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Abstract

Turbulence, current, and stratification were measured in the northern section of
Penghu Channel (PHC) during September 2015 and April 2016. Two datasets of current
profiles and bottom temperature from bottom-mounted ADCP in summer and winter of
1999 at about 10 km north of PHC were used for bottom Ekman layer and eddy
viscosity analysis. Our results indicate that the cycle of turbulence in the bottom
boundary layer has a semi-diurnal period. Dissipate rate of turbulent kinetic energy, &,
is higher during the flood phase and reaches a maximum value of 2.29 X 107> W kg~1.
Turbulent layer extends from the bottom to a height of 40 m, is produced primarily by
vertical shear of tidal currents. Density profiles show that stratification is eroded within
depths of 80-105 m during the flood, and the bottom layer becomes well mixed during
the ebb. Temperature observations from the bottom-mounted ADCP reveal periodic
occurrence of temperature decrease of 2-3°C during the flood, implying shear-induced
convective cooling near the bottom during the upslope flow. This phenomenon is more
prominent in the summer which contributes to the along-channel upwelling in the PHC.
Ekman veering of the current profiles near the bottom occurs periodically with tidal
oscillation and is more obvious when the flow speed is less than 1 m s during the
summer. A comparison of the profiles of estimated eddy viscosity and observed eddy

diffusivity indicates that the orders of magnitude of these two quantities are close. Eddy
\'



viscosity has a maximum value at the bottom and decreases upward. In summary, the

combining effect of along-channel, shear-induced convection and the cross-channel,

bottom Ekman dynamics will act sequentially and periodically to promote upwelling in

the PHC.

Keywords: Penghu channel; Shear-induced convection; Bottom boundary layer; Ekman

transport; Eddy viscosity; Coastal upwelling
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B 0.01C » a2y n % 2 igR ol R ¥F R R BT AT -
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22 EXRRAL
AL 2015E 99 220597 24PN 2016# 47 26 p 3 27 P
BOREGRR G 120 F)A w71 @ 42 ) pE2 4 28 ) P AR BRI > s
2w % P OR3-1887 ~ OR3-1923 » 9 2% = s\ 42015 #& 2 /] P~ 3z— = CTD
B 2016 E P Ehic i & BT % 5 CTD > # CTD T *%/EAR % -4 A dt & Sm

Lo AXRHKREERPFETRGY 23 LE TG RAEFETAHFL A

e
RTHE BB L > L T RS ER RETA B R ERA G THE
AT ETREEATEER S PEAH P RIS ELE G T A
FRTFKE TRFAIRAF20 2 kS BAR L R E p I T 4
BA IS K 2+ € B4 238 P T LK > & OR3-1887 #et ¥ A P T 1T 2R R
FAZE 110k > 2P 23 A T red BT OFER 2 R 50 8 0 & OR3-1923 #ak ¢
B AE A AIA GG T F TRII00K > B 5 4B2GF0F G A B
JREFLAR A AFALL A TR > B R Y LR AT
FLH LT TR G R TR R e & 1 T o

21 NAFHFTHE L

ST 1887(# %) 1923(% %)
PF 2015/09/22-24 2016/04/26-27
o] pE 42 28
CTD profile #c 22 27
VMP profile #c 130 57
VMP 4% (] B¥) 0 2
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AFEF TR P hk g ADCP Tl i o % % E 7 #r & TSNOW 3+ @
1999 # 77 17 p % 87 28 p¥2 1999 & 11 7 19 p % 2000 & 4 " 19 p fi *cehf
FEBLRI T AL 3 BB R E A KR 62m 22 7T0m A 1 B # * &k B 5 RDIWORK
HORSE % i th (ADCP) #2 - % SEASTAR g %%k (TP) iiid 8 & &2 /E R
BRI R T S - Bl B-4 3Re e BBTAES 2 28 -4, 5-4£F
Bk 4 F > ERED LR R SEAREEPSRE RS I RAH Y TR
I S mﬁﬁ’aéﬁﬂW$£&?ﬂ% PR phRERRERRD

T E TR RER R o R B RIRARF BB R L

2o
% 2 REFETR
T FE S5 WHI-1 WH2-1
PR Y 1999/07/17-1999/08/28 1999/11/19-2000/04/19
onid AL PR 1029 3641
TP 744, ] P 449 3641
kiE 62 70
ESIIENY R ¥ /S 25 30
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= FHAHRE

% Reynolds ** 1895 & #13 % e 11%6 B3 T A#HELS ﬁd F ] R A
S IE MR B ends i A 2 ipReniE Y P F A e B E D
Ak RAFORBMPFSRE (¢ ZERZBR)

e FinnR o AUEL G I BRI G R P2 A4 KWL E #E 0 Thorpe
Scale » & I * jiig & FH KM FTHE 2 5 i hic %8k (eddy diffusivity,
Ky, Kr, K)» Flts kB RERF Y » AP g1 * 3AHFE LB LP wiicd 2
Rl IS AT N E R E DR R A HTE (epsilon, e); Bt A P A
oA 45 K on B AT R R I T E 2 AN de B R TRARF

#ic (eddy viscosity, ¢) > Kz E o= F4p3 v H P ahpg koo

3-1 fF#at i 47F (Epsilon, &) &3t k¥ (Eddy

Diffusivity, K )
ifa B i )f ¢ (dissipation rate of turbulent kinetic energy, &) & * % % 7 K B

Fonko - Bhd HEEL Wkg'! » TN enBplL & Wi 342 &4 17

AP ERp TR (Lueck etal, 2002) 5 H B Rl fE f- AT HF X ES g5
10°Wkg'» spinehp 7 g %v dp 10°Wkg' s HicEan s N4 s k9 #

fo o AT FARE > AP At B iEE R Y Rockland & B 2 P Ak 2 AR 5N T 4

\\\

4 Lueck (2013) #75 % o jrif st 5 o

M B

£E Fidle RO T o S PPTF RS 512 Hzo TR RIT P L
v N2 » 2 3 . = d E s 22 [ 1 = e [ 217
Ak RTS8 TR R At R e B 3l et
//%/P‘»//%“f Feat o 27 e ok HAPAR G B -k (Open Ocean) > 8 * 3 i

/ﬁg/}i (SH HP) I\:nL/\ ’]“? > om l——/ﬁ' /7 /4 }\‘E %Ei fv (Tldal Channel) )y jE % \/)a/ﬁ»
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(SH_BP) s 47 5 R FIEFIZ i 7 W & G R > F R & R 55 2] /4

AAFE€F L APBHRERD » TE R ERRARL %7 w2 LAPTE D

E 3 — i
SH_HP
20 ——SH_BP | -

60

Depth(m)

T

80

100 1

120 ‘ ' :
0 5 10 15 20

B9 Toruasiepik o ReeTZAS(F) 3@ pkEE(%) ¥ piisn
TS R AT TR NPT R E R B et SRR s i ik

Faest (3)

()]

FPov RAEA T AR Gl As kY APALL Kl (10°m%T) s = B
bt RFEEL () R A SRR Fhonf A THE s w e R IR T
SEE RS ARt T TR S e S R T TR R

AL > H ALY P AR AR BT TR S e & 2 A 7 e
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R oA T Ap B ff?«‘f\-""f*t%i}iéu\ﬂ RRH A Fhn B T B ER

= 4 B 3 (Wavenumber Spectrum) - gk $icit 3 F 1% Nasmyth 5% o L

e N EFRRE o R RAFEAS LT F AN (3) P REE N S
' ' —_—u 0z
1 clean
—_—du,/l0z
10%F ] 1

— =1 x 107W kg™
-A—k u, =73cpm
max 1

! | |

10° 10 10°
k [cpm]

B 10 F > % 3 (24 4 5 Nasmyth S5+ 4)

Peid & 2 F ATl ~ TR S L RPET R EET A 2 TR gL 2" 2
Bt et BRI FOR Y B RS 512 Hz o AP T NERE R B &k
EFEEA TR 10) 0 biE - BRI AP ESTRERL 4 H20 Y

g 1203 a £4p (overlap) > # &  FALEEZ B ABEREG L 18 2% A & B
PREIEN 3.6 2% p T o ERF A EA A B FPR R (kna) 2
& ¥rif Oakey (1982) *74 ¥ ) chjg 5] Sodfc x »d g B & FI= 4™ 10 v o7

€ kmx P FAEOT 2 AR B ok 32 B 1) BB h AT
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FE OB AT (e10) 2B AR

BeF S RIEARHAE A 2 10cpmF > 83) P E D

FE gkt (3 4) BEE ARG R ETEF (&)

80 = 810\/ 1 + aelo (4)

where a = 1.0774 x 10° kgW ™1 is accurate to 4%

EIA7 4 B9 A /}1 F2 3 F » Nasmyth 5.5 o8 v g

L B
10 BRPSORHRY n=3

TEIEE

She

Blic et B bl kB e, B n XD

%xf]’ﬁil“.:_:‘( °
SR A(OG) B x5 B gy B R ks e

v3\*
k=x<—> (5)

&

Rtsm £ 3P a4 g

F 35 95% T r B U218 ¥ ﬁ.f@;%]ﬁ]p\ P LA 3§ IR

4.
PR EFE Tl E AR ET ZRFEZ P (10~150 cpm) > I £ 5 A
B dr S ey o

5. dhkos 22 £, » 5% (5) ¢ L i * Lueck etal. (2013) 43 Stk 40t b eh= 42

(X 6) ;;zkgzuf IDECE RN TS S I il A j.g?‘gﬁ,a? 4 23S 7

?833{@-— L «TIJ/J» *1.02 # E'kaax °

15 (* 4 4 4
—J Y(¢é)dé = tanh (48x3> — 2.9x3 exp (—22.3x3>

LRSS TSI

(6)

6. BEHAF R H I kg £ H 25 3) #
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f W(n)dn = Mllh{i{_\.r’] . 2_<|.;-"-xp{ £22:37 ]

Lueck B
#*  Nasmyth—Oakey| :
O  suspect :
Integral

Integral model
50%
80%
95%
peak

eene

@ 11 Nasmyth-Oakey Bt »#i#(E)2 A #F ¢ § 08 T £ 6l

(Rockland H i £33 &, TN-028)

2 3 F FRMHE AT Sk B FEENFAFFP T F B F

3\ 1/4 .

r=k (%) Fraction

50 0.0361 0.50

75 0.0648 0.80

rgs  0.0744 0.85

Too  0.0894 0.90

zos  0.121 0.95

T9g 0.232 0.99

¥ b 24 i B8 Osborn (1980) #7138 ¥ 1) enigse 2 55(7) > % AP a ko3t g
Bk R b A AT R E AR P iR PR AT kB (eddy diffusivity, K,) 5 i itk

fofhdes £ R F MR ERA D SE Emi mis! HP T 5 & F i &

(efficiency factor) » &M A gBk AT ¥ ¥ 28K 5 020 N2 554 455 -

I'e

szm (7)
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3-2 finARAF el (Eddy Viscosity, 1)
oAb Bk (eddy viscosity) * f s ¥ inabAF fk#c (turbulent viscosity) @ £

— Mm Jg@u %? b oA R m»“k.,% ,a@:z ,b_}_-;}gpg. y — ﬁ;/fgéﬁai %‘3_} g*ﬁ:mgwgﬁg{

\

o FALF Gl AP IR R A& AT GBAR L BT 2L 80 8 A X
AR P R ARR R TR AL TR R ARR S R R L - Sk

ok AT B @A EAEE R B ATarnF At (8)

ou
K 0z

PR L T &Y (Reynolds stress) > » & FiniFaTou g o &

! I —

(8)

<

ou

F AR AR PR KA TR e R F L PR A
’iﬁ{__i&‘f%ﬁv%,ﬁ E{—-}%‘J kB4R xR E o

AARBAEL Y > AP Yoshikawa (2014) # d1en= i Bk k Ui g o

s
o

b AR A R AR T dic (eddy viscosity, p) 3¢ ; Yoshikawa &< }I% ¢ 3rd

Ji

BB B R ARF 836 9> % (Scheme) © % - ® Scheme £_Soulsby
(1990) #% 1enE Hff » E 52 > % - B Scheme &_Yoshikawa et al. (2010) 3% #]
EFHIRELAS ] I AT FRELPLBPIRF CBAFLE DT RE
el FaEst 8 o % = B Scheme ¥_Yoshikawa and Endoh (2015) £t % - 3 =
%0 B ERCAE S ANAEEL bl TR AR AT P AR
FEE B R TR AP R TR P A B0 AL (5 TR e R
BA M) > bt 2 p e (M2) et BB E T P AP REIR A RS
R R ORI E 2 RUR IR ARF Gt B e

o RRIORERE T AN (2)° TR T g Ededp KR
Tk R B Ay SRR Tl B B e 4T g Ay
B A ERER R hE e SRR A SR AN ARE  FAA PR UG » Y
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F e R PELHCCH A ow=u4iv s 2 u(z) ' G R AT ieh

Flo4es (9) Y i miic f 5PN ke

b _6[()6W 5
o TUW =5 MDD, (9)

Mk - PR ELRE R R Aok b R S (9)Y pER - W T
- R ZE TR AN (10) 0 W RdeoniE o W, AN R niE o

R ATEE TR el S R LE BE IR AR LR G T S

W(z) =W(z)—W,;

0 0
IfW(z) = — —Ww 10
W@ = o |u@ W) (10)
FI* 3L a2 (FAA) BN (10) =B AN (1) Fohflm SN 3B Rng
T ERS RS G T RERAS > IR (852 P (8
Wb o) TR L AR S B LR R R R T S
» gty

Wes=Wea Wei=We 1

; _ 2 2 _ 2 2 11
lfWkJr%AZ Hi+1 Az Hi Az (11)

RO BRI ESRERAN g Ao AT A S LT 0@
€ BAPALA TR B A (G B) FA 0 kst (11) Wy s

Ak = Ur+1Sk+1 — UieSk + €k (12)
& Yoshikawa and Endoh (2015) 7= 3 ¢ » @ ek # & dogfd i) > A L2 2
(Sum of Squared) #-3%Z j&AF B+ B E et (13)

ab+ab

E = (ek|€k), where (alb) = . (13)
[ S AR A R
1 OF
EE = (SK|SK):uK - (SK|SK—1):uK—1 - (aK|SK) =0 atk =K ( 14)
1 0E

2o Sra1lSidtirr = 2SSt + Se-1lSk) =0 at2 <k <K  (15)
K
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10E
20p

RP ARSI K RARER A TAATHE k=1 A ARRTRARPTH o b AR

= (S21SDuz — (S1ISDu — (az|S1) =0 atk =1 (16)

R IR A SO = PR VLR AU B ESE 30 SEHELR LS g 4R s kTR ST JE e )

% :IE.@_:‘Q;};E—% ;R.g‘_—.'r :

HiEd A
[ (SklSk)  —(SklSk-1) 0 0
(S+1lSK)  —2(SklSk) (Sk-11Sk) 0 0
0 SilSk-1)  —2(Sk-11Sk-1)  (Sk—2/Sk-1) 0
0 0
0 0 (S,151) —(5.151).

AR e g

Mk Mg-1 0 e o )T
wAEL E
[(aklSx) 0 0 - 0 (azlSD]"

(1)~ (15)~ 5 (16) P E e
Au=E (17)

B ASHbEd  BR\Y b @B RAMIT L B4 0 @ ASE

HRL - BHimlieiFaeLE@Y > R (18) f£diu(z) -
nw=A"1E (18)

AAEFETY AP MATLAB: % 258 9 A P i@ ¥ » 4 AR50 i g

B E A TRE S AN N (19) 58 (20) flad I fE g koplaR s e
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u+iv = (U; + iV)) exp(iot) (1 —exp (_(1 0 6%»

A gl e 41 A

RN SIEREL R ]
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T~ FHRER

4-1 A= Hé&x OR3-1887
OR3-1887 st 5 #) = % » % 2015 4 9 " 22 p 3 24 p -k P2 i

(23.402°E, 119.890°N) il 4 42 /] Frenc e &R > RIEE S Z AT LB @ #

REZp I EHNLE 2K (VMP-250) & 352 CTD 22 Sb-ADCP #ik p& 4 45 o
(b) Densit:
28 20 24
€ 40 o
e o £ g0 23 E
° £ 3
24 880 2
22 100
120 21
7 14 21 28 35 42 7 14 21 28 35 42
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(© \' |8 (d)o Bouyancy Frequncy (N?) 3
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& | 055 § >
(= (=] -5
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0
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@ - ®
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PR P A REFOFRIIPEY o RO SR AT
TR A F AR FBPEFRRRTE AP LY ISHK R HFLYR
0.9 ¢ ¥ inda s dupin s A0 23 BRI > FRPFIRE v A S N
2 1.65m/s 9P FFE- i s 02m/s §f s o

KB L BT A AP W R ER - AEBRRDE 204 1
80 F =+ ek MAE TR RE (e 14(d) > 4 HF v 10° sT it > @ 80
FLT R R iR R R > AR ARG =D

417 Sb-ADCP jiii# 7 & 3 L Bl B DI R B F SFengs sR okl o SV R R
T 85% -KiF (596 ) ehimig 7 A 15(4c B 14(e)) s FIRELE T+ (dU/dz) P
B It R R P B A ki < enpEiE > 1% B TR e RATE BRI D s R
FFEoB 14(D) 0 & AT RS RAEF RADTIRGE AR PIRDT B
BIFl B g b AT F 95 1009 Wkeg L AakP SR PRERE > = M2 ik ¥
e > ¥ oh AP pE e B KK (9 40~80 K)o 4 TR 8 107~10° W/kg
hE B o RS TEAEY ey (100 Wike) o B# ki BRI T R
T A &5 7)o

Fobg kg b FR0 RER KRS A AR (o B 14(h) 0 R & TR A
T R RER RSB RR TR ARP IR AR E R E o B

ST OUH BT AR 40 F 0 A BT EREEHR £ T RALAE R -

4-1-1 Ay 253 = gk -k B

kg RERA DTG ELE LT P il AF i m A gty
AAPTALORERAE TN RIPE - X OMAEY o NP R B
%ﬁﬂﬁﬁﬁj;y&ﬁﬁ%#gﬁﬁﬁﬁM2ﬁﬂnV—m?%ﬁﬁqw%%;m?i
BReskz o gt pd e ) £ F R DPETE o

A AR AT A T ik §RRRE R K KRR R B B
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BAP R ¢ AR T kb E Tine RICE B AT AERAT
RS ITERLPEDDRE BRI G > 4ot BE S ATAE > FRde RT R
ERE XL AR 104 FI 20K 2 B 4B 15° 2 BE S 55 sb-ADCP 80
T chg A TR 0 Ao d A 80 F T BRI R e A Bl i A s &
kA ehiE AP o B ACF AR R M2 P R kR G - B
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B3 (LRES )R R SR TROFRL 0.5 F > FAFFR & 80 & | 105
o Bt H R LG ETR] 15 g I RITP ORI P A0 A & 100 5 1
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AR B AR AR R 0 B P R Erend R Lot linA 4 0 A Ak
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4-2 A = Hex OR3-1923
OR3-1923 #7=k } ﬁﬂﬁ X 532016 & 4 7 27 p 3 28 P OR3-1887 #x=t **
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Tidal Ellipsis
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Interior Flow Velocity & Ekman Veering
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Temperature and Tidal Flucluatlon
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