1973 ; EED
2000 ; F=Z% 5, 2007 ; BTF D, 2015), R FERD O Bk
FE=w )76 0 LG E O, THBEA =X
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VN, B TR O BERR B AR TR > S FISOAE I o0 P IR S A IR D
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ITHAEBY O FREZ A ICHR Lz, 612, MiEE
DB I 5 T2 ITHACE ISR LT, R EBR A E A BBk
(Empirical Orthogonal Function Analysis, LT, EOFf##T)
RV, FERITHRAD 2L 52 LT, ZOLHEF
PEAFE L, ZOEBEFEEZ Lo ER & EfhEfEic
DNTELE LTz, L0 blF, AR TIE, EREROIT
MO EMMZRaEEZ A L W2 el L, 2o
BHRIZOWTHEE LT,

E, WIRHERIC BT 2 & b i AT AR T4 5
IXI94TAE I K BIC L o THIHRE SN/ b DO TH D03, 1947
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AMFFE TII B REZ D3 & 2272 196 14E LA O T 28 5 E. 0>
HEMAT G E Uiz, 728, 1947 H19614EE TD 14
ERIOITIRORIE - #%IBEITR HRE WA TH20 miz
FETHY, RIFRIZEVELNIZZILIEOITIRAE) &
s LT/ E otz (ERES, 2000).
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(1) FEEE¥
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FREE & RAS S B, RIRAELA/S008E, MBI
DMAEISmIEE L EZOND. ZOZEDND, RIS
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I AW 2B AR SO W TR, %R 0200641217
i L —VRE/BRE2 b SIS H L, Aiaid
IR 72 BRI D 2 72 & D B CARIFZE R G 1
THDI96IENL2013FEDOMTHT LY —ETlE e &
EZONDHN, MEORNRARZHEET 5 Z LT LW
ZEnh, RHFEICREW T, RiEAE TR —E
ThbHEMELE.

3.4 FLEQE
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7m0 mE kR, 5 M2 midE S g T —
HaERC L, W10 mERE ORI Z &2 & & 1.3 m»
52.0 mOFIFH O ISR E T — Z ZREEIET 5 Z LI
Loskwi (B-10). 72d, Lilo®mSofME, 11—
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H5H0OD, x=-4000 m/H>HX = 2000 mE TIHIEE—ET,
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FORMCT TRRABLE 72 5. 7285, 2005412 b [AIER
OWLZE L —FRERTON TV D, BERAE OIS
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tan /£ = —9x10° (x— 2000}’ +9x10°® (x—2000)+0.027 )
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4. STIREFHOEREEE
4.1 STHRAIE

201 34FIRF JR D B IR o D VT AR VA% R0 0> 72 Bl & i T2
RE2LTEY, MRS~y 87 2 REL TR
WZH 72 ST ITHIER A A b2 (B-11). X =0 mffiLT
VEIT RIS il 2 %) L CURIEEATTH 528, X =4000 m
XU T IR TR A ek LTV TR b, SETERE
B L OITHAL BRI A ALE LT D, Lo L2
W5, FEEIITIERIZA D 7 AN E L, B D IT M
YRR A LTV B O, R IVR T
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2 % OB B2 5153 DT ITHLE IS & 5 & TR
D H % OITHALE O D2 & I 3EHERZS.D. = 10 miRfE
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N5 (19614E~ 19844F 1 Wb DYFPES AL mE i 17: 0D
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(1) 19614F~ 19844F

196145 D T HRAL 1 & e & 95 &, 19654, 19694
F TR ERITIMEOZTR LR NE DD, x
= 6000 mE Y FEEHITITRA DT INTHEIB L, x=-2000 m
~ 6000 mff T CTITHEASATE L CWO DB R o7z (K
-12). 735, 19654F L 0 AT xS ek L v & AL oo [
VTG HT (B S5 0 O FLE O B B ¥ R M I 7 030D)
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5, 1974) DO, KIFHTIRERD 19694 £ TOITHE
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D~y BT R (x=4300 m ~ 5800 m, 6200 m ~ 7400
mAFUE) OITRRBLRLBIB L7272, No.2 ~No3D~v R
7 2 RH (x=7800 m ~ 8400 m) DITHEA & HITHIHE L7z,
ZOFER, 20134 F TITIFIFERTIT BV TI96HED T
A L0 bR IE CITRRALE R EE Lz (’-13). NO.1
D~y RT v R e EIGREOEREEEEOR (x = 10000 m
~ 11700 mfF ) OITHRLE DV TIL20024 LLRE & Rij
HEL, 200247520134 DRHHIZ60 mA> & 100 mAREERIE L
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—J7C, x=4000 mJ Y AL OITHRALE 0 28 Bl i HLER )
NE L, 2002400 H2005H IS 0RCRTHE L, 20054 PAKE 1T
Do) LFIBL TS EHmA R N7,

5. TROEBRE L LH)BEIE

5.1 FEGTREHOMHMH
(1) fighrFik

EOF#ATIZ RS T O —> T, KZEMEBT — & )
BN OO & ZEMOBEA ML L, 7 —¥ &#EK
THIETT—HICEEND EELB 2 IE L3 <
TLFETHY, ITHREBD X 5 REHER LB DENTIC
IR 72 b D Th 5 (21X, Miller and Dean, 2007a;
Miller and Dean, 2007b; Fairley et al., 2009) .

EOFf#HTIC IV, ITHMLEILA(3)D K 5 I R R %L
LRI O KD EB) R F—ofnk LTERIND.
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A% THDH. oFV, EOFENTIXITHZES 2\ < >
MOBERTHWINCTTHHLDOTHY, WE, FH5ERO
KEWVERDDIEICE— R, £— K2, « « « LIRS,
AWFFETIE, Ak L7 E504E/ (19614F 2> 520134F)
DOITREENZKT L, BOFMENT 24T 5 Z & C, EZEERITH
EaEhz L, ZOEERELZEE L. vl AR
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Ltmﬁ%ﬁ@m’,x:mmmiwtm&ﬁwm%h
VR RAEIR A 1 - T2EOFfRAT 1T o 72, Zhic kD
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M HE LN EERELA O A2 R - L i1XT& A
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k%WWQmﬁf&%ﬁﬁwﬂﬁ%@% A TE 5.
T N1OZefBEI IR DIFITDIRICB W TIEDETH

D,ﬁ%%ﬁ@k%%mﬂ%mmﬁﬁﬂﬁ%ﬂt.oi
v, ET— FUIREEROITHOFNER 2 £ T O TH

D, 19694E 7 519794, 19934F 7> 5 19964F 12 W TITH##
VLR R TR A R & < RTINS H VD, 19994E0> B

200941233 W THTRRIF LR R 0 D 22 BiTHE BT A 2 & o 72
ZLEERLTND. E0bl), E— F1OZEMBEHOMEIX
RO~y F7 v FOMANC T TREL, 20
LRGN B O TITMARFIC R E SR L72 2 & &R
LTW5.

—JF, ®— R20ZEMEKITHEALHS CEOMETH Y,
X =4000 mfHiL & Bl R CROE L 2o TWD. T
7poh, F— RIMNERESEOITHOFHEME N 2 &K T DI
®U, B— R23¥ERALE & BRI BT 2 R AT 7 iT#%
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IX19904E £ TI1E & A EZEL LRy - 7273, 19904E LI 1%
WMEIC R Uiz, Z OREFERE OB AR & 1E o
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AR (x=4000 m & 0 ALfl) DA% x5 L L7ZEOF
figfr (R-15) 2B\ T, FHHERILE— F1391%, E—
R2233%ThH v, E— RLITHEEILEOITHRAB 4 121F 4
T CE 5. T— NF1OZERBIER TR B8k D 425 CIE
DETHY, LFEZOMEITKREDN -T2, T— F1IOFERH



0.15

0.12
0.09

0.06

0.03

Eigenvalue ex(x)

.0 — —
-0.03 tzzﬁzwnhq:r_

-0.06
-0.09

S

-0.12

A)

-0.15

-4000 -2000 0 2000

4000

6000 8000 10000 12000

Longshore Distance from HORS (m)

2500
2000

1500

1000
500

s

-500
-1000

Time Factor Cu(f)
o

-1500

==
s

[~

/

-2000

-
ety
—=

-2500

1960 1970 1980

1990 2000 2010

Year

Mode1

Mode2

B-14 )RR OTHZES)]

FREIEI969F N HI9TOF TR BIEIM L TV D Z & in b,
T FUX19694E0 5 19794E DR b &2 v — 2 & L720T
MORMEEZR L, ZHPMRILEICI T 55 b FHEA 7
TEMEE LT oN5. £72, T— F1OMMEREIT
19934E 7 5 19964F 12 HE N L7273, 19964F LAKE, Y % i
VIR L7228 B L, 20134 OfEIZ19904F & I FIX R UAE
FTCHAD L. ZoZEnD, B— NI, RlRofERL
BRI BT 519694572 5 19794 D ITHR ORI %, 1993
DB 199691233 1T 5 — RE) 7o ifg = A3l T O THR o rif itk
L, ZOHROFESLIITHRO%GIBEEZE L TWVD.

—J, B— RAIFGHENNE L, FEEREKIC OV T
F— FLEHH L TEHRIEFITN S, 13 A EDf
IETHERE L T2 b D0, 19794 0 B4R 5250081
T E TS Uiz, F72, T— N2 22 B
X =-1000 mfiE A B EAN R o7, Thbb, £—
RIOITIREB L THE XD L, T— R20%, 197440
H197941213x = ~1000 m &V AL TITHR O RITHEDS — KT

x93 HAEOFMEATAE SR (RB: @ 22

-15-
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22, TEB : WREARED

DATRROBIEME T 23, 19934 & 20024F DL NEYR, 58 <
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5. —FHT, FHITHRALE O, HEERIZTT
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19994F, 20094F: 7> £20134F O LI T Hi7 & D 25 b1/ &
<, ZORMORFTHZ2ITHREINE EIChEEDIC XK -
THERZENELDOEBZZOND.

—J7C, 19694F- 7> 5 19844F, 19934F 7> 519964, 1999
RN B20094E (28T, SERITRMLE TR & < Bk L7z,
19694F- 7> &5 19844F- F ~C D 247 TR 1 O Fij it 134943 m
THY, 1993FN 520095 F T £ & O EHTHRALE
ORTEREITZIT mTH o7z, fERE LT, 20094FEDWE+
RO FEPTRATE L9614 L 0 4977 mAiE L7z, D F
v, INHORHOITRESIREEDOAR LT, &
RN D T E DN M & O BB AR E L T
mEEZILND.

NS OITHORTERS BEEDIC IS b0 TIERL,
EWENOTWEOEINCLA2 b L IEL, B0
FEHTm (FZ%, 1997) #H, BEIRFKZE (KI8m)
DIEN S = ATEE (B EH3m) £ TICHERE L7 L&
ELTHET D L, 1969F 1 5 19845 £ TOHERE R K
48075 m’, 19934E 75> 520094 % T O HERE & 23540005 m’
ERD. TNHOHE SN HRE LR EICI A, 19654F
MBI T THFER A Sh izt & (MEE{b%
555) 239270008 M ThHo7=Z L BB TS &, 19694F
B 198MED R TRMEE O FTHEIC S\ T, LW o
PEBRANC L > TEMRNO LR EAEM L2 &N 1E
RThdEHEIND. TR, WIREEOWEEREA T
W X 2B AARICBIT 2 51 TAF R & LC, ik B (1974)
IX1960AEARAT 2 B 19704 A= F T O M A L A4 He 3
L, WO AT X > CREB 2R IR E Uk
ZEERELTWS. 72, 2010F 2T I M R
a7 H 7Y I 5T, WIRREEM OKEE9 mas HIK
R19 mfilr) 12, 2 OWgHER A LD OHERTEIE 23 88 A D
DSOVERIBBICBNTHES TND Z EIRENTEDY
(FEEF &, 2013), THDOUWRFEE A DI WLIRHE7 O #TEZ b
\ZHR R & 7oA 5.2 7= Z E RS NTND.

— 07T, 19934F 75> 520094 D Y BT AL & O mij 1,
T OWEHFER AL BISELL LKL TnWad Z Lichx,
19844F-F T T LW OMFERADRELEZ LN HITHO
AEA — IR LTV Z &M s, B oER A L -
TEMRANO LENEMLI-ZZ Lk 2b0 L5 %
W< B BT (FIAR)2 & O G Eibo~
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A BRESEUAY K5 RORBER
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Breakwater Construction History West Breakwater Construction History

Year Built Length (m) Total Length (m) Year Built Length (m) Total Length (m)
1964 100 100 1989 460 460
1965 233 333 1990 150 610
1966 377 710 1992 320 930
1967 735 1445 1993 60 990
1968 570 2015 1994 30 1020
1969 465 2480 1996 60 1080
1970 330 2810 1998 15 1095
1971 570 3380 1999 15 1110
1972 150 3530 2001 30 1140
1974 30 3560 2002 15 1155
1986 30 3590 2006 15 1170
1987 30 3620 East Breakwater Construction History

1988 30 3650 Year Built Length (m) Total Length (m)
1990 30 3680 1975 146 146
1991 30 3710 1976 120 266
1992 15 3725 1977 190 456
1993 15 3740 1978 127 583
1994 30 3770 1979 87.76 671
1995 15 3785 1980 195 866
1997 15 3800 1981 184.8 1051
1998 15 3815 1982 135.4 1186
2001 30 3845 1983 164 1350
2003 15 3860 1984 120.4 1470
2004 15 3875 1986 45 1515
Seawall Construction History 1987 75 1590
Year Built Length (m) Total Length (m) 1988 15 1605
1968 1660 1660 1989 45 1650
1969 400 2060 1991 45 1695
1971 300 2360 1993 75 1770
1972 340 2700 1994 45 1815
1974* 3700 6400 1995 15 1830
1997 15 1845
2000 60 1905
2006 15 1920
2007 15 1935
2008 30 1965
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£R-A3 Fry T2 FORRIER

Headland Construction History

Built Length (m)

Year | NO.5 | NO4 | NO.3 | NO.2 | NO.1
1986 30.6 0 0 40.8 50
1987 16.3 0 29 0 0
1988 17.8 22 20 0 0
1989 135 30 0 0 0
1990 21.8 0 0 13 19
1991 18.2 0 0 0 27
1992 0 14 20 355 0
1993 0 32 31 0 0
1994 16.5 253 0 14.1 24.8
1995 0 0 0 341 13.5
1996 0 14 0 0 0
1997 0 0 0 0 162.3
1998 0 0 196.8 | 155.6 0
1999 0 155.8 0 0 0
2000 | 158.8 0 0 0 0
Total Length (m)
Year | NO.5 | NO4 | NO.3 | NO.2 | NO.1
1986 30.6 0 0 40.8 50
1987 46.9 0 29 40.8 50
1988 64.7 22 49 40.8 50
1989 78.2 52 49 40.8 50
1990 100 52 49 53.8 69
1991 118.2 52 49 53.8 96
1992 | 118.2 66 69 89.3 96
1993 | 118.2 98 100 89.3 96
1994 | 134.7 | 123.3 100 1034 | 120.8
1995 | 134.7 | 123.3 100 1375 | 134.3
1996 | 134.7 | 137.3 100 1375 | 134.3
1997 | 134.7 | 137.3 100 137.5 | 296.6
1998 | 134.7 | 137.3 | 296.8 | 293.1 | 296.6
1999 | 134.7 | 2931 | 296.8 | 293.1 | 296.6
2000 | 293.5 | 293.1 | 296.8 | 293.1 | 296.6
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