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ABSTRACT

On the basis of the Monin-Obukhov similarity theory. a semi-empirical expression of universal functions i<
fitted by means of the iteration method. using the gradient observation data of wind and temperature in the sur-
face layer. The characteristics of bulk transfer coefficient are studied and some cmpirical relationships among the
bulk transfer coeflicient, the wind speed and temperature are obtained. The applicability of the results is investi-
gated using observation data.
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[ . INTRODUCTION

The core in solving the land processes in the transfer and exchange of energy and mass be-
tween the underlying surface and the atmosphere. In determining with observational data the
exchanges of momentum, heat and water moisture between them, the usual way is employing a
parameterization scheme expressed by bulk transfer coefficients (Eageleson, 1981). The issue has
thus been reduced to-one that determines the coefficient that describes the bulk transfer of matter
and energy between the land and atmosphere. Much work has been done on this aspect (Chen
and Reng, 1984; Ma, 1990; Lu, 1989 and Zuo and Hu, 1692). With the bulk transfer coefficient.
the momentum, sensible heat and water vapor flux are determined with the wind speed in the
near-surface layer and vertical distribution of temperature and humidity given by the model.
There has been not much work on the issue for the area of Guangzhou due to insufficient knowl-
edge of the coefficient, incomplete research with different underlying surfaces, and limitation of
observational data. Based on gradient observations in Guangzhou, preliminary discussions are
conducted here to study the universal function and bulk transfer coefficient for understanding of
patterns of turbulence near the surface.

II. BASIC THINKING AND ALGORITHM OF PP

The data used in the work is part of the observed heat equilibrium in Guangzhou in 1958.
The observation site is flat and open, with great degree of horizontal homogeneity. The terms of
observation include air temperature, water vapor pressure and wind speed at heights of 0.5 m and
2.0'm and accuracy of 0.1°C, 0.1 hPa and 0.1 m/s, respectively. The observation was taken at
0100. 0700. 1000, 1300, 1600 and 1900 (Local time). Details of instrumentation and observation
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are referred to Chen et al.(1982).
[lI. METHOD OF ANALYSIS

Following the Monin-Obukhov similarity theory, dimensionless gradient of wind speed and
temperature are written as follows for the near-surface layer with homogeneously even underly-
ing surface:

U U

Z =)
57z m(&) (1)
or T,
- =— 2
7 iz &) (2)

where U, is the frictional speed, 7, the characteristic temperature and ¢ =z/L the dimen-

sionless height. k is the Fencarmen constant (taken as £=0.4), and o, ®, are dimensionless wind

me

speed and temperature. It is then clear that the study of wind temperature profile can be reduced
to that of the universal function (¢}, whose empirical function takes on the form that is deter-
mined by experimental data. By the following expression,

L=UZM I(keT.) 3)

is determined, in which 7 is the mean temperature for the near-surface layer, g=9.8 m/s2 the
gravitational acceleration. Much experimental data (Haugen, 1973) have shown that

®n1(4)=1+ﬂ/71§ (D,({):]+ﬂ,§ 420 ()

@,,(0) =17, OO =0~y ¢<0 )

where B, ,B,,7,,y, are parameters to determine. Integrating Eq.(1) from height Z| and Z;
yields

U(z,)=U(z))=U,y, [k (6)

T(z,)=T(z)=T.y,/k (7)

where ¥/, .y, are the functions of integral approximation, which, following Paulson (1983?),
can be expressed as:

v, =InZ,/2))+ B, (Z,-Z)/L ¢ 20

‘///:ln(Zz/Zl)'*‘/B/(Zz_Zl)/L ¢20 (8

V/m = ln _Z—z“ + ln (xi- +1Xx| +1); + 2(tan_l X5 _tan_-l xl) g < O
(x2 +1)x, +1) )
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1)
Y, = ln(z—zj+ 2ln(l1——t——J ¢<0 (9)

z, (¥, +1)

Where—ﬁ ==y, /D', X, =(-y, ::/L))N’ n=0-yv, Zl/L)l . y,=U-7, :2/[')":-
The gradients for temperature and wind speed are exactly determined using the formulae of
logarithmic interpolation as in

oU _U(z,)-U(z) T _T(z,)-T7(z)

= == (10)
o Z(n(z, -z,)) 2z  Z(In(z,-z,))

where Z = /z,z.. Substituting Eq.(10) into Egs.(1) and (2), we have
@, (Z/L) = k(U(z5)-Uz))(U. In(z5/z))) (an)
®,(Z/L) = k(T(z2) - TY(T In(z5 /1)) (12)

By substituting Eqs.(6), (7) into Egs.(11), (12), we have

Ly.m :ln(22/21)¢m(5/L) (13)
Y, =in(zy /z¢,(=/ L) (1)

Using Eqgs.(13), (14), the coefficients in Egs.(4) and (5) are obtained.
Following Yokoi (1991), dimensionless height ¢ is related to the Richardson number R;
for the gradient as

z/L=R,/(1-5R)) $>0 (15.1)

z/L=R, $<0 (15.2)

where R; is derived in

2
g AT V212, (ln(z2 !z, ))

= — +N
T| {zz,(n(z,/z)) & Au

As there is a relationship of non-linear implicit function in Egs.(3), (6), (7), (13) and (14),
solutions have to be sought by means of iteration as in:

() With the wind speed and temperature observations at the two heights, R; is obtained
from Eq.(16) and the initial value of the Monin-Obkhov length L is derived by substitution of
Eq.(15);

(2) With the initial profile parameters 81", B© y'? 4 given, y . are known from

(16)

Egs(8)and (9) and U, T are known with substitution of Eqs.(6) and (7). Then, Eq.(3) is
used to obtain the 15! order approximated value of L  before making known the same ap-
proximations of  gI" B1? @ () for the profile parameters using Egs.(4), (5), (13) and (14);

(3) By substituting L) and g0, g, 51 4 ® into Eqs.(6) and (7), UM, T are known,
which are then substituted into Eq.(3) for 1®); Egs.(4), (5), (13) and (14) are used again to ob-
tain B2, g0,y 0
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(1) Repeating the steps above, the computation does not stop until the result so obtained

between two successive L in iteration meets the criterion of '(L‘"*" - L"'))/L‘"*” <0.01.

The flux of turbulence momentum is expressed by
t=pCdU.-U,)’ (7

where (', is the bulk transfer coefficient of momentum flux, U, the mean wind speed at the

height of z above ground level, U the wind speed at the ground surface, which takes U =0 for
the land. As a result, the bulk transfer coefficient is expressed by

Cd=U?/U? (18)

i.e. Eq.(18) is useful for determination of the bulk transfer coefficient for momentum flux.

IV. ANALYSIS OF RESULTS

1. Universal function and M-O length L

Based on the method and data above, the mean values and standard deviations of
BBy, .y, are respectively 5.53, 5.53, 18.76, 10.63, 0.39, 0.39, 0.60 and 0.36. Then the

semi-empirical expression for changes of the universal {function with ¢ becomes

P,(5)=¢,(5)=1+553¢ 0<¢ <03 (19)
mltr(():(l“18-76§)vi/4 -1.0<4 <0 (20)
@, (&)= (1-1063¢)"""> ~1.0<£ <0 Q1)

Additionally, another form of universal function, available with the least square fit and the
Richardson number as the stability factor, is written as

®,,(R;)=d,(R;)=1+595 0<R; <02 (22)
®,(R;)=(1.03-1566R,)"*  -10<R; <0 (23)
®,(R;)=(1-862R,)""*  -10<R; <0 (24)

It is known from the discussion above that the computation for determining L is too compli-
cated to apply in practice. Based on observed gradients, the empirical relationship expression
between L and land-atmosphere difference and wind-speed difference is shown as

L=23.764T, - T,) "%, -u,)' ! Ty —T, >0 (25)

L=-18812T, -Ty) ' M, —u,)* 80 Ty -T, >0 (26)

where 7, is the temperature of land surface, 7, the air temperature at the height of 2 m and (",

and U, the wind speed at 0.5 m and 2.0 m, respectively. In conventional computation, L can be
decided through Eqgs.(25) and (26) before substitution into Egs.(6) and (7) for U* and T* | and
further on for sensible heating etc. Comparing the results of o, o, ; as derived in Egs.(22) -
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(20) with those obtained by the profile method, we find that the correlation coefficients and mean
standard deviations become 0.99, 0.99. 0.99, 0.67, 0.78 and 0.83 X 10-4, 0.29 X 10-2, 0.46 X 10-2,
0.12x103,0.11 X103, respectively. it suggests good fitting for each of the expressions above.

2. Churacteristics of bulk transfer coefficient

Fig.1 gives the diurnal variations of C, and U, for January and July in 1958. It is shown
that (", decreases as U, increases but increases as C, decreases. The figure shows a clear
correlation between C, and U, in which U, and U, vary by the same magnitude of ampli-
tude.

Fig.2 shows the relationship between the bulk transfer coefficient and the wind speed at 2.0
m. It is obvious that in any stratification condition the bulk transfer coefficient decreases as the

wind speed increases, being consistent with Fig.1. When the mean wind speed is small (R >0),

. <1.8 m/s; with R <0, ¢, >1.6 m/s. In other words, the coefficient is sensitive to the

change in wind speed in a manner that is non-linear and discrete. 1t may be accountable by the
fact that small magnitude of wind speed is favorable for the stratification to develop towards
convectjon so that the superadiabatic process and exchange of turbulence become stronger in the
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Fig.1. Day-to-day changes of bulk transfer coefficient ¢, and wind speed u,
in (a) January and (b) July.

near-surface layer. On the other hand, as the wind gets stronger, the bulk transfer coefficient
decreases and becomes closer to constant, because the stratification tends to be neutral or near it

as the wind increases. With the condition of stable stratification and ¢, >4.2 m/s, the coefficient
is within the constant region of 11.6 X 10-3; the unstable stratification with u, >4.2 m/s moves a

bulk transfer coefficient to a constant region of 12.1 X 10-3. With statistic analysis of computed
results for the year of 1958, the bulk transfer coefficient is found to relate to wind speed and dif-
ference between land and atmosphere by the following way.

Cyx10° =14.4 -333U, +0.65U3 27)

L

C,x10° =2336U;°* (28)
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C,x10° =2551U5938 (1, -75) " T,-T, >0 (29.1)

Cyx10° =15.80u30 12(T, - Ty) " Ty =Ty <0 (29.2)

where (/, is the wind speed at 2 m, 7, the temperature at ground surface and 7, thatat 2 m.
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Fig.2. Reiationship between bulk transfer coefficient ¢, and wind speed at the 2.0 m level

with R >0(a)and R, <0.

3. Tests of appheubility for the expression of the fitting relation for bulk transfer coefficient

Fig.3a, b, ¢ show in comparison the flux of turbulence momentum as derived from Eqs.(27),
(28).(29) and (17 [denoted by subscript "est"]and that which is obtained by the profile approach
(denoted by subscripts "obs™). It is seen that good correlation exists between the flux of turbu-
lence momentum by both methods, the correlation coefficients being 0.81, 0.92 and 0.92, and the
relative error being 0.26, 0.16 and 0.15, respectiveiy. From the fitting expressions of Eqs.(27).
(28) and (29), we know that the drag effects of turbulence friction are expressed by the bulk
transfer coefficient of the momentum flux and dependent on kinetics, but Eq.(29) seems to fit the
bulk transfer coefficient best when the thermodynamics term is included to account for the close
relation between C, and the stratification. The analysis above indicate that Eqs.(28) and (29)

have good applicability.
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Fig 3. Comparison between the estimated momentum flux by the empirical expression and
calculated momentum tlux by the profile method.
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V. CONCLUSIONS

a. A semi-empirical expression of universal function is derived in this work that is applicable
for the area of Guangzhou and an empirical expression is obtained for the relation between
wind/temperature gradient and Monin-Obukhov length L.

b. The bulk transfer coefficient decreases as the wind increases while it largely becomes a
constant when the wind is getting stronger.

c. An empirical expression is obtained for relation between the bulk transfer coefficient and
mean wind speed and land-atmosphere temperature difference, which is shown to have good
applicability.

The results above are of some reference value for the parameterization of land surface proc-
esses.
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