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Designing of gradient measurements
in the atmospheric surface layer*

V.F. Raputa and A.L Krylova

The problem of estimating the parameters of the atmospheric surface layer
from the data of gradient observations of wind velocity and temperature is consi-
dered. The numerical method of analyzing measurements and sequential design of
experiment is proposed. For the temperature-stratified surface layer the numerical
calculations of optimal location of observations are carried out.

1. Introduction

In the problem of determining the characteristics of turbulence in the at-
mospheric surface layer: the friction velocity u,, the vertical eddy heat flux
w'T" and moisture flux w'q’, by using the indirect methods, for example,
from measurements of profile gradients, errors arise due to random mea-
surement errors in mean values of meteorological elements. If suitable mod-
els, that correspond to physical conditions of observations, are applied for
approximating the measured wind speed and temperature profiles, various
criterions of the accuracy of the estimates of u., and the temperature scale
T., and the Monin-Obukhov length L can be formulated by the use of the
method of least squares (MLS). Since the quantities measured are one of
the different physical nature, the problem of many-criterion estimating the
surface-layer parameters arises. In this case, for estimating u, the calcu-
lational techniques can use only the measured wind velocity data and 7,
only the measured temperature gradients [1, 2]. In the method presented in -
this work for estimating u., T, L the unified criterion is used which takes *
account of the variances of the measurement errors of both wind velocity
and temperature as the weight factors [3].

For decreasing the effect of random measurement errors of these quanti-
ties on the quality of the estimates, the question of the optimal allocation
for the measuring heights is considered. According to [4], the problem of
constructing the experimental plan is phrased for the case, when some quan-
tities are measured at the same levels and in the same time.
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2. Mathematical formulation of the estimation
problem for the surface layer parameters

We consider the stationary, horizontally-homogeneous and stratified surface
layer in the atmosphere. Then, according to the similarity theory, the verti-
cal profiles of mean. values of wind velocity, potential temperature, specific
humidity can be presented in the form [5-7]
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Here u is the horizontal component of the fluid velocity, T' is the potential
temperature, ¢ is the specific humidity, @ is the Karman constant, g, is the
specific humidity scale, f,, fr, f, are the continuous universal functions, 2
is the roughness length. The Monin—-Obukhov length L is defined by
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where A is the buoyancy parameter.

Further, without the loss in generality, we will consider the problem of
determining both the momentum and heat flows. Let, for the evaluation of
the unknown parameter vector 6 = (tsxy T, L, T, zo)T, the measured data
of wind velocity and temperature be available at N levels:
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where E denotes a probabilistic averaging, d;;, denotes Kronecker’s delta, 2
is the lower level of measurements, h is the upper level of observations.
The parameter vector 6 is searched for so that the functional
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is minimized, where the weight factors oy, o2 are mean root square errors

of measurements of wind velocity and temperature, respectively. This form
has been chosen to eliminate the dependence on zy and 6y from (4).






