STABILITY DEPENDENCE OF THE TEMPERATURE
STRUCTURE PARAMETER

(Research Note)

TH. FOKEN
Main Meteorological Observatory of the Meteorological Service of the GDR, Potsdam, GDR

and

D. KRETSCHMER
Humboldt University, Department of Physics, Institute of Meteorology and Geophysics, Berlin, GDR

(Received in final form 10 April, 1990)

Abstract. Experimental data of C 2 determined during various experiments in the surface layer, are
compared with several functions giving the stability dependence of the temperature structure parameter.
The universal function of the dimensionless temperature gradient by Skeib (1980) foilows very well
the experimental data and the empirical function by Wyngaard et al. (1971). This function can be used in an
inertial-dissipation method.

1. Introduction

The determination of the vertical distribution of the temperature structure function
is of particular importance for use in models of the atmospheric boundary layer
and for determination of the refraction structure parameter and its relation to the
propagation of light and astronomical seeing. The vertical distribution of the
temperature structure function depends mainly on the stratification:

C%=7z*? - (30/82)* - fr(Ri) )]

(Wyngaard et al., 1971) where C% = temperature structure parameter, z = height,
# = potential temperature, Ri = Richardson number. Using the vertical tempera-
ture profile,

360 T T,

—_——— =

0z 0z A-z

d’h(Z/L) ’ (2)

with T = temperature, ¢,(z/L) = universal function of the sensible heat flux,
T , = dynamic temperature scale (T, = —w'T'/u,), u, = friction velocity, L =
Obukhov length, w'T’ = temperature flux, A = 0.5 for o, = 1.25 = ratio of the
exchange coefficients of sensible heat and momentum, we obtain the well-known
equation

CT=T% A% $u(z/LY - fr(zIL) - 2777, 3)

where fr(z/L) = empirical function given by Wyngaard et al. (1971). On the other
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hand, Wyngaard et al. (1971) determined

CZ = Ti R /\—2. Z~2/3 gT(z/L) (4)
with
1.225[1 — 7(z/L)]*?, /L <0
gr(z/L) = { [1-7(z/L)] N z )
1.225[1 + 2.75(z/L)*),  z/IL>0

for measurements over land. This function was confirmed by Davidson et al. (1978)
over water.

The purpose of the present paper is to determine the stability functions f(z/L)
and gr(z/L) and to demonstrate that they can be used to compute the heat
exchange. This will be proved by comparing fluxes estimated with an inertial-
dissipation method with fluxes directly measured by the eddy correlation approach.

2. Description of the Measuring Site

During the international experiment KUREX-88 in Kursk/USSR (Foken, 1989),
some special measurements were made with the turbulence measuring system of
the Main Meteorological Observatory in Potsdam/GDR (among other devices
sonic anemometer Kaijo Denki DAT-300 and highly sensitive platinum-wire tem-
perature sensor) and a method of determination of the temperature structure
parameter (Gerstmann, 1989; see also Moulsley et al., 1982). Therefore, a narrow
band-pass filtering of the temperature signal was performed to determine the
spectral density at three frequencies within the inertial subrange of the temperature
spectrum. The sensor signals are, via multiplexer and A/D converter, transmitted
to a micro-computer to determine mean values, standard deviation and turbulent
fluxes within the frequency range of 0.001 to 20 Hz. About 100 series of 35 min
length each were made above a buckwheat field at a height of 2 m above the zero-
plane displacement. The data were collected under several weather conditions.

3. Determination of the Empirical Function

The factor
252, 2 grz, accord¥ng (4) (6)
A= ' = )¢ - fr. according (3),
Ts ¢

was determined from all measuring series. In Figure 1 the relation to the stability
parameter z/! is illustrated. Figure 1 also shows the universal function of the
sensible heat flux given by Skeib (1980) (see also Foken and Skeib, 1983) in an
updated form,

[(z/L)/0.125)* 0.125 =z/L

dn(z/L) =11 ~0.0625 < z/L < 0.125
[(z/L)/—0.0625] /2 7Z/IL = —0.0625

(7
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Fig. 1. Comparison of the stability dependence of experimental data of the factor A (see eq. 6) with

several functions. x: KUREX-88, 2 m, Foken (1989); O: Karl Schwarzschild Observatory in Tauten-

burg 1987, 8 m, Foken et al. (1990). - - - ---- empirical function 1/fr by Wyngaard ez al. (1971); ———-

empirical function gr by Wyngaard et al. (1971); ------ universal function by Skeib (1980); —--—
universal function by Businger et al. (1971).

The comparison of the experimental data with this universal function shows

__|8x(z/L)
u(zIL) { )’ @®)

1.e., the use of the usual universal functions is possible.
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Fig. 2. Comparison of sensible heat fluxes determined by the inertial-dissipation method after eq. (9)
and direct turbulence measurements (corelation coefficient 0.94, 92 measurements).

4. Comparison of the Model with Experimental Data

From equations (6) and (8) follows
Cr=T% A7 gulall) - 277, ©)

This result was tested using the data of the KUREX-88 experiment (Figure 2).
For this test the friction velocity was determined by flux measurements. For more
practical use, the friction velocity can be determined by profile measurements or
above the sea by the bulk method. An iterative scheme was used to determine
Z/L.

In a recent paper, Fairall and Larsen (1986) showed some ways to use the
energy dissipation method for the determination of turbulent fluxes, especially
over the ocean. The starting point is equation (9) with the empirical function by
Wyngaard et al. (1971) according to (5). Obviously the function given by Skeib
(1980) and the experimental data are in better agreement with the empirical function
1/f; given by Wyngaard et al. (1971). In spite of some reservations concerning the
dissipation method, the results speak in their favour.
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Because it is easy to determine the structure parameter by the spectral method
with highly selective filters, this technique may be used also for more practical
problems.
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