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The feasibility of using LAS measurements of the turbulence structure parameters

of temperature above a forest canopy

ZHENG Ning', ZHANG Jinsong"*, MENG Ping', WEI Dandan', HUANG Hui', GAO Jun', JIA Changrong’,
REN Yingfeng’

1 Key Laboratory of Tree Breeding and Cultivation, State Forestry Administration, Research Institute of Forestry, CAF , Beijing 100091 , China

2 DA gou-he National Forest Farm, Jiyuan ,Henan 454650, China

Abstract: The atmospheric boundary layer is the transport pathway of energy, momentum and material and directly
influenced by the surface and forced on a timescale of about one hour or less. It is one of the major determining factors in
material and energy exchange between forest ecosystems and internal boundary layers. The refractive index structure
parameter (C>) is used to indicate the turbulence intensity. C is determined by structure parameters of temperature ( C3)
and momentum (C?).

The eddy-covariance ( EC) method is considered as one of standard tools estimating surface fluxes because it can
directly measure the energy transporting eddies and no similarity theory must be applied. Although the EC method is
straightforward conceptually, there are many shortages and additional corrections that need to be applied.

In the late 1970s, the assumption of using the scintillator to measure water and heat fluxes was first proposed. A
scintillometer consists of a transmitter and a receiver. The receiver measures intensity fluctuations in the radiation emitted
by the transmitter caused by refractive scattering of turbulent eddies in the scintillometer path. The measurement spatial
scale of the scintillometer is lager than that of the EC method, making the mean time of fluxes less than one minute. In
addition, the scintillometer is sensible to one dominant eddy size and interpolate the rest of the turbulent scales by using a

theoretical form of the spectrum, rather than integrating over all measured eddy scales.
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Raw data was processed as follows; a) the de-spike criterion set to remove signals that were more than twice the
standard deviation at half-hour time scale; b) the instantaneous flow was averaged to define a set of mean streamlines,
which was set as the x coordinate line, then the fluctuation components of wind and temperature (u’, v', w'and T") were
calculated; ¢) spectrum of turbulences was computed by using Fast Fourier transform and Hanning filtering methods; d)
the running mean was used to normalize spectrum density and the values of corresponding normalized frequency adopt the
middle frequency of this waveband; e) the inertial region was defined inside which the slope of the spectrum curve was
-2/3.

Based on the turbulent data measured above a 30-year aged mixed plantation canopy in the hilly zone of the North
China in the daytime (9:00—15:00) from April to August in 2010, C’ was measured and calculated using the large
aperture scintillometer( LAS) method and compared with the results obtained using three-dimensional sonic anemometers/
thermometers. The objective was to investigate the feasibility of using LAS to measure the turbulence structure parameters of
temperature above the forest canopy. The results showed that the inertial range could be observed in the spectra of
temperature and horizontal component of high-frequency part of wind speed. It was consistent with the =2/3 power law. The
C calculated using the LAS method had a high aggrement with the results given by the turbulence spectral method,
indicating that it was feasible to use the LAS method to measure turbulence fluxes over the heterogeneous surface. As the
LAS measurement has the spatial scale from a few hundred meters up to several kilometers which match relatively well with
the scale of satellite remote sensing pixel, it is widely used to validate the results obtianed by satellite remote sensing

technology.

Key Words: large aperture scintillometer; mixed plantation ecosystem; turbulence spectral structure; C7,
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