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Abstract 

Uncertainty in the magnitude and distribution of diabatic heating 
associated with precipitating cloud systems is one of the major 
factors giving rise to uncertainty in the simulation of large-scale 
atmospheric circulations in numerical models of the atmosphere. A 
major international effort is under way to develop an improved 
parameterization of the hydrological cycle within numerical models. 
Progress will require better observations of the distribution of the 
diabatic heating associated with cloud systems in the Tropics. In this 
paper new observations are presented demonstrating the potential of 
UHF profilers for diagnosing the vertical structure of convective 
systems in the Tropics. These preliminary results indicate that while 
mesoscale convective systems are prevalent in the Tropics there are 
important contributions to rainfall from smaller-scale warm rain sys-
tems that do not extend above the freezing level. They also show that 
extensive regions of upper-tropospheric precipitating clouds often 
exist at times when no rain is detected at the surface. These 
observations provide important information that should prove useful 
in developing improved methods for estimating precipitation from 
satellite observations. 

1. Introduction 

In the past eight years, 915-MHz radars (Ecklund et 
al. 1988,1990) have been developed for observation 
of lower-tropospheric wind profiles in the Tropics. 
These radar wind profilers are designed to operate 
unattended and are intended for long-term monitoring 
of tropical winds. Because their wavelength (33 cm) is 
short compared to other wind-profiling radars, they are 
much more sensitive to precipitation than other wind 
profilers that typically operate at 50 and 404 MHz 
(Balsley and Gage 1982; Rogers et al. 1993). While 
originally developed for wind profiling, it is becoming 
evident that these profilers are also capable of reveal-
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ing details about the structure of precipitating cloud 
systems in the Tropics (Gage et al. 1995; Ecklund et 
al. 1995). Other research primarily at midlatitudes has 
demonstrated that wind profilers can provide much 
useful information about rain and snow (hydromete-
ors) (see, for example, Currier et al. 1992; Gossard 
1988; Ralph 1995; Rogers et al. 1991; Wakasugi et al. 
1986, 1987). 

2. Description of the 915-MHz 
Wind profiler 

Echoes from the "clear" atmosphere seen by wind 
prof i lers are due to backscat ter ing from 
inhomogeneities in radio refractive index caused by 
turbulence. The turbulent irregularities are advected 
by the wind and produce the Doppler shift measured 
by the profiler. Turbulent scattering, often referred to 
as Bragg scattering, is the primary echoing mecha-
nism that makes possible the routine measurement of 
winds by wind-profiling Doppler radar. 

Quantitative measurements from Doppler wind 
profilers are derived from the spectrum of Doppler 
velocities. Doppler power spectra are typically re-
corded at about 50 range gates along each of three to 
five fixed antenna beams. Dwell time on each antenna 
beam is typically in the range of 30 s to 2 min in marked 
contrast to the very short dwell times used by scanning 
Doppler weather radars. In the usual wind-profiling 
mode, one of the sequentially sampled beams is 
directed vertically to measure precipitation fall speed 
to provide a correction for wind measurements made 
on oblique beams. For each dwell time an average 
Doppler power spectrum is calculated. For operational 
profilers, moments are calculated from these approxi-
mate 1-min spectra. For research profilers the full 
Doppler power spectra are recorded at each height 
and for each beam position. In this paper, we consider 
only observations made with the vertically directed 
beam. 

The 915-MHz profilers considered here were de-
veloped for observing the lower tropical atmosphere. 
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TABLE 1. Typical 915-MHz profiler parameters. 

Wavelength 32.8 cm 

Peak power 500 W 

Antenna type Microstrip phased array 

Antenna beams 3 - 1 vertical beam and 2 orthogonal beams 

21 degrees from zenith 

Antenna steering Electrical 

Antenna size 1.8 x 1.8 m 

Beamwidth 9° 

Height resolution 105 m (low height mode) 495 m (high height mode) 

Max height sampled 5.2 km (low height mode) 12.6 km (high height mode) 

Sample spacing 105 m (low height mode) 255 m (high height mode) 

Max radial velocity 1 1 m s - 1 

Spectral points 64 

Spectral averages 60 

Dwell time Approximately 30 s 

Data recording 900-MB optical disk 

They are small, low-powered devices that can be 
operated unattended in almost any location including 
aboard ship when suitably isolated from ship motion 
by a stable platform (Carter et al. 1992). The original 
version of the 915-MHz profiler at Christmas Island 
used three separate flat microstrip an-
tennae to observe in three fixed direc-
tions. During the Hawaiian Rainband 
Project a one-of-a-kind mechanically 
steered system was used for observa-
tions near Hilo, Hawaii (Rogers et al. 
1993). This system used a single an-
tenna mounted on a mechanically steer-
able platform to look in five preselected 
directions. Later versions have employed 
phased arrays capable of electronically 
steering the beam in three to five 
preselected positions. 

The Integrated Sounding System 
(ISS) version used in the Tropical Oceans 
Global Atmosphere Coupled Ocean-
Atmosphere Response Experiment 
(TOGA COARE) had a balloon sound-
ing system and package of surface in-
struments in addition to the profiler. 
The ISS is described in Parsons et al. 
(1994). 

Table 1 lists typical parameters of a 
915-MHz profiler. The profilers are usu-
ally operated in two modes. The low 
height mode uses a pulse length close to 
100 m, and the high height mode uses a 

pulse length in the range of 400-500 m. 
The 915-MHz profiler is a low-power 
device with peak power of 500 W and 
with average power output of 10-20 W. 

3. Application of the UHF 
profiler to diagnostic 
studies of tropical cloud 
systems 

The development of realistic climate 
simulations will require an improved 
understanding and parameterization of 
global cloud systems (Browning 1990). 
While much is known about the mesos-
cale structure (see, for example, Houze 
1993) of midlatitude convective sys-
tems from case studies using scanning 
Doppler weather radars, much remains 
to be learned about the climatology of 
precipitating cloud systems in the Trop-
ics. The UHF profilers can provide the 

climatology of precipitating cloud systems from long-
term observations at selected sites, but higher-fre-
quency cloud radars and lidars will be needed to 
detect cirrus clouds. The 915-MHz profiler can detect 
precipitation less than 0.01 mm hr 1 up to 6 km in the 

FIG. 1. Stacked Doppler spectra from observations taken on the vertical beam of 
the 915-MHz wind profiler at Manus Island on 29 July 1992. At each height the first 
moment of the spectrum (indicated by the vertical bar) gives the vertical velocity, and 
the second moment (indicated by the horizontal bar) gives the spectral width. The 
panel on the right shows the vertical profile of equivalent reflectivity. 
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