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ABSTRACT 

Profiles of the power scattered at vertical incidence by an MST radar have been compared with 
temperature profiles measured by radiosondes launched nearby. The results are consistent with 
a standard scattering model for low and medium scattered power, but deviate from the model 
at high power. Tropopause heights have been derived from the radar data by two methods: the 
maximum power and maximum power gradient. The two criteria appear to be equally effective 
as predictors of the tropopause, despite the theoretical expectation that the latter should be 
superior. Radiosonde tropopauses which were highly indefinite (no marked change in lapse rate 
between troposphere and stratosphere) were associated with a shallower minimum than normal 
in the radar power profile in the upper troposphere. This ability to detect highly indefinite 
tropopauses shows that an MST radar may be used to monitor continuously the structure of the 
thermal tropopause. 

1. Introduction 

The possibility of measuring the height of the 
tropopause by VHF radar, at frequencies around 
50 MHz, was introduced by Gage and Green 
( 1979 ). They noted that the radar echoes from a 
vertically-pointing beam are strongly enhanced in 
the lower stratosphere. These echoes are specular 
in nature: the echo power decreases rapidly with 
angle as the beam is pointed away from the zenith. 
A typical echo power profile from a vertically­
pointing beam is presented in Fig. 1. This clearly 
shows a minimum in the upper troposphere and a 
secondary maximum just above the tropopause 
(here at 8.5 km), with a decrease in power with 
height in the stratosphere. 

A theoretical model for the enhanced VHF 
echoes at vertical incidence was presented by Gage 
and Balsley (1980) and Gage et al. ( 1981 ). Termed 
Fresnel scatter, the model relied on horizontal 
coherence of temperature irregularities in stable 
regions of the atmosphere, i.e., a consistent pattern 
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of vertical variations in temperature over a hori­
zontal region commensurate with a Fresnel zone of 
the radar, .}Zii2, where Z is the range and A. is the 
wavelength of the radar. Such irregularities were 
postulated to arise from anisotropic turbulence 
and to persist after the turbulence dissipated, 
and have since been observed directly by aircraft 
transects of the tropopause region (Sala the and 
Smith, 1992). Vertically-reflected radar power is 
reinforced by the horizontal coherence, consistent 
with the marked specularity of the observed 
echoes. 

The radar reflectivity is proportional to the 
Fourier component of the vertical gradient in 
refractive index, n, at half the radar wavelength: 
an;az I 2/2. By appealing to the universal spectra 
commonly associated with turbulence, Gage et al. 
postulated that the Fourier component of interest 
would be proportional to the average value of 
8n/8z, or M, sometimes termed the potential 
refractive index. Thus, the power received P oc M2

: 
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