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On the Entrainment Coefficient at the Ocean Surface Mixed Layer Base
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Entrainment coefficient at the base of mixed layer is estimated using the data obtained from
TOGA COARE 1992. The data of vertical profiles were obtained at 156 °E of equator with every
3 hours interval. The mixed layer thickness were determined from the profiling using a criterion
of temperature difference of 0.1 deg. C. from SST. The estimated coefficient, A, which is defined
as a ratio of the net turbulent momentum flux in the mixed layer to the buoyancy flux at the base
of the mixed layer, is quite dispersive, especially for the mixed layer shallower than 15 m.
Entrainment rate E which is defined as a ratio of erosion velocity to friction velocity, also showed
a slight lower value than the result of Kato and Phillips (1969) for the shallower mixed layer.
These dispersive values are corrected using an empirically corrected erosion velocity. It is
concluded that the experimental result by Kato and Phillips (1969) can be applied to the real
oceanic mixed layer only within a certain restricted conditions.
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Fig.1. Schematic Definition of the quantities in the
one-dimensional mixed layer.
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Fig.2. Time series of wind speed (a), turbulent energy dissipation
rate averaged in the mixed layer (b), mixed layer depth (c),
entrainment velocity (d), buoyancy flux (e).

(1) We=dh/dt >0

(2) dTsy/dt <0
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Fig. 3. Estimated entrainment coeficient A plotted as a function of
MLD.

Table 1. Mearsured quantities and estimated entrainment coefficient A.

TIME Wind & MLD Wt dT/dt he Entreinment
(hr) (m/s) (cm?/s%) (m) (cm/s) (deg. C/s)  (cm¥/s?) Rate. A
48 2.5 0.000556 6.71 0.304537 -1.18E-05 0.373075 0.4530957
69 3.2 0.002931 15.19 0.088148 -1.13E-05 4.452189 1.4473496
72 3.8 0.000666 24.71 0.337407 -7.65E-06 1.645686 0.389952
78 3.9 0.000241 71.28 0.074167 -6.58E-07 1.717848 0.6648308
90 4.5 0.000328 6.9 0.101574 -2.13E-06 0.209592 8.3223925
93 3.4 0.000963 17.36 0.211574 -8.57E-06 1.671768 0.6338962
99 2.1 0.000774 35.27 0.122593 -2.72E-06 2.729898 0.1263248
111 3.9 0.002882 5.55 0.280833 -2.71E-06 1.59951 2.2550777
117 4 0.000203 7.59 0.056759 -1.52E-06 0.154077 8.8063009
120 3.6 0.000824 13.72 0.023704 -1.71E-06 1.130528 8.5009413
123 2.8 0.001252 16.28 0.297685 -4.56E-06 2.038256 0.2680898
150 2.8 0.001268 14.95 0.031019 -4.38E-06 1.89566 2.8020646
165 2.2 0.002105 6.11 0.109259 -1.60E-05 1.286155 0.9435753
174 4.8 0.004273 8.86 0.061759 -1.26E-06 3.785878 11.974098
186 4.8 0.002762 13.1 0.033889 -9.06E-06 3.61822 14.759155
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NE—=DT Ty JARETETNDBZEIEH), 779 7 ANFHERBEICRECELAEIND Z L%
Z25N5, 72, BE, HHETHOMSPO TR, BOEERIZAKET 10 MBI OWTnAL &1,
KED 5 10 MBF TOBGRERT — 713, PR TE THERERE- 22 55, TOGA-COARE?
F— 13, KET 5mb L EERBL T 55, 5mERDOEUERT—F DREIC L 2REBHAN LR
WX — - 7Ty 7 AFHBBRZEOFEL, JRVBABIIEKRE W, 2oL ) LHOREFHMERE L IT LD
ENERIZL 9 5,

2, ETEEHRENREY
Kato and Phillips (1969) »sEEfI KRS 72 #ATEERED, BABERORAEEw, & BERE
WD TEREING, T4bb

E=w/us e, (8)

BEBORIYETL TV 2RDBRARB—ANELEE (BEAHEE) IIMLDORRYIH L BEED
EDDLZEDTRTH L. ZOFEEREZE, 779 7 A0 ) ABROYWHENFINLWDT, A
IV IFBRB LI TE S, ZOHBEL, ADREN DB FEIEHAING ZEE3E) F
TLhV, ZOEHIRLT, BRHT—I»bRELLZE ERRTERINL LT - Y Fr— V>
BOBFRE AL,

Ri*zApgh/pu*z ..................... (9)

T2, AplBIRERBEMTHLTORBOEEXRT, BERE#060=0.00 TRELLZ X 2EEL
T, Ap=0.05%107% (g/cm?®) |[2E%ET 5.

Z D—HOFHiiFESE Table 2 i LHd, g S izEid Tablem B AR, $72, SV 7-) F¥—
kY UBIIR-OWICTL Th 5. Fig. 413, ZOFHliRR2 R-OBEEK L LT7ay FLAEZLDT,
R:=10~300 O I- KR 2 h7- fiE V413 Kato and Phillips (1969) DZEBRT— 2 L4 R L
{0 THL, ZZTHRELEnSn FRIE, 13T, Kato and Phillips (1969) DEE FiciEA T

Table 2. Measured quantities and estimated bulk Richardson number R.., entrainment rate E.

TIM W MEPS MT MLD WT R E=W/u«
48 2.5 0.000556 29.2498 6.71 0.304537  0.7014184 3.145244
69 3.2 0.002931 29.1511 15.19  0.088148  0.9691532 0.711241
72 3.8 0.000666 29.0296 24.71 0.337407  1.1179952 2.292581
78 3.9 0.000241 28.9528 71.28  0.074167 3.0617766 0.491022
90 4.5  0.000328 29.0962 6.39  0.101574 0.2061628 0.582806
93 3.4 0.000963 29.0732 17.36 0.211574  0.9811292 1.60671
99 2.1 0.000774 28.9624 35.27  0.122593  5.2251818 1.507303
111 3.9  0.002882 29.0468 5.55  0.280833  0.2383959 1.859251
117 4 0.000203 29.1862 7.59  0.056759  0.3099252 0.366378
120 3.6 0.000824 29.1698 13.72  0.023704  0.6916459 0.17001
123 2.8  0.001252 29.1513 16.28  0.297685 1.3566638 2.745066
150 2.8 0.001268 29.2853 14.95  0.031019  1.2458307 0.286038
165 2.2 0.002105 29.6996 6.11 0.109259  0.8247658 1.282298
174 4.8  0.004273 29.3633 8.86  0.061759  0.2512383 0.33221
186 4.8  0.002762 29.5608 13.1 0.033889  0.3714697 0.182294
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Fig.4. Estimated entrainment rate E plotted as a function of bulk
Richardson number R;. Thin rectangular shows the experimen-
tal data points area of Kato and Phillips(1969) and the solid line
shws the extension of the experimental results.

VB, RIIY, Ru<l TCOEDELDELFALND, ERD LDITTNOKE % SI3Fa EMLD* 15
mMEERD b DIZROENTWEZ L b, ADFHENENBER & —F LT3, 2D tid, ZVWREAET
DERICEEDRIED Y ICHRD D 3 %2 5 28B4 v, 15 mPBEOREAEICET 2ER, 13iITRA
DLz H B Z &5, Kato and Phillips (1969) DBIE, Ecc R UIMETLRY L->TW3b L5
AR BN, Z9 LEHEEENTLDEDERICOWTUTIRERE]L TAhL.

V. A, EDOFHMEREROER

HIRNAB L VEDFHERERE DT 50 & 0fE#iz, BWIESE T
(1) APREIZKEN '
(2) Exs{EsH il
EWV)ZETHD, I LAAMPRANLEREZRETT 2720012, A, EOHERICTIBE-TH S,
(1 X2 o

AOC(G* —D*)/Wt ..................... (10)

ThHY, iz, 8) XTH2LBNEIZ
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E= Wt/U*

THodh b, TOWMELILETS &, Ml (1), 2) »EBICES 50w BN NHEIZ %> Tw3
BThbd. —Fh, ADRE) DAIBREEAIL, (10) DSFIBRICFEMIS NZBS L1k, =
D7 — AT, UxHSEKIZTHE S L2 FAEm (1), 2) ERAkcED D 55, LrL, ZoBHa
RHEAE CRMERREI BN ZBEIFEZ IV, - T, BAWEEM L LT3, BoaED* D/
SHEiDA L% B,

Fig. 513 7 BlO&7 17 7 4 Me 2w CRATETHEi%E Lt MLDOBE 2 472 b 0T, MHo
FRIIAE— 1%KL, EREETHORVERRBNES 2B T—E0ERZLOHLIZLNT
H5H. Bohlc, KBGO LIZHE— 1 EmZRL T 525, MLDY® 8 mPl%k CEHBUARNET
PAHALNDE, TOT—FICIREMBEROT— I EEIN T EDT, BEMEEDRESE T,
LRBGAERSMET LT B2 L LW, Z2T, ZOHhb, v b A2y rERBDTF—5 D)
AFBUOHLT, FfEL 7oy b2 L 2EREEFg. 61cRY, Fig. 6 &k, A, EoffiicAv7
LDLE—TH B, HBEARE TOBBENMEFTIZb T 3H LI L, ADFiicH LN 5A> 8
D5 HOBRFMOBHEZHHAT HICBITRTH S, 209 2, Hriz, BHREB THEBRENE
INFHIE O TTREMEIZ & B A%, ZHER—HMTFIE EIFCRIME L7z & LT d, DHCHANRGHIEABIC K E W
DT, AN D% Y3 HKRES TR, 22T, BAwWDB/INTHEZRETL T4 5.

IV M A A MERBROT— IOV, Wit MLDOBHE2 70w + LR 2Fig. 7105/ T.
EFDIN—78 K3, HoLPRBVEAETWHET LTS, > 4> A FEkibiL, &
WIBABIICER AN —DERIKREZCDT, TPV X PEEIRIRELS L BETH D,
M nERIE, ETDEDTIN—7%BVI2EIcOnTALNEW EMLDOER %R 5 DT,

MLD-EPS CORRELATION

100
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MLD (m)

0. 0001 _ 0.001 0.01
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Fig.5. Scatter plott of averaged dissipation rate vs MLD for whole
profiles. Solid line shows the tendency of the points except those
with the MLD shallower than 8m.
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Fig. 6. Scatter plott of averaged dissipation rate vs MLD for entrain-
ing profiles. Solid line is the same in Fig. 5.
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we=(3.143/MLD) +0.0357 e (11)

TEENLHHRTH 5, 2oL S KECBTNALETOEIZ DN, 372 LTI DEIANB KR
Iz DD TV BRI P ERIET 27200z, cnbosnwriiicsz snswEE ¢l L
FTTARUVEZ B L Ca72. FofER%Table3 8 L veFig. 8, Fig. 9icR$., 7275L, EFns
N—7"8HNOW 1 Fi 15 mPURNEEBICHEL T wo T, Bz 5T h 2%, Fig. 88
X t°Fig. 9 7 & 8 & 20 ADsBAFHTE Ui Eo# Nl B A B & S N, BW RSB OEEH
Kato & Phillips (1969) DIEEAIC L N =BTV TV nEDhba 5. ZORKRIE, ZWEAEBT
DWD RN MBI Doz s VI ERICEC, L LEds, AR1IUTOMEICBEINZ LIS
2, DRELUELDE&DKREL, F72, EnfEL 1 282 285055, iU, 2> b fr x>
FoEBEGHT LV I LT =2 LIZE R, MRRAI L ZRERBORILOFE L EEICHR LA

Table. 3. Reviced estimate of the entrainment coeficient A, and the entrainment rate
E* corrected with an assumed wi,.

TIME MLD W, A E Correction Corrected
o) | () (em/y) We |We/Wi| As E.
48 6.71  0.3045 0.453 3.145 0.38 1.248 0.363 3.925
90 6.39  0.1015 8.32 0.583 0.39 3.842 2.166 2.239
117 7.59 0.056 8.8 0.366 0.38 6.786 1.296 2.484
120 13.72 0.023 8.5 0.17 0.225 9.783 0.869 1.663
150 14.95 0.031 2.802 0.286 0.21 6.774 0.414 1.937
174 8.86  0.0618 11.97  0.3322 0.37 5.987 1.999 1.989
186 13.1  0.0339 14.76  0.1823 0.24 7.08 2.085 1.293
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Fig.8. Reviced estimate of the entrainment
coefficient A.
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Corrected E-Ri*
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0.1 1 10 100 1000

Ri*
Fig. 9. Reviced estimate of the entrainment tate E.

The solid rectangular and solid line are the same
in Fig. 4.
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VI, TNV F-FZXHh 5 HT-ALEDRIER

B NE R & 2IRE LT, BEBERTOIFI 77y 7 AZREAEICEZ LB
HFELEENDELYIN A, ZoBRIE (7) RPBICEERZ 2773 TROEIIBLAA.

ApghwiA/o=us —he e (12)

—%, EDEHER
E =wi/ux
B (9) MiAEbELZZEIZEY,
E=1/Rs{l — Rafushe/(gh)3/A e (13)
PE,NE, BEL L PICENEROMBRIC L 5E — R-DEBRIBIRIZ
E=25/R~ (14)

EREBNT, RDOFEMH
RitZU*he/(gh)z << 1 ..................... (15)

IR LTE, BEbic, A=041IBET S, &M (15) % (9) RTHEZBEL AL L,

Ao/ he/ud) K1 e (16)
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