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[1] The diurnal cycles of surface rainfall, population of
precipitation systems, deep intense convection reaching
near the tropopause, lightning flash counts, cold clouds, and
vertical structure of precipitation are analyzed over the
tropics, using 9 years of TRMM Precipitation Radar, Visible
and Infrared Scanner, and Lightning Imaging Sensor
measurements. The diurnal cycles over land include a late
afternoon maximum of precipitation systems, with phase
differences among cloud, precipitation, flash counts, and
radar echo at different altitudes. Over ocean, the diurnal
cycles are interpreted as having contributions from
nocturnal precipitation systems and early afternoon
showers. There are double peaks of radar reflectivity
above 12 km near 0230 and 0530 local time over oceans.
The oceanic clouds with infrared brightness temperature
< 235 K have two peaks, one during the night and the other
in early afternoon. Citation: Liu, C., and E. J. Zipser (2008),

Diurnal cycles of precipitation, clouds, and lightning in the

tropics from 9 years of TRMM observations, Geophys. Res. Lett.,

35, L04819, doi:10.1029/2007GL032437.

1. Introduction

[2] Before the launch of the Tropical Rainfall Measuring
Mission (TRMM) satellite [Kummerow et al., 1998] in late
1997, most studies of the diurnal cycle of tropical convec-
tive clouds used infrared data only [e.g., Fu et al., 1990;
Janowiak et al., 1994; Garreaud and Wallace, 1997]. A
typical metric would be the area covered by clouds whose
outgoing long wave radiation (or IR brightness temperature)
was less than some specified value [e.g., Hall and Vonder
Haar, 1999; Yang and Slingo, 2001]. The area covered by
cold cloud was often used as a proxy for coverage of deep
or intense convection, or for rainfall. The association is a
logical one, because high cold clouds are usually anvil
clouds produced directly by deep precipitating convective
clouds.
[3] Using the Precipitation Radar (PR), the Visible and

Infrared Scanner (VIRS), and the Lightning Imaging Sensor
(LIS) on the TRMM satellite, it is possible now to separate
information on clouds, precipitation, and lightning, and to
demonstrate the intensity of the precipitating convection, and
do so globally [Nesbitt and Zipser, 2003; Cecil et al., 2005;
Liu et al., 2007]. The vertical structure of the precipitating
systems can be revealed by TRMM PR measurements
[e.g., Heymsfield et al., 2000].

[4] The motivation of this work is to address the follow-
ing questions: (1) How does the vertical structure of
precipitating systems vary diurnally? (2) What are the
differences among the diurnal cycles of the cloud, precip-
itation and lightning in tropics (20�N–20�S)? And how they
are related to the life cycles of the precipitating systems?
[5] To answer these questions, first we demonstrate the

diurnal variations of precipitation occurrences at different
altitudes using 9 years of TRMM PR observations. Then we
generate the diurnal cycles of selected parameters represent-
ing deep convection, precipitation, cold clouds, and light-
ning from 9 years of PR, VIRS and LIS observations. The
phase and amplitude of the diurnal cycles of these param-
eters are compared over land and ocean, and the results
interpreted with respect to the life cycles of individual
precipitation systems.

2. Data and Methods

[6] The occurrence of 20 dBZ reflectivity at different
altitude levels is used to demonstrate precipitation occur-
rence as a function of height. To generate the diurnal
variation of precipitation occurrence, first the pixels with
PR reflectivity � 20 dBZ and the total PR samples are
summarized in 1� � 1� grid boxes in 24 1-hour local time
bins at 1-km altitude bins from 1 km to 16 km using 9 years
(1998–2006) TRMM PR data. Then the 20 dBZ occurren-
ces in the selected regions are calculated by dividing the
total number of 20 dBZ pixels in the grid boxes within each
region by the total samples within each region. In this paper,
we only show the results of 20 dBZ occurrence over land
and ocean regions between 20�N–20�S.
[7] To demonstrate the diurnal cycles of cloud, precipi-

tation, intense convection and lightning, we have chosen six
parameters (listed in Table 1) representing total precipita-
tion, population of the precipitation systems, deep convec-
tion reaching to near the tropopause, cold clouds and
lightning. The diurnal cycles of these parameters are gen-
erated by accumulating each parameter in 24 1-hour local
time bins over selected regions from 9 years of PR, VIRS
and LIS observations. Then we normalize the diurnal
variation of each parameter and generate the percentage
distribution in hourly bins so that amplitudes and the phases
of diurnal cycles of all parameters can be compared together.

3. Results

3.1. Diurnal Variation of Vertical Structure of
Precipitation

[8] Diurnal variations of 20 dBZ occurrences over land
and ocean from 20�S–20�N are shown in Figure 1. Con-
sistent with past studies [e.g., Hall and Vonder Haar, 1999;
Yang and Slingo, 2001; Tsakraklides and Evans, 2003;
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Nesbitt and Zipser, 2003], there is stronger diurnal variation
over land than over ocean. The daytime maximum 20 dBZ
occurrence over land is greater than the night time maxi-
mum 20 dBZ occurrence over ocean. Note that the 20 dBZ
occurrence is underestimated below 2 km over land and
below 1.5 km over ocean due to contamination from ground
clutter.

[9] To demonstrate the amplitude of the diurnal varia-
tions of precipitation at different altitudes, 20 dBZ occur-
rences in Figure 1 are normalized at each altitude and the
20 dBZ frequency is contoured with altitude vs. time in
Figure 2. Two immediate conclusions can be drawn from
the Figure 2. First, amplitudes of the diurnal variations of
precipitation occurrences increase with height. Second,
precipitation occurrence maximizes at different times at

Table 1. Parameters Representing the Cloud, Precipitation, and Lightning

Parameters Definitions

Total precipitation Volumetric near surface rainfall retrieved from
PR [Iguchi et al., 2000]

Population of
precipitation systems

Population of precipitation features defined by grouping raining
pixels by PR [Nesbitt et al., 2000; C. Liu et al., A cloud
and precipitation feature database from 9 years of TRMM
observations, submitted to Journal of Applied
Meteorology and Climatology, 2007].

Deep convection reaching
to near the tropopause

Area with PR 20 dBZ at 14 km [Liu and Zipser, 2005]

Very cold cloud Area with VIRS infrared cloud top brightness
temperature (TB11) < 210 K

Cold cloud Area with VIRS TB11 < 235 K
Lightning Total LIS flash counts

Figure 1. Diurnal variation of occurrence of TRMM PR reflectivity greater than or equal to 20 dBZ at different altitudes
over (a) land and (b) ocean, expressed as the ratio of the total area with 20 dBZ PR reflectivity to the total sample area.
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