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Estimation of the Convective Boundary Layer Height Using a UHF Radar
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Korea Meteorological Administration®, Dept. of Astronomy and Atmospheric Sciences, Kyungpook National University**

Abstract : The enhancement of the refractive index structure parameter C,” often occurs where
vertical gradients of virtual potential temperature &, and mixing ratio g have their maximum values. The
Cy? can be a very useful parameter for estimating the convective boundary layer(CBL) height. The
behavior of C,% peaks, often used to locate the height of mixed layer, was investigated in the present study.
In addition, a new method to determine the CBL height objectively using both C,,” and vertical air velocity
variance ¢, data of UHF radar was also suggested.

The present analysis showed that the C,” peaks in the backscatter intensity profiles often occurred not
only at the top of the CBL but also at the top of a residual layer or at a cloud layer. The C,? peaks
corresponding to the CBL heights were slightly lower than the CBL heights derived from rawinsonde
sounding data when vertical mixing owing to weak solar heating was not significant and the heights of
strong vertical 8, gradients were not consistent with that of strong vertical g gradients. However, the an
peaks corresponding to the CBL heights were in good agreement with the rawinsonde-estimated CBL
heights when vertical mixing owing to solar heating was significant and the vertical gradient of both ¢, and
¢ in the entrainment zone was very strong.

The maximum backscatter intensity method, which determines the height of C,? peak as the CBL
height, correctly estimated the CBL height when the C,2 profile had single peak, but this method
erroneously estimated the CBL height when there was a residual layer or a cloud layer over the top of the
CBL. The new method distinguished the peak by the CBL height from the peak due to a cloud layer or a
residual layer using both C,% and &,, data, and correctly estimated the CBL height. As for estimation of
diumal variation of the CBL height, the new method provided more stable and reliable estimations of the
CBL heights in real time than the maximum backscatter intensity method even if the vertical profile of
backscatter intensity had two peaks from the CBL height and a residual Fayer or a cloud layer.
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Table 1. Characteristics of UHF radar used in TRAC experiment.

Parameters Churacteristic value

Transmitter

frequency 1,238 MHz

wavelength 24.2¢cm

peak power 4 kW

pulse length 150 m

pulse repetition frequency 20,000 Hz

one-way beam width 8.5°
Antenna

type five panel array

one vertical beam (elevation angle) | 90°

four oblique beam (off-zenith angle) | 17°

antenna area 2m°
Receiver

number of FFT points 128

number of incoherent integrations 10

number of coherent integrations 100

Inter Pulse Period 30ps

number of gate 30

range resolution 75m

maximum unambiguity range 6 km

velocity resolution 0.1 ms™

maximum unarnbiguity velocity +6ms”

minimum detectable signal -18.8dBZ
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Fig. 2. Vertical profiles of virtual potential temperature(d,}, mixing ratio(g), virtual potential temperature gradient(d, /dz), and
potential refractivity(M?) from rawinsonde observations at () 0803 and {b} 1659 LST and ¢, profiles of UHF radar
abserved shortly around launch time of the soundings an 1@ June, 1998 at Viabon. The Z; denoles the convective
boundary layer height determined by the gradient method of Sullivan et al {1998} from rawinsonde observations and
the Zpeakt (O Zpeax} and Zpeake represent the primary and secondary peaks in Co profiles of UHF radar, respectively.
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Fig. 3. As in Fig. 1 except for (@) 0802, (b) 1119, and (c} 1403 LST on 29 June, 1998. Vertical solid bars with B and S
characters in the leftmost panel represent a cloud layer and broken and scattered cloud, respectively.
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Fig. 4. Vertical profiles of UHF backscatter intensity and the CBL heights{asterisks) estimated by the maximum
backscatter imtensity method at (a) 0800, (b) 1100 LST on 19 June, (c) 0801, (d) 1121, and () 1401 LST
on 29 June 1998. The Z; denoles the convective boundary layer height determined by the gradient methad
of Sullivan ef al. (1998) from rawinsonde observations.
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Fig. 5. As in Fig. 4 except for the new method using €, and ¢, data. The straight salid lines and Z, represent
lines of linear regressions and the haight of zero heat flux obtained by linear interpolations of the heat flux
from the variance of vertical air velocity, respectively.
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