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Motivation

« Sediments are dynamically transported in on-offshore directions in the
coastal area, especially in the foreshore and nearshore zones.
Managing both types of sediment transport is important for coastal
problems and also for recreational and leisure activities.

» Therefore, estimating the beach profile change of these zones are of
paramount importance for disaster prevention for natural catastrophic
events.

» Several process-based beach profile evolution models have been
proposed, including, Cshore, XBeach, etc. While there is no universally
accepted model.
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XBeach model

The XBeach model predicts coastal morphological response due to the time-varying
wave and water level conditions.

As an open source model, XBeach is under continuous development, including
numerical schemes for swash zone dynamics (Roelvink et al., 2018), dune erosion
events, and overwash.
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Objective

In this research, cross-shore sediment transport events are
carefully selected from the field data.

Investigate the effect of wave dissipation model on spatial
distribution of wave height wave, and the effect of wave
nonlinearity on beach profile change
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Hasaki data analysis: Outline of the field observation site
/Hasaki Oceanographical Research Station (HORS), PARI

* Hasaki coast is a part of Kashima-nada coast facing the Pacific .
Ocean and about 7 km south from the Port of Kashima. ot =l

* The averaged sediment diameter around the site is approximately
0.18 mm, and tidal range is around 1.8 m.

*+ HORS has a 427-m-long pier and located perpendicular to the
shore.
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Select benchmark data of cross-shore sediment transport
+ Data duration: 1987.1-2003.12 (17 years)

+ Beach profile
— =--- [every weekdays]
« Wave (H, T)atx=380m, 145 m, 40 m
— - [hourly]
» Current (10 locations until x385m)
— ---[every weekdays]
» Tide (Observed and estimated)
— - [hourly]

Ground elevation [D.L., m]
o
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« Wind Seaward distance, x [m]
— - [hourly] Beach profile from 1987.1 to 2003.12
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Calculation of volume change [m3/m/m]

* Volume difference is calculated at different
three sections

* Q; (Total): x =-115 ~385m

* Qg (Foreshore): x =-115 ~-20m

* Q (Nearshore): x =-15 ~180m

* Qg (Bar-offshore): x = 185 ~385m

Q is calculated using 3days difference
= profile(t)-profile(t-3)
(from 1987/1/4 to 2003/12/31= total 6206)

Ground elevation [D.L., m]

— . . . .
-100 0 100 200 300 400
Seaward distance, x [m]

Averaged beach profile and SD
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Selection of cross-shore sediment transport events

<Onshore transport> <Offshore transport> Focis e noarshos

* Total ZQy >0 * Total ZQy <0 sediment dynamics
- 3318cases - 2888cases Sttt dsivriios

+ 2QU/Z|Qt|<0.10, ZQn> 0 +  2QU/Z|Qt|<0.10, ZQn<0 closed in the pier
- 470cases - 605cases length.

* Ave 4days(|V145m|) < 0.25m/s * Ave4days(|[V145m|) <0.25m/s | | Weak longshore
- 285cases - 346c¢ases Currcht

* ZQn> 2 = 69cases ¢ ZQn<-2 - 10lcases Large

 Full 4days observe data of [V145m|| » Full 4days observed data of |[V145m| gélsi}i:f tfr f:ﬂ;ﬁz -
-> 1lcases -> 20cases

The beach profile change of some events are not clear...
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Selected cross-shore sediment transport

» Overall, 4 events are selected from 17 years data.

m?/m m?/m m?/m m?/m m/s

1996/1/22—24 -0.06 2.87 —2.75 0.06 0.006 0.058 Onshore
1999/1/4-6 0.17 228 282 037 -0.020 0.079 On-offshore
2001/2/5—7 -023 278 435 1.34  0.009 0.060 On-offshore
1990/10/15-17 0.10  —9.70 12.98 0.76  0.032 0.108 Offshore
Ave 0012 0.0056 -0.006 0.012  0.050 0.246
10118 1987/1/1- std 0346 4.44 6.01 830  0.415 0.138
(b 12003/12/31  Max 1.89 23.3 36.89 476  0.960 0.963
Min 484 293 520 —59.5 —0.980 0.004

» Effects of wave dissipation models on the spatial and temporal distributions of water level
and wave height

* Effects of wave nonlinearity on beach profile change
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Effects of wave nonlinearity on the spatial and temporal
distributions of wave height

+ Water level, wave height
* Instantaneous spatial output, Time-averaged spatial output, Fixed point output
-2 X =40m, 145m, 380m

XBeach wave input: Jonswap 31 _—x=40 145 380
Huno» T at x =380m = v v v
« Wave angle = angle at x =380m é’_?
« Morfac= 5 (morphology B 21 e
acceleration parameter) ::- *1;3; —~—
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Onshore domlnant sediment transport event ID1
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Wave dissipation

» \Wave breaking: Dw
Bottom friction: Df
* Vegetation: Dv

Wave breaking
* Roelvink (1993)
[roelvink1]

* Roelvink (1993) extended
[roelvink2--- Default]

* Daly et al. (2010)
[roelvink_daly]

(keyword: gamma). In the formulation for Hms the p represents the water density and g the
gravitational constant. The total wave energy E, is calculated by integrating over the wave

directional bins. a (1_0) _._[()_5_2_0]
D n (10) ...[5-20]
v (0.55) ...[0.4-0.9]
0,-1- ew ) ﬂ F @h SH,,.) @2.11)
e
Fraction breaking E,(x.y.0) = j S, (x.7.1.6)d6
waves 0

In vanation of (2.11), one could also use another wave breaking formulation, presented in
(2.12). This formulation is somewhat different than the formulation of Roelvink (1993a) and
selected using keyword break=roelvink?2. The main difference with the original formulation i1s
that wave dissipation with break=roelvink2 is_proportional to H*h instead of H”.

Alternatively the formulation of Daly et al. (2010) states that waves are fully breaking if the
wave height exceeds a threshold (y) and stop breaking if the wave height fall below another
threshold (yz). This formulation is selected by breakproelvink_daly|and the second threshold,

V2, can be set using keyword: gamma2
’ Roelvink_daly ‘ ’ 12(0.3) ...[0-0.5] ‘

o
22 oE
T Qb W

rep

(2.12)

O,=1 if H,.>7h
. ; ) (2.13)
Reduce wave heights in very shallow water {Qb =0 if H,. {7} [XBeach Manual]
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Beach profile change using Roelvink2 (default)

31 3
Calculated: 5m ver11 —
24 — }jgg od Obsel}v/ezdz: dx=5m
— 1/24 — 1/23
e ———1/25 R :};gg
€ £
Ei 04 S 04
3 ] =B
1 facAs=0.25 =
-3 C:45 _a
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x (m) x (m)
Rijj 1. (2003
facAs: 0.25 (default 0.1) morphology: AZ =01 Tabepy Runetal (2003)
) 5 . Qualification of &
Chezy paramater: 45 (default 55) 5SS =1 -[(re - sal ~ A )ilens o] G ECEE s
BSS(x=-15~180) 0.81(Jan23), 0.51(Jan24), 0.51(Jan25) — ?rux
Good 0.8-0.6
How about wave transformation?? . i Romonblonr 06-03
istuarine and C oor 3
Yoke¢ Bad <0
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3 x=40 145 380
Water level e '
J o \"n_r . -
a-1
g2 \N —
-3 vz N
A ot S e
= 20 ] ‘X = 380m, —— Observed, —— XBeach 5 0 50 100 15,200 250 300 350
2 15
2 5] \
2 059 % .+ RMAE
£ 00
. ; T u T z T g T L T u T s T L 1 —
220 225 230 235 240 245 250 255 26.0 X 380’ 145’ 40m
— 25
E 4 = -
£ 20] 0.093, 0.100, 0.117 - good-reasonable
> 1549
§ 1.0 — wave height: van Rijn et al. (2003)
5§ 097 / 5
= 0.0 L T u T Y T u T v T u T u T u 1 RMAE = (lHE - ‘Hm‘ - AMH)/(‘Hm)
220 225 230 235 240 245 250 255 26.0 .
— 257 Table 2.2 AH=0.0
—' 20+ [x =40m ualification of error ranges of proi
5 g P
1.5
3 o /\ Qualification Wave height;
2 051 2 RMAE
= 00 - . . . . . . . Excellent <0.05
22.0 22.5 23.0 2?.5 240 245 25.0 255 26.0 Good 0.05-0.1
Time [day, Jan. 2016] Reasonable/fair 0.1-0.2
Poor 0.2-0.3
£ Bad >0.3

EA T
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n 3 x=40 145 380
Wave height: hourly Hs i -~ !
- f 0 \‘\\
B-1
Sl v .
-3 vn h=
= —
25 7 ‘X = 380m, —— Observed, —— XBeach‘ 5 0 50 100 15y 200 250 350
— 20
£ 5 ]
T 10
05
00 T T T T T T T 1
220 225 230 235 240 245 250 255 26.0
25+
.
.54
w 107 WM\A
T 05
00 T T T T T g T E T - 1
220 225 230 235 240 245 250 255 26.0
254
=n
el E ~
0.5 \/\/ \/J\/)
0.0 o T B e T T T TR T T ]
220 225 230 235 240 245 25.0 255 26.0

Time [day. Jan. 19961

« RMAE
x =380, 145, 40

=0.054, 0.046,

0.70

Overestimated at x =40m

wave height:

RMAE = < |Hc - lel - AHII>/<H11>

Table 2.2

Qualification of error ranges of proi

van Rijn et al. (2003)

AH =0.0

Qualification Wave height;

RMAE
Excellent <0.05
Good 0.05-0.1
Reasonable/fair 0.1-0.2
Poor 0.2-0.3
Bad =0.3

. ~
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Wave height: roelvink?2 Biue: roclvink2(defaulty * RMAE
Red: roelvink2(adjusted) x =380, 145, 40m
Gamma=0.55 > 0.4 =0.054, 0.046, 0.70
257 ‘x = 380m, — Observed, XBeach‘ Blue=default
E 2.0 Red=tuned
— 15 -
2 ] =0.067, 0.100, 0.123
0.5
00 T T T T T T T 1
220 225 23.0 235 240 245 25.0 255 26.0
2.5
£ fg: e s
1.0 . - - .y
T underestimate = RMAE= (|He — Ha| — AHy)/(Hy)
00 T T T T T T T 1 Table 2.2 AH :0.1
220 225 23.0 235 240 245 25.0 255 26.0 . .
25 o Qualification of error ranges of prow
i Z07] Qualification Wave height;
._m: 12: RMAE
are U3 5
051 NN \/\\W lmproved Excellent <0.05
T e e | B Good 0.05-0.1
220 22.5 23.0 T.23.5 [d 24.3) 1294956] 25.0 255 26.0 Reasonable/fair 0.1-0.2
ime [day, Jan.
g Poor 0.2-03 y
Bad =0.3 /
U
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Wave height: roelvink1

(2 trials) Overall: alpha= 1.0, gamma= 0.4, n= 10
Red: roelvink2(adjusted)

* RMAE
x= 380, 145, 40m
=0.067,0.100, 0.123

25/x = 380m, —— Observed, —— XBeach| : .
£ 20 ‘ Green: roelvinkl(adjusted)
= 1.5 G ‘
P ]
T 5 =0.063, 0.107, 0.093
0.0 ] T T T T T T T 1
22,0 225 23.0 235 240 245 25.0 255 26.0 Both are almost the same
25
= 20 .
E 15 _ wave height: van Rijn et al. (2003)
@ 104
= 0.5 —: et RMAE = < |Hc — Hy ‘ - AJ{[II)/(HU)
0.0 T T T T T T T 1 =
220205 230  235_ 240 - 245 2508 = 955 960 Table 2.2 i AH 0'_1
2.5 Qualification of error ranges of proi
= fg: Qualification Wave height;
7ol RMAE
= =]
0.5 RN NN A Excellent =0.05
0.0 ik ] T T Good 0.05-0.1
220/ 225 . 230 =235 . 240" 24i50 25080555 = 96l0 Reasonable/fair 0.1-02
Time [day, Jan. 1996] Poor 0.2-0.3 ’
. : ; Bad =0.3
Could not tune the wave height using Roelvink 1 and 2 models . ﬁ
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* RMAE:

Wave height: roelvink daly

Hs [m] Hs [m]

Hs [m]

25 5
20 b
1.5
1.0 4
0.5
0.0

‘x = 380m, —— Observed, —— XBeach‘

Red: roelvink2(adjusted),
Blue (roelvink_daly)

22.0

2.5 7
20
15
1.0
05

T T T T T
225 23.0 235 240 245

7 -\

=

T T 1
25.0 255 26.0

0.0}

22.0

2.5
2.0
1.5
10
0.5 3
0.0

T z T L T L T L T
22.5 23.0 235 24.0 245

T L T v 1
25.0 255 26.0

NN A

22.0

T z T z T z T z T
22.5 23.0 235 24.0 245

Time [day, Jan. 1996]

T L T L 1
25.0 255 26.0

x =380, 145, 40m
=0.063, 0.107, 0.093

=0.059, 0.034, 0.058

Better than before

wave height: van Rijn et al. (2003)

RMAE = (| H, — Hy| — AHy)/ (H)
Table 2.2 AH =0.1

Qualification of error ranges of prow

Qualification Wave height;
RMAE
Excellent <0.05
Good 0.05-0.1
Reasonable/fair 0.1-02
Poor 0.2-0.3
£ Bad =0.3

B~
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Wave nonlinearity effects on beach profile change
1.0 4
Roelvink_daly 1 Roelvink2 . = 05 B
Calculated: dx=5m ver14 Calcuua/t;;' omverlt i 001
By 1/22 ¢ ——1/23 a
—1/23 /24 \_‘/*0.5-
| S 1 —vm 30,
:: f- -15 T T T 1
19 g ° s 50 75 100 125 150
- = 1.0
b . 3 = . N —~ 05
Wave adjusted Wave NOT adjusted" - 00
1 facAs = 0.25 *1 facAs =0.25 S 5]
< -1.0
-50 (‘J 5‘0 1(‘)0 léO 260 0 6 5‘0 1(‘)0 1‘50 2(‘]0_1.5 50 7I5 160 ];5 1:50
x (m) x (m) 1.0
Onshore movement reduced, because of E zz:
the lower wave height e
. BSS(x=-15~180) 2 0] \
=i T T T 1
o Jan23)0.71 0.81 50 75 100 125 150
« Jan24)0.53 0.51 x (m)
o Jan25) 0.59 0.51
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Wave nonlinearity effects on beach profile change
i — Obs.
0.5

1/22

—1/23
—1/24
——1/25

Calculated: dx=5m ver{4,

1/22
—1/28
— 1/24
— 1/25

\

Calculated: dx=5m ver16

GL(D.L, m)

Wave adjusted
*71 facAs = 0.25

GL (DL, n

Wave adjusted
*71 facAs = 0.35

-50 0 50 100 150 20050 0 50 100 :
x (m) x (m)
= 054
Onshore movement reduced, because of the lower wave height _j 00+ =

2 05 — ~

_ S8
« BSS(x=-15~180) S-10 ——

-15 T T T =
+ Jan23)0.78 0.71 h i . T il
+ Jan24) 0.58 0.53 x (m)
Estuarine and Coastal Engineering Laboratory '

> Jal'l25) 0.52 0.59 Yokohama National University YNU
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Comparison of volume change

* Inner bar onshore movement is well calculated.
* |nner bar area, erosion is overestimated.

-0.8
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Summary

« Water levels are well calculated by the XBeach.

* For the wave height, wave dissipation models are not
sensitive for bar-offshore and surf zone (x=145m, 380m),
but sensitive for nearshore zone (x=40m).

» For the beach profile change, XBeach could tune the
model to adjust the profile whether wave formation is
calibrated or not.
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