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Abstract

A theory for the structure of buoyancy-driven coastal currents by Thomas and
Linden (2007; TLO7 hereafter) is tested using a three-dimensional, primitive equation
ocean model (ROMS). The theory is under a two-layer approximation, considering a
uniform layer of low-density water over high-density ambient. Under the influences of
buoyancy forcing and Earth’s rotation, the resulting low-density water moves along a
coastal wall in the direction of Kelvin wave propagation, forming a coastal current. In
addition to the two-layer approximation, TLO7 further assumed that the coastal current
is geostrophically balanced and is characterized by zero potential vorticity (PV) along
its path. Under the above assumptions and given the density contrast and flow rate,
TLO7 then predicts the coastal current thickness, width, and layer-averaged velocity.

ROMS simulations show that the coastal currents indeed satisfy the geostrophic
balance in cross-shore direction, and their PV is approximately conserved following the
streamlines. For a range of flow rates, the thickness of simulated currents is in good
agreement with the theory. The width shows some discrepancies. The theory
underestimates the width by, on average, 20 percent, but underestimation increases to
more than 50 percent near the riverine source. In general, though, TLO7 has a reasonable
predictive skill for the coastal current thickness and width. However, further examining
TLO07’s assumptions reveal that zero PV is not supported by the numerical model results.
In addition, the density field varies continuously within the simulated coastal currents,
rendering the layer-averaging approach questionable. It is demonstrated from
theoretical derivations that the errors due to these two questionable assumptions largely
cancel each other. Therefore, the observed predictive skill of TLO7 may not have a

sound physical basis.
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2.2 B 52 MA

TLO7 a3 & AN TSR AP ENZ 5% kT %R 20 &
FplAp i ehg B ¢ R (field scale) ™ 4L TLO7 I 43054 S s A B R 87 %
REVERIESR > THERAY HEKEFHR A A2 * ROMS(Regional Ocean
Modeling System)j% ¥ #c & #i-5% k47 3 i 4 SR i fin ihig 4 » ROMS & = f#eh
g Host o R k3 R SRS 2 d Navier-stokes = £ = 42 3¢ & 4% & 52 (hydrostatic)
% % X i7 i (Boussinesq approximation) sn i3k o K B I i i ch R 4 B AR 5N
(Primitive equation, Haidvogle et al., 2000) o #% i £k * 7 #g 02" 1sobe(2005) 4~ 4
CEE R N LRSS PREEEN Yeal i 4 W iR LRTE U S TR

AR RK AT O BRR AN LIPS AFEL Y =107
FoBEE R (20 22K, 10 22 ) - BAINE T R Apa R 0 Y
ERHVRIFFRAS0 2 2 (F FRE ) EE PG A0 K ehe R ko & K15
SR Np s EE e b AT iET] 0.1~05 » VL R end 247 & K
'}’é)%’—;‘#ufﬁ..‘é'—;—f# W zF aBEa et 5 100202 - jnFAaE 3w b3 450
DB oo poR TR eROTHEHRES YL 60022 (B 7). AFG P EAS
woaxPh(Ld 2 ) ip A e Ay S ) E S Szh(ALB A D v 4
e ¥ Bvend a IR S e A ER S ERER .

A e T 0 BB RS0 BAR L 35 psu iAok o 116 2 R h
Bk E W R PARRIMAECRCE 20 pswo $F A R D) e i adiid
H R E s AP R R RS RE AT E 100 BT UBGERH
RAFR g

AFETHRELEFT 8 BAK(EF 1) A8BET 3 Fhpiing ~ 7 kh

el B KoY TRl R BB D Ak AR

H %quq;., Bk 2 8543w ATy P a3k 20 2 BELR] 0 4o Delaware
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Bay, Columbia River Plume, Hudson River plume (e.g., Whitney et al. 2005; Chant et
al. 2008; Hickey et al. 1998) - ;i & # [ /i ** 1000~8000 m3s~! > i@ ;‘Mi%l A e oK

BRI F AT 0~20 psu(# 2 1) -

350 -
300
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150 -
100
50
Qy
ys O I—
I—» -40
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X

Bl 7HEF R B TR R BRI FAR > w2 YR(e M 5 ) BA
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T i Xgh(r K EZE) LE et L z(w RINEf)ox et 2R RG

100 22 sy + 450 22 » s 3 5% 5 50 2 ¢ (£ 45piF) 0 R RlL M~ A
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B 1 BERARGEE A F - ek R S AR e ke R
% =75 s B R iE 2 CFRR(FSCHAPMAN, M2FLATHER, M3RADIATION,
TRADIATION) > RGRR(FSRADIATION, M2GRADIENT, M3RADIATION,
TRADIATION) - CGRR(FSCHAPMAN, M2GRADIENT, M3RADIATION,

TRADIATION) -

case Q. (m3s™1) density anomaly boundary

(psu) conditions
1 1000 0 CFRR
2 3000 0 CFRR
3 5000 0 CFRR
4 8000 0 CFRR
5 5000 10 CFRR
6 5000 20 CFRR
7 5000 0 RGRR
8 5000 0 CGRR
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2.3 #& ®_j (steady state) ] =_= /%

LA RERF SR s AR g ol AR XY BIE(B 8) A M E

ZBF &L H(Q,=5000m3s7 1) k-5 1 A B4F % 15X chd o WA PRE L

5
T

Vo T B Bds o jeokigd R B § AR T TS A - B E
F 2 v o bulge i'ff?éf%%ﬁiT PR o (B 8) 0 & 0 RRiE BT
PR D S ER R P Aehbulger AFTERTIEFAA S
100~250 2 % e 58 17 4 4R340 ALin S HEenie B o

Fo e o TLO7 2 e 322 o LR iy R (QIHETT » i AN ihE AR
R REG EEFMT g 2 d TLOT A4 H(22) ~ (23)7 14w in Alin
R AEREEATRIEXIERE(QIMERES (gNPRE > FIM 0
WAHHERE % ALT 4 & 4R T j (steady state) © AFTF LR B (Q)LE R E A4 (g)
SRR TR AT ERRLLE SR A I RIS E BE G T R OE
BQe B2 )(B 9 E T MAEFR 34.5 psu 17275 Aingr B s keha &
(0 d W) KA Ea(z=0D)» TP EIEIZBREER YT F h(x) T H-B
BRiER N3 340 psw)avndFaR i 54 b s A S S E T EE IS
R BRIy A & & Q0 TT EERG L At 2(Q) -

BEFORFREA@)TFEFEIEETRINORARE - APHBRERP ()
4 345 psU)in kB R F T FALL L AR AR HERAE B R (4
345psu)in e REF TS TR E G KB R, Aw (TS E g
R E 4 (9o U E = BFEHR L H(Q =5000m3s™ s AR D AT R ED
2 BRI EFIEOR F (B 10 2 @H) T2 BR G 2 (Q)MEE 4 (g)
HEER A ERD K(B 10 LB) > TR A RIRE@Q)ERES (¢)
ERFEFRIIFERG AEFE LAY Dy 15X 21+ REQ)ME FE A

(gt i i dp s 3 6 R B 0 B 0 AP R B R i AT

15

doi:10.6342/NTU201904214



MR AETL O TR L BN R T RT R 4T R e 5L
AF 3 2Qr = 1000.3000.5000 m®s MrHE ¢ EH S 16 TR {T AT AQ, =

8000 m3s 1Y Y 125 2 (T AT o

Case 3 (Q, = 5000)

day 0 day 2.5 day 5 day 7.5

35

along-shore distance [km]
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40 0
cross-shore distance [km]
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8: %= BF %k (Q=5000m3s )% 1 2 B4od % 15 X chd 5 B A PAL
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40 0 20 "15 '10 "5 0

cross-shore distance [km]

250
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Case 3 (@, = 5000) 14000

day 15 12000 Q
10000
350
8000
300 1 6000 103
_E 4000
= 250
g 243 2000
il 216
2 200 z %
b 191 ooe
.g 150 158 0.035
in 129 0.03
o
= 100 103 0.025+
0.02
50 /
0.015
e -
0.005
o ‘
40 0 0 5 10 15 20
cross-shore distance [km] time(day)

Bl 10:2 M5 5= BR% 7 (Q, =5000m3s~1)% 15 % chk & BA » B® = if

Ale]

VREST T AP ER S BR G o LB E S BR e S 238 Q0)E e

REQ LTS BEGSD 2XND P E MR ES (¢) PR LR

203k o A L EAERY RN E RIS 15X F o
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BA 57 AR TLOT =% BRI > AT - TLOT 3R] frfic i@ B3t en
e A S B R AR A BREF (B 11) 0 TLO7 FERIE * 5 & ho iz 5
B BQ(T %4 2.4)  REA g'(F £ 2.4)e K fdfF ~(22) 5 TLO7 Fg iRl
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»(23) 0 B F o W B A B RR, B G B T RW, TR Aol 9 E LB AR
B 34.5 psu (F 4 ip Ao w s kens B (6 ¢ 0 K)o AEEs 45 (x=0, z=0)
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TP EIBRER Y SRR B R, o 4ol 110 AT EB G T R

(y =100~250 km) » # 1 5 3| = 32+ TLOT Fg iRl ehig % AR NES TG I = Rk

Ra o ;,:{ RERTARR AT v AT R AN ROEGERLE B
R L AMA 42T Bulge A F L RARS o 37 - HEMA L
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127 8 > B * B R AREAL 5040 10~20%62 Bt 0 K> @ 2dos TR IEL
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3.2 T NBER KT

3.1 et 27 R-TLOT (@ m 7 7 Al @7 %k bk s 2R
TLOT % ¥ ek {7 %% > TR X EREE X TR ZIREFETHEF AR
AR s T3 A N 10~20% ~ ® 5 A3 50% o FT ko BIR R *F BN ehg Sk
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B o
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Max. width

Max. thickness

surface salt

Case 1 (Q, = 1000) Case 2 (Q, = 3000) Case 3 (Q, = 5000) Case 4 (Q, = 8000)
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Case 1 (Q, = 1000) Case 2 (Q, = 3000) Case 3 (Q, = 5000) Case 4 (Q, = 8000)
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12: 2 BAeen% - F13 45 BA > FP 8 & ¥ A E 345 psu B A
e B2 PR R S B R TLOT S A i ke B R (A /ho)

B2 5 R R R A TR TLOT T3 53 s b 4 T (Wi /o) B
B n2d R AR/ hy =18 wy/Wwo=1>d } 3T &AELe a7t ki

= ' . . m>s- o
(Q; = 1000.3000.5000.8000 m®s™?)
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3.2.1 ¥ 4T e E

LR SRR R L TLOT %Y R 2 S T e A A g

4 #4 b > 4255 (24a,24b)

1 dp
V= ———
g fpo 0x (24a)
dp on Mdp
o = @GP o= 5+ ] Fe (24b)

21 F

SRR L R (y = 100~250 km)E - x-z B 6 g AR (AR
F)E A G R (BRI A S e T R Ry, 0 B E - xz B R
i T R S AL e B T 00 G T 0K T (), 0
¥ o ARG N e, R - e BT B0 IO

(Umdy > B id - F 2B TERFEE R (F 13) 4 22+ &A S A7 Fin

SRR TR Tl e B R R 0 % R () fe(ug), s R 2 3
RN FER RS SRR P L SR 3-8 LU RERE S 8

TLO7 ¥ s i sk o
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e ST
e

Case 1(Q, = 1000) Case 2 (Q, = 3000) Case 3 (@, = 5000) Case 4(Q; *__-Ilsot‘pn*;f F

day 15 0 day 12.5 m/s
-2
4
.
— N N
£ s |
= -10 -10 0
5 | |
s 12 | 12 |
0.1
14 | 14 | 0
16 | 16 | 05
18 | 18 |
-20 20 0 0.3
20 -10 0o 20 -10 o ‘220 ; 20 -10 0

cross-shore distance [km]

B 13: #V S Er g AR d 22+ A% E % 1~% 4 B RY

KR A FA A e e BT EEN B A d 258 (24.2&24.D)

N e e S  E =1 E S

24

do0i:10.6342/NTU201904214



3.2.2 @ & in Rt T

FA ER L HS KT S P AR ARE R S Fun AR R A
T oW 140 B LA R AR TBESABAS > T 0 E P32 TLOT L
P e BT BR AEE G e b () EE R AP b YA
BFRL T F o FORES BT AT R AR AAE L o F ki
Bn® o AR - ik A iR T B R R REAT 00 e - R o
B 150 AL 247 &2 PR SHFERCEF A A w1 100~250 2 )P E

Bt 7 AT Bk BT 4005 e 3T i ((vy),, $8)H 5 B T8y §R T
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e (x) P 0 B FAR vy = —

BT FIEFQARK P L AT RS BT o d v B2 Rt EHRY 0 R

A Ry, ¥ F - R BMARUTE - B RS LRI
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BT A % = BEE(Q, =5000m3sT) S b N AR AFER 6 O 2 Az o

i EIR S o AR AR 6 1 13 22 PF RIATHET A A7 FinE ol

P (Umndy PR R BT A AR S (0.1 /s * &2 0.2 /s

» (Ug)y AL S B (V) PR R - A AR - Sl T REF QAR

SR RRERART R AR AR > R Ay VLT A7 B QD
P o (D) R LA (),

F1F 4D E Uy~ (g)y) i@ 2 F g R dpt a5 0 Gdta 6 22

2R A EHRG AT B 6 2L (u) BIF BB T (V)i 5 0 B
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5000 m3s ™ e B G 5 60 4 B ERE TI93 kT indvg 8 B R T IH5H
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SR UM SRR R S R SR TEEOEET 2R ey
M- TSR S AT MR F R SARE OB LR S A BBy I GEAE
Byt 5378 6 vy 8 (v), 2 BFL 8 ik Li&- % » AFELT By &
(V) M B3 B 5 (Un), & Bo X vy kb focasel-d FogRen & B in AL 6
P AR L BBy K484 0.01-035 0 A BBARRIT 1 R F S KR

i E"/‘uut§ %\J}’q-tﬁ"a M2 “’m‘i-‘ic °

Case 1(Q,. = 1000) Case 2 (@, = 3000) Case 3 (@, = 5000) Case 4 (Q, = 8000)

day 15

day 15

0
35
-5
—_ 30
'E' -10
=
= 25
7]
T 15
20
20

20 -10 0 “20 -10 0

Bl 14: SR BRI G B 4 224555 1-% 4 BHER 9 it 4 345

TR TSR E(F R 13 A R) 2R

ETIAS

psush@RER B¢ 24 hEEMR

EL01ms 1o
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Case 1(Q,. = 1000) Case 2 (Q,. = 3000) Case 3 (@, = 5000) Case 4 (Q,. = 8000)
rI“/ S day1s . day 15 X day 15 . day12.5
0.8 0.8 0.8 0.8
0.6 0.6 0.6 0.6
0.4 (werdy 0.4 0.4 0.4
0.2 (vm)yz Mmﬂﬂﬂﬂmﬂﬂ{ 0.2 mﬂﬂ[{ﬂﬂﬂﬂﬂﬂm 0.2 Wﬂ% 0.2 qﬂﬂﬂ{ﬂﬂm%
% 10 s o A5 10 s o %5 10 s o A5 10 s 0

cross-shore distance [km]

B 15: & kT BN IR d 21

LA HEE 1% 4 B R WY

S W RS AR RTINS (Uy)y, 0 % RS AR R T

Ll LA = o1 /%] R IT '}fﬁi%(vtl)y(vtl e

A

F e w

J 7; <Utl)yl;;:i (vm>yz gﬁﬁ,’:iﬁ 7};

SER TS R) B ARE

Case 3 (Q,. = 5000)

m/s
1 ~ day 15

0.8
0.6}
0.4 N\

0.2

0 .
-15 -10

g' oh
f ox

5 0

cross-shore distance [km]

Bl 16: & & inREiT i n B NS RS BIRE T AR B Y i d hg

?&élfév\ V—JJ fl‘ %\' 5] }éi /;::L’Eﬁ ﬁ‘ I,U e '}f‘vtl
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3.2.3 FiFA%E

d % = % TLO7 imde v &> TLO7 #0 Fon? i jF R4 5 00 %15 TLO7
s - BREURE A o AR 60 RRE g K- B PUFAR IREEAR S T

SRR B G b A ORI R R § 4T 00 XA o IR AR R (S AN g 2

PEREBORR D ERRE ORE AR AE N BEFEFL - K E
T ENBEDFE AR RERETEDRRT o RARLEEE F 0 F
R ERBEf =0 AL AN RiFRRT A SANLS P ARE
FREAFIE  PHRALTRE BiF—f = (nff -
TRBCER R DL AR AT TE O weR 1T B AR E

R dq= fw)ha B od e #B%:,{M(%—i—?—;’hé e o R (5
2.4) fARARA Rl B BIIR > AP AN e E R TS

EEAEE R Bl h2 4 W RA Y L7 enE B R 5 (28~34psu) -
d TR AR R Pk g K 6 2 % B R R S e Bt kR
PRerd o R AR G f/h=1.6 X107 &% > 4ol 17 - B> 2 1 % = B o v
(Q =5000m3s™ )R iF £ HRARL b » % 31 psu £ BARRY chizjF R BB
Mo w R AR 3] psuERAM HFERAEF Y e ¥ 916X 1070
AR R AR T AR R TR PR PR T AR 2 ?}“{";"‘ 2L G
B o Aol B A o FenBER s HILAER S & i IIE AR o

éﬁ@ﬁﬁ?ﬁipfﬂﬁaﬁﬁﬂiﬁi’#ﬁéﬁTw7¢ﬂ%$&ﬁ
g = —f & FRY AR o AR R LR K
PRI FE R R GFE(=—f2Fhi d HATRZ LRI TR
TP TR (), 8 7 BTN R i (), 8 7 (R 18) 0 4
(18) ## 3 ¥ T AR FER G PF IFINE Zv,y = —fx BF P ALY,y = —fx97
1

LE MR R B ER TGS > 20 N E A, = —fxs B
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FEEHE(x) - St Az BT 3 €3 REBL A2 > ABY 0 (Vy)),
SAEF o &2 e 2 7 + AR U ;f}f((vm)yz N (vzp)y>7ff| Si=s Xk l{t‘%ﬁﬁ"ﬁj—$
w b () W F IR e B (V) BB TR RS R R F S0 £

R S R AL AR TIOR SR v, R T

rﬁ’h}_,{ L] <Um)z‘5ﬁ - = ﬁ'ﬁia‘?&@ (Ig] 19) ’LM'<Urrl)zal':‘§EA - = ‘;}’ﬁ,{ﬁﬁi ¥
K,fjvzp%z@ dih- X SR o AT A AL #B“fmm THE A FAEA

FUFELEATE IR R vy (vp), 2 BFLhE ik Ft A2 7R
Vyp 22 (U) 50 T2 38 B 5 (Up), = Ag X Uy > Fh 4 b 1 casel-4 Hofkeh & B i5 fhin
Bo PP E AR L B4 9420 0.01~0.20 L BAARRITN 1 R FF
PR R AT R B RS -

Case3(Q, =5000)

10° day15 31
250 5 250 V 3
4 _
1 1.6 X 10

£
-
= =2
Q
S 150 200¢
[v 11
n
o 10
Q
= 100+
2 11
[7¢]
So 150
& 50 -
= 1.6 x10

0 -4

e Il 100 ‘
-40-20 0 0.5 . 2 2.5

cross-shore distance [km] %107

B 17: =B 5 % 3 B (Q, = 5000m>s™ 1) e if & & FR B B¢ i d B
M Z APPSR GR T BB 0 2P L 28~-BdpsushE BARMR o LB Y D2
¢ BRE LA AR Bf/h=16%x1075 F¢ ¢ WP L FEBA 3lpsu

bR R E e
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Case 1(Q, = 1000) Case 2 (@, = 3000) Case 3 (Q,. = 5000) Case 4 (@, = 8000)

rln/s day 15 . day 15 . day 15 ) day12.5
0.8 0.8 0.8 0.8
0.6 0.6 0.6 0.6
0.4 0.4 0.4 0.4
0.2 0.2 0.2 0.2
E)15 -10 -5 0 915 -10 -5 0 915 -10 -5 0 (-)15 -10 -5 0

cross-shore distance [km]

Bl 18: F iR BRRIFEESRE ) 224N F 1-F 4 BiGE
HEEd W RN A LIS B R TSSO R (vy)y, 0 2 AR E G ET
B B RTHE ST SER BRI E () (vt b ER TG SEE) i

[258- (Vm>yz R L o

Case 3 (Q, = 5000)
m/s
1
1 day 15

0.8

0.6

0.4

0.2

0 .
-15 -10 -5 0

cross-shore distance [km]

B 19: % fiiﬁ}iﬁuiif'—%i’%s‘fi TRHre—- =X ARIT 0T LB 0 B Y Rei o ah ARk
B R TEFN RS (v,),— X RIS NS S > Bt - 3 N

v = —fx7 F’B'r‘r]&" iﬂ I'E_é. ‘3‘ H Ff! l(’ /['Efi/mfg‘ %5—;\‘ /uhig—ﬁ”gf‘ii iL ;}F] 7}%1‘_ °
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3.3 w4 ®A & B,

dam 3.2.2% 3235 iEz- otk R THE @
(Vm), € & 5 & T35 K MiT vy foh R TI9F iR BRI E v, B S A 2 F
A BBy Ay FIt 0 3.3 & ¢ RF3t > L g TLOT eni@if i -2 e 7 B in 3
FRFFLAL DT (Rmiand -~ NEEER RS Dz §) ik Eiw e 7

e HEIE G & andpipl {2 (error 10~50%) -
3.3.1 4 #f(error propagation)

B0 B B EFEA EAE By AT 3 TLOT i i B e b € A
APE S AFEL KA BIE I_E_Frs:g; w TLOT v - lﬁﬁd 0 B 0 &
FEILEEA € # € W@ yf(error propagation) 3 FE Rl E < TR Z B RSP o

Fhod (13)0 AF 93,22 9 v (1), W 5 (v), ~ Bo X v £ 37 5

g' 0h
#Fod (18) 4877 #-3.2.3°7 vzpvb’(vm)szsé %3 vy, = A X UpE 8 5
(V) = —Aofx (26)

EFooK25)F ~(26) v ER
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