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Characteristics of Time Stepping and Harmonic
Finite Element Models for Coastal Hydrodynamic Simulation
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Abstract [ Among 2-dimensional coastal hydrodynamic finite element models time stepping ADCIRC
and STEPM, and harmonic FUNDY and TEA models were compared in order to find out their
characteristics and analyze error. General feasibility and capability of models were studied by compa-
ring model results with an analytical solution on some reference points and L, norm error in quarter
annular domain where analytical solution can be obtained. According to these tests harmonic models
FUNDY and TEA were nearly coinciding with analytical solutions and gave better results than time
stepping models. STEPM was at least 5 times better than ADCIRC in L, norm error test, and it
was 7 times worse than harmonic models. It was expected and concluded that these errors might
come from phase lag due to cold start condition and nonlinear effect in basic equations of time stepping
models.
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Fig. 1. Idealized quarter annular shape for model tests.
rl, 12 are inner and outer circle radii respectively,
in which r2 was treated as open boundary. The
domain was discretized into 96 linear triangles with
63 nodes. Three points AB and C are reference
points in comparing numerical results with analyti-
cal solution. rl is 60,960 m (2X105 ft) and r2 is
152400 m (5X105 ft) with constant depth 9.144
m (30 ft). Tidal forcing was considered as harmo-
nic function, {(m)=1.0 sin(2n/Ty) along 12 regard-
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Surface Elevation at C
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Fig. 2. Time history plots of surface elevation variation and x and y directional velocities for three reference points

(@) A, (b) B and (¢c) C as shown in Figure 1.
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Fig. 3. Tidal elevations on radial nodes along the central
line, 0=n/4 at high tide.

A2l o]&=Ed 2 =274 AXZ(order of magni-
tude)7} A9 Zohd F3] o] &% & Uk =49}
fr5e gelA HERF B vlweA BEe] 0
i +25 AEZRXE 2 =27 Axr} Ao 7o
22 4 (16)9 L, Ateat 4 2359 231 A
ZFegdes o84 F gtk oHF L, AteAe
Garcia®} Kahawita(1986) 22]3L 4{(1989a, b)7} =
ol 7F2o2 o4 vl sk

L, AF2xE AZ3] 98 7 23¥E ol&d
AL 259 eolAte® 3lgdth Fig.4edl 1 A#r}
ZAIE AT 23 RY-e g AR 239 A7)}
vlagt ALl YA, AP RYL 272719
S o} A4 A Hell & Al e &7} sl
2 A A|7re] A3 ol upe} FhAFich STEPM2
271279 <ggfo] A4 AAF F43) LFEe] o
47719 24 o]Feold Ao UdAHY EHLYENE X
o]u} ADCIRC= 4ub3] ZhAs| T A4l Al 23 254 ¢]
AFE T FRAARY AFFELE 27 E7 4T
& e AR Jehyct oleidt AR g

L,-norm error
25

ADCIRC
—— STEPM
- FUNDY
2.0 — TEA

05
o

0.0 b=t : - o
0 5 10 15 20 25

Time in days

Fig. 4. L, norm error for entire domain.

L, A72x= 94 723 wiel o] phase lag7t
71ed3t7] wEl ez wdr)

4. Zzote| 13 W E9

det £F93F A4 S4¥E 23] f¥es
23S AP R} 23Rl A 4709 =Y
S FXNAYEY A, A7 F213 Hste] 4
o] & 23wy L A9} & dAsa glen,
&7)7ke] FiA Role] B} 43 ARy
o] Mrhe A7} Wdx|ut ghE2w e ARNE IS
& qisich A=Fste] 2Esh L, A3 vl
7} $.x}¢] =7]= ADCIRC7} 1.60 W$], STEPMe]
0.32, TEA7} 0.05 22]3 FUNDY7} 0.04 A=E
ehligic

o] MY At YR A} zeRYwc} U3}
RAE By JEAAF AN E2dEe
wAdge f2EE A g o2 s,
T3 AP Rl HoF A7HAYPRYe] oA
2 Yo" cold start®] 9dsfo] A& A4t o
&g w|x 2919} 5ol phase lagE T2 2H
Ag FFE viHE Aoz QA Hch 3] AD-
CIRC7} STEPMel| nulsted ©)$& F£2 4L ZA3E
Bolx gl AL sEdfuA o slguAAle
WEE o H4ske 71EAA oo %S HA A
go] o]Foix|| 4L Ax o|FF sl Aoz
g, ojd A ASHE AT Qojor &
Rolc}.



412 Sk

STEPME AAAAYE Hx 45712 24
2712718 Gl £EHI, ZIFI|8E EFal
FUNDY, TEA7} A8 ¢] 7]84& o] &3h=rl s}
g el ApANE ol 83tn JlenE AA4
et #gexe] fFHE sMell= STEPMe] 714
g3 Aoz g7t ot #7142 1 Wt
UG 7459 553 2o FUNDY 2 TEA7}
o] 451 A7|7te] EAHE AEHoEg 5% F
A& Aeolrh

£ A7 7 e ATt I3t A
22 qE 7 7 e SAAA 45849 A
B3t FAAYE XA FFell= wAdYA
< TIY g e A AAL SR} v
dTE T HAH kol dRslth a3 A
ZAY YL o]§she Agole REAANAY 7
Al e 271279 A A2E S5k @
A E Folv ATE sl & Aolrt

544 g

A I elell A B33 dgke] 5 a4
ZyA o] &l 2x1e) RIEF AR R
28Ry 4719 2¥-L HHHE 7€ F U= 4
a4 A AgAHor Hridt ARE HF
2y o3 o

239 Ao o]&4d AIAYPRFL duisig
shEod<&ubAAle o]4% ADCIRC, 22474 Lax-Wen-
droff -2 ]84 STEPMelw, =3 %32e FU-
NDY$¢} TEAQH A5 Ay Fr1e 98 v
JAE FAE T AP Aeuks st =
stege] AAYPRH| vl HEs} sl
AZHHRFol BostA] oo} AAe] A& EF 57
Ao vepych gy AR 27279
&3 71EA ) WAl wlAdgs 2 A9
uhatzA vy SoR x3tRY| wlsle Hxr}
golAle oz eyt L, AFexE o843
AFA Hrle e 23hnde] v AEE Ko,
A7 218 2.3 Q) STEPM-& #3512 30| H]slo] < 7w,
ADCIRC+= STEPMe u[3s}od 5uf 7}=F Axr1 dof
A HoeZ AFHNUT olep o] Yix] e
phase lagel 7)ql=le] ‘Jelhd exg iAo
2 S BEayE AARE JdE 4 glenm F

4

Fofi= AAAL) Azl % 21279 Jae AU
A AF7} SaEelol & Aotk

AEH o2 H7)7e] #7148 W 2ojke U
FUNDY, TEA’} 2% 25234 o188 4 slg
Ao, A W3E welsy MUY TP
bl deke] 4548} sl STEPMo] AD-
CIRCel w3t} o} RE2zle AHE AFT 4
e Aoz Baselch

LAl 2

¥ d7e EAEAge] 92de Ayl &
Post-Doc Aol 2l3] MIT &% @74 Felatol4] 4
TERE A dFeold, AUste] FAl A
AT FAbe] g Rl '

BHuEs

Med 5, 1989 WHIEINE wHE AAAzA, 9
253 =F4, 92): 63-71

e, SdF, 1989b. extsi o] 27 shFpArAA 27
v, =5, 22(3): 315-322.

Baptista, A M., Westerink, JJ. and Turner, PJ., 1989. Tides
in the English Channel and Southern North Sea. A
frequency domain analysis using model TEA-NL.
Adv. Water Resources, 12: 166-183.

Connor, JJ. and Wang, JD. 1973. Mathmatical models
of the Massachusetts Bay: Part L. Finite element mo-
deling of two-dimensional hydrodynamic circulation.
Rep No. 172, MIT, pp 57.

Garcia, R. and Kahawita, RA. 1986. Numerical solution
of the St. Venant equations with the MacCormack
finite difference scheme. Int. J for Num. Methods in
Fluids, 6: 259-274.

Ippen, AT, 1966. Tidal dynamics in estuaries, Part I: Es-
tuaries of rectangular section, Ch. 10 of Eswuary and
Coastline Hydrodynamics. AT. Ippen, ed., Mcgraw-Hill
Book Co., Inc, New York, NY.

Kawahara, M., 1978. Periodic Galerkin finite element me-
thod of tidal flow. Int. J. for Num. Methods in Engrg,
12: 853-871.

Kawahara, M. e al, 1982. Selective lumping finite element
methods for shallow water flow. Int. J for Num. Me-
thods in Fluids, 2. 89-112.

Luettich RA., Westerink, JJ. and Scheffner, NW., 1991.
ADCIRC: An advanced three dimensional circulation
model for shelves, coasts and estuaries, report 1:
Theory and methodology of ADCIRC-2DDI and
ADCIRC-3DL, Coastal Engrg. Res. Ctr., US. Army
Engrs. Wtrways. Experiment Station, Vicksburg, Miss.

Lynch, D.R., 1990. Three-dimensional diagnostic model for
baroclinic, wind-driven and tidal circulation in shal-



e KENIR BRE AT REET o 3 BRERGR it 413

low seas. Numerical methods lab., Dartmouse College,
pp23.

Lynch, DR. and Gray, W.G., 1978. Analytic solutions for
computer flow model testing. J of Hyd. Div, ASCE,
104(10): 1409-1428.

Lynch, D.R. and Gray, W.G., 1979. A wave equation mo-
del for finite element tidal computations. Computers
and Fluids, 7. 207-228.

Lynch, D.R. and Werner, F.E., 1987. Three-dimensional
hydrodynamics on finite elements. Part I: Linearized
harmonic model. Int. J for Num. Methods in Fluids,
7. 871-909.

Lynch, D.R. and Werner, FE. 1991. Three-dimensional
hydrodynamics on finite elements. Part II: Non-linear
time-stepping model. Int. J. for Num. Methods in Fluids,

12: 507-533.

Lynch, DR, Werner, FE., Greenberg, D.A. and Loder,
JW., 1992. Diagnostic model for baroclinic, wind-dri-
ven and tidal circultion in shallow seas. Continental
Shelf Research, 12: 37-64.

Westerink, JJ. et al,, 1984. TEA: A linear frequency domain
finite element model for tidal embayment analysis.
Energy Laboratory Report 84-012, MIT, ppl43.

Westerink, JJ., er al, 1988. A frequency-time domain finite
element model for tidal circulation based on the
least-squares harmonic analysis method. Int. J. Nume-
rical Methods in Fluids, 8(7). 813-843.

Westerink, JJ. et al,, 1992. Tide and storm surge predictions
using finite element model. J. of Hyd. Engrg, ASCE
118(10): 1373-1390.



