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ABSTRACT

This paper describes resulis of the fluxes of mamentum . sensible heat and latent heat for the West Pacitic Tropi-
cal Ocear Arca (127 E— 130" F . § "I =3 §). The data were collected by the small tethered bailoon sounding
system aver this occan ares including 6 continuous stations {1407 E.0° - 145 "E.0 7 150" E.0° (1407 E 57 N:
145 K. 57 N and 150 E. 57 NJ from 11 Qctober to 15 December, 1986 . These fluxes were caleulaled by the
semiempirical Nlus—praofile relalonships of Monn-Qbukhov similarity theory using these observed data, The resulis
show thal far this tropical ovean area the drag coethioient € is equal 1o (1.53 = 0.25) » 107" and the duily mean la

teni flux  #, is greater thun s daily mean sensible flux &, by a faclar af about 9.
1. INTRODUCTION

In the recent ten odd years the scientists of many countries over the world have been in-
terested in the climatic anomaly that is characterized by El Nino and Southern Oscillation
phenamena. The research of the air—sea exchange, the air—sea interaction and teleconnection
of some physical factors is (he key to this problem. The Chinese meteorologists think that the
Wesl Pacific Tropical Ocean Area is a stronger heat source on the earth. Some severe weather
processes are produced by iL. This vcean area continwously absorbs solar radiation. There are
ifiree ways, i.e. the verlical exchange of the small—scale turbulent motion, the meso—scale
weather processes and the large—scale severe weather processes, to transfer the stored heal en-
ergy in this ocean area to the affected region. Many observation researches have beer made of
the turbulent fluxes of momenturn. sensible heat and latent heat over the land. But it is rare ta
research verlical exchange of turbulent fluxes of momentum, sensible heat and latent heal
over the water. especially over the ocean. Among them AMTEX, BOMEX, MASEX.
JASINEX. FASINEX and GATE ure some famous air—sea exchange experiments.From 11
Oclober 10 15 December,1986.the science observation ship “Shi Yan 37 of Academia Siuca
completed the extensive comprehensive investigation of meteorology.oceanology.and uir—sea
interactions over the West Pacific Tropical Ocean Area (127 E~150 " E5° N-37 Ssee
Fig.l ). The data were collecied by Lhe tethered balloon sounding system (See Zhou et al.
1984 Qu et al., 1984} over this ocean area including 6 continuous stations (Le. 140 "E. 0

'i-An beiming and Sui Dong teok parl in observational work.
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145 E,0° ;150" E.0° ;140 E,5° N; 145° E.5° Nand 130 " E, 5° N ).The profil da-
ta of wind, air temperature, humidity. and pressure amount to 30 runs. The results of the
fluxes of momentum (that is the drag coefficient). sensible heai.and lateni heat were mainly
based on these profile data by the semiempirical flux-protile relationships of
Maonin—Obukhov similarity theory { see Businger et al; 1971). Table | summarizes these flux
resulis. Besides, the stability parameler - ¢ L . air emperature, humidity, mean wind speed,
Bowen ratio fi etc. are given in Table 1. These observation results were compared with
those obtained during AMTEX ( Japan ) and BOMEX (U.5.A).

Fig 1. Surveying line of ' Shi Yun 17 ship.

1. QBSERVATION INSTRUMENTS AND METHODS OF DETERMINING FLUXES

A small tethered balloon sounding system consisting of 4 blimp—shaped balloon, air-
borne telemetry package, ground receiver.data processing equipment and releaser, was used
for sampling air temperature, humidily, pressure and wind every 6 m in the atmospheric
boundary layer. Every observation took about fifty or sixty minutes. The mean profile data
were oblained in this period. There is one observation every three hours. Therclore we ob-
tained variation data of the turbulent fluxes.

It is well known that the methods of determining turbulent fluxes cover {a) eddy correla-
tion method, (b) energy dissipation method, {c) bulk aerodynamic method, and (d} mean pro-
file method. It is clear that the turbulent fluxes of momenturmn, sensible heat. moisture, and la-

tent heat can be wrilten us
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M=pw'y o, pK, o
H =¢ _JGI _ § o= —¢ . (‘ﬂ .
L =epwtli = —c pu 0= t(_,rJA”‘-.:‘ (11
_ 2

where the bar and the prime over a quantity indicute averaging and fluctuation vulues of the
quantity respectively. p is the air density. ¢, the specific heat al constant pressure ( for the

dry air C= L0053} - ¢ - K™, w, the friction velocity { u_ = —ww=op 1 e
surface stress), (. ihe temperature scale { , = —'w - w ). g. the characteristic
specific humidity (g, = —g'w ). wh and g are the instantaneous values uf the

wind speed. the potential temperature and the specific humidity respectively. K, Ky ond
K, are the eddy diffusivities of momentum, heut and moisture respectively.
For the latent heat flux of vaporization it is wrillen in form:

H =1L KQBJ )

where £ is the latent heat of vaperization and it is the function of air lemperature. and
takes 25107 - ¢ ' at 07 C . The ratio of sensible heat tlux to fatent heat ux may be written
in the tarm (i, ¢. Bowen ratio ) appmximalelv
o

=== e R
f H, L Ag o

Here K=K, isassumed.
According to the semiempirical tlux—profile relationships of Monin—Obukhov theory.
the wind shear. the temperature gradient and specific humidity gradient as functions ol

dimensionless height are written in the forms

0, 0= Ko fof
u, -
r,o”(-._'f]=§‘i ::2 (E))]
() =" *‘1 fﬁ
where =z L.L=—Tu ‘_ /g\?f’k 19 the Minin—Obukhov length. for (>0 i1 represents

stable atmosphere and for <0 unstable aimosphere. x s a von Karman constani. here we

tuke w=0.35
Using the observed data of Air Force Cambridge Labaratory,Businger (1971} gives the

real forms of @y, ¢y and of
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l‘+ﬁm%. 20
Py = L . (5}
i 7 <0
L+g 7. 20

- 71 - . (6}
—_ =y 2 = <
(-3, I N LS 0

where the constants y,, =15, £,=4.7, y,=9%and §,=64.
The integration of Egs. (5) and (6) leads to the explicit expressions of wind profile and
temperature profile ( Paulson , 1970 ).

for =/ L<0.
LR l(lni —¥) (7
u, - v )
where .
_ I+x 1+x .=
W, —21n(——-2 )+In(——ﬂ2 )— g x+2,
1 }
x= (=150 =g,
for z/ L>0
I - B
w x“n:“ +4.70), 't
and for temperature profile:
for z/L<
L o=0.74(n% —y.). {9)
« “n
where
g, =Yy,
i :
y=(-9)" =0,
for z/L>0 -
G B 9" z
= 0.74In— +4.7(. (10
- Z"
Here ;- is the extrapolation temperature at = =0 { It may not be the true surface tem-
‘perature .

Therefore based on these dala obtained by the small tethered balloon sounding system
over the West Pacific Tropical Ocean Area for a period of time and using the least square
method we have acquired mean wind profile and mean temperature profile. We use these
mean profiles to fit formulas{7)—(10). On the basis of mean profilies we calculate Ri value
[= (g /B)D/ @2)/ (Pu/@2)'] at a fixed level, for example, 10 m. From Ri-{ curve
(Businger et al., 1971) the corresponding { values are found. Based on the formulas {710}
the u, and B, values for different conditions are calculated. Finally according to the

formulas H = —c_pu, g, and M= —puz' we easily obtain the sensible heat flux
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H, .the momentum flux M {or the drag coefficent C,)and the latent heat flux H,.
HI. SOME RESULTS

Table I gives the daily variations of the turbulent vertical fluxes obtained by the above
mentioned computational method, corresponding to atmospheric stratification values and
rouline meteorological observational data for six continuous stations ( 140 E, 0°; 145" E,
0° 150" E,0°;140° E.5° N,145° E,5° N; 150 ° E, 5" N }in the investigated tropical
ocean area. Based on these results we will discuss the transfer properties of the turbulent
fluxes of momenium, sensible heat and latent heat for this tropical ocean area.

1. Momentum Flux

The process through which mementum flux was transferred to over and in ocean, is an
imporiant part of air—sea interactions. The sea wave. ocean current. and ocean swell. break-
down of sea wave, and wind storm tide elc. are the direct respense to the above process. Dy-
namic models of air—sea interactions usually have available only bulk weather dq.ta for initial

input parameters. Consequently the bulk aerodynamic formula r=pC”U2_ was

introduced, where C,, is the drag coefficient. It is important for us to study air—sea
interactions and air—sea interchanges. Besides. it is necessary for remole sensing of ocean
wave and wind field over acean area by satellite. The dependence of the drag coefficent on the
atmospheric stratification and wind speed was studied in some detail over land. The depen-
dence of the drag coefficient on wave slate has also received considerable attention in recent
years. Geerraert (1987) summarized some regression equations of the dependence of the drag
coefficient on wind speed for the neuiral atmosphere up to 1986. On the basis of some
observational results Businger (1973) gave the drag coefficient formulas for the stable and
unstable atmospheres. In the recent years both theory and observation have some works for
the drag coefficient over ocean ared.

1000

500

1 L 1
Q 500 1000 10U femm? - 577

Fig2. 1 vs. 10707 The straight fine corresponds to €= 153 107",
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Fig.2 shows u]‘ delermined by mean profile method as a fuction of 1078 for the

We;l Pucific Tropical Ocean Area. The straight line in Fig.2 corresponds to p=1.53x
107" . This result | €, ={1.53% 0.25)x 10" by meun profile method] seems a bit large as
compared with Hasse’s (1970) result [ C,p=1.21+ 0.24)% 1077} and Mivake’s (1970} result
| €,=(1.20=0.24)x 10™"]. As 4 matter of lact it may be so. Hasse’s and Miyake’ sresults are
obtained for slightly unstable conditions. It is well known that the drag coeflicient ¢, hasa
tendency to increase with increase of unstability. The unstability tor our observational period
is stronger than that for their observational period. But our result is consistent with Pond’s
(1970 results [ Cp=1(1.32x 0,40} x l(]"‘hy eddy correlation method and Cp=(1.55 0.40)
= 107" by dissipation method obtained near Barbados island. The above results are obvious-
ly believable because their observatlional conditions ( over ocean, unstable atmosphere 1e.
{=:./ L < 0,and variation range of the stability parameters Ri or { and mean speed ) are
basmally similar. From our abservational resubts it is seen that over the West Pacific Tropical
Ocean Area in the sume condilion of the stability parameter Rior |, the correlation depen-
dence of the drag coefficient €, on the mean wind speeds UF is better. In the same U
conditions the correlation dependence of the drag coeflicient Cp, on stability parameters Ri
or { 1Isalso better (figure omitled ). 1f wind speeds are different {or far different { values
in ynstable conditions). the correlation dependence of the drag coefficient €, on ¢ (oron
the mean wind speed &7 ) is not obvious ( figure omitted ).

2 Sensible Hear Flux and Latent Heat Flux

On the other hand. in air—sea interactions. as in day and night all the vear around the sea
surface temperature is almost larger than the air temperature for the observed West Pucific
Tropical Ocean Area {Qu.to be published) . the solar radiation stored in the ocean is transfer
red to the atmosphere in the form of sensible heat und Jatent heat. Therefore this ocean area is

a main heal source of the earth.
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Fig.3. The diurnal variations of the sensible heat {lux over the West Pacific Tropical Ocean Area.

Fig.3 is the diurnal variation curves of the sensible heat flux H. for the 6 continuously
observed stations. From Fig.3 it may be obviously seen that all day and all night far these sta-
lions the sensible heat fluxes Ff, always possess positive values { ie. the sensible heat Is
rransferred Trom the ocean o the atmosphere), which has no obviously diurnal variation.In
addition we may be found that the nightiime sensible heat flux is larger than that in the
daytime. Fig.4 indicates the diurnal variations in the sensibie heat flux H, for the Beijing
area in spring, summer. and winier using the above mentioned method on the basis of
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Fig.4. The diurnal variations of the sensible heat flux aver the Beijing area m spring. summec, and winter.
Table 2. The Comparison af the Mean Sensihle Heat Flua  F, and the Mean Lutent Heal Flux A, wmoeng the
West Pavific Tropical Ocean Arca, AMTEX, BOMEX. and the Beyjjing Arei.

. Mcan sensihle heat flux W Mean latent heat flux
Region L. Latd. . | .
H, (w m Hy w-m
|10 E o 194 176.5
145 E [} 6.4 1580
150 E 0 210 196 1)
WPTOA |
150 "k SN |7.4 1024
145" E TN 18.8 LIS
140" E 3TN L7 154.5
_ - _ —
17.0 : RE0
AMTEX | 123 E 23N 1
12913 i 894
210 70
1.0 135
BOMEX a0 " W 137N 1240 126.0
130 13R.0
130 1290
( 1.0 250
BELIING e E 40° N
10.0 450

Madian 325 m meleorological tower data. From Fig.4 it may be seen that sensible heat flux
aver the Beijing in spring. summer, and winter Beijing area all have obviously diurnal varia
tions in spring. summer, and winter.The daytime sensible heat flux is positive bul the
nighttime sensible heat flux is negative. Its values. above all its positive value and its negative
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value. correlale obviously with sunset and sunrise. In addition to different latitudes.the cause
ol the difference in transferred heat for the two areas is that their surface thermal characteris-
tics are obviously different. In addition,it may be seen (see Table 2) that the daily mean sensi-
ble hear flux values for the West Pacific Tropical Ocean Areu { its daily mean values for 140 °

E 0 145 B0 ;150" E.0°; 40" E.5° N: 145" E.5° N: (50" E, 5 N are abou
194 W/m'. 164 Wsm', 216 W/m' 170 W/m' 188 W.m. 174
W/ m® respectively) are larger than that for the Beijing area (they are about 11.0
W m’ and 10.0W £ m’ in spring and summer respectively ). The daily mean sensible heat
flux value for the West Pacific Tropical Ocean Area is grealer than that for the Beijing area by
a factor about 2. It is notewaorthy that this result that the sensible heat tlux for the West Paci-
lic Tropical Ocean Aera is greater than that for the Beijing area by a factar about 2 is the dai-
ly mean value. For some time of daytime the sensible heat flux over the Beijing area is greater
than that of the West Pacific Tropical Ocean Area. Besides.from Fig.3 it may be seen. that
generally speaking, the sensible heat flux values for the equutorial ocean area are greater than
those for 3 ° N ocean area al the same longitude. The sensible heat flux for 150 ° E equatorial
ocedn area 1S & maximum. Lt is because the surface temperature of this ocean area reaches
maximum.

Let us compare the latent heat Nux for the West Pacific Tropical Ocean Area wilh that
over the Beijing area. To estimate reasonably the latent heat fluxes for the {wo areas. based on
the humidity profile and wind profile observed by the small tethered balloon sounding system
al the West Pacilic Tropical Ocean Area using formulas (2) and (3), we obtain the sensible
heat flux and the latent heat flux for No.18 (November 21, see Table 1), and the Bowen ratio
0.07. Combining this result with foreign !-observational data of the Bowen ratio i and sur-
face temperature 7 (sea surface temperature or land surface temperature ). we vield the de-
pendence of the Bowen ratie § on the surface temperature T, which is plotted in Fig.5.

5[ 1 e Lcean ? Fuxauon
ab 2 Indan Ozeen B Wargsa
3 'paan Ocear
& Lake Egcurnbens 3§ Adarmc Ovean
. £ CSRO cysmater 13 Pag fie Ocean
= .
By B Unwiruly of Wiscenun 17 AMTEX
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o F] 2
¢ o
S SR E S S EN S S
3 E) Tere

Fig.5. The observational results of the dependence of the bowen ratie f on the surface temperature 17,

‘I'Priestley and Tavlor (1972} discussed specially 1he dependence of the Bowen ration on the surfuce
temperature 7 .
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According to Fig.5 and observational results of the sensible heat fluxes H, , sea surface tem-
perature 7, and land surface temperature 7T,; for the two areas, we oblamn the latent heat
flux H,. forthe West Pacific Tropical Ocean Area and the heat fluxes H,, for the Beijing
area in summer and spring. Table 2 summarizes the daily mean latent heat fluxes ﬁf'
and daily mean sensible heat fluxes }7‘ for the West Pacific Tropical Ocean Area.the Beij-
ing area. AMTEX, and BOMEX. From Table 2 it may be seen that the daily mean heat fluxes
(E,_ and H ) over the West Pacific Tropical Ocean Area are the largest. Bul there is an ex.
ception to the daily mean heat flux for AMTEX during 23—28 February. It is caused by a cold
air process. The daily latent heat flux  H, for the West Pacific Tropical Ocean Area is great-
er than that of the Beijing area by a factor about 3 in summer and by a factor about 6 in spr-
ing. This difference is caused by different thermal characteristics of the land surface and sea
surface. In addilion, from Table 2 it may be found that the daily mean latent flux r'-mz", for
the Wesl Pacific Tropical Ocean Area is grealer than the daily mean sensible flux H , bya
factor of about 9. Therefore the vapour latent heat transport is the most important in the all
transferred heat from this ocean area to the atmosphere.

1V, SOME CONCLUSIONS

According to the above observalional resulls of meteorclogy and oceanology in the West
Pucific Tropicat Ocean Area (127° E— 150" E, 5° N - 3 ° §) the following conclusions are
easily drawn.

(1) On the basis of the profile data of wind. air temperature and humidity about 30 runs
and by means of mean profile method it is obtained that for this tropical ocean area the drag
coefficient €, is equal to (1.53 £ 0.25) x 107, This result is close to the results obtained by
eddy correlation method and energy dissipation method under similar conditiens ( i.e. mari-
time boundary layver, the variation range of stability parameter { and mean wind speed U
are similar). Therefore for the sea—air exchange model of this ocean area it is reliable to use
the drag coefficient € =(1.33%0.23)x 107, In addition, for the remote sensing of the sea
wuve and wind field of this ocean area by satellite it is alsa dependable to use this drag
coefficient value.

(2} The West Pacific Tropical Ocean Area is a heat source on the earth which has no ob-
viously diurnal and annual variations.So far the heat transferred from this tropical ocean area
to the atmosphere is concerned, the sensible heat flux only amounts to about 10%. the rest is
mainly the latent heat flux.

The sensible heat fluxes for the West Pacific Tropical Ocean Area and for the Beijing
area are obviously different. For (he latter the sensible heatflux has obviously diurnal
varation and it is larger in daytime than in nighttime. But for the former, the sensible heat flux
has no obviously diurnal vasiation and it is usually larger in nighttime than in daytime. For
different longitudes and different latitudes of this ocean area the sensible heat flux is different,
and reaches maximum in the 150 ° E, equtorial ocean area. The daily mean sensible heat flux
for this tropical ocean area is about 18.0 W/ m’and is greater than that for the Bejjing area
by a factor about 2. '

The daily mean latent heat flux for this iropical ocean area is about 150 W/ m?,which is
greater than thal in spring by a factor about 6 and that in summer by a factor about 3. From
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the above results it is clear that for the hear transferred from this tropical ocean area to the
atmosphere the latent heut flux is important.
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