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Differences in rain rate intensities between TRMM observations and
community atmosphere model simulations
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[1] Precipitation related latent heating is important in
driving the atmospheric general circulation and in
generating intraseasonal to decadal atmospheric variability.
Our ability to project future climate change, especially
trends in costly precipitation extremes, hinges upon whether
coupled GCMs capture processes that affect precipitation
characteristics. Our study compares the tropical-subtropical
precipitation characteristics of simulations by the NCAR
CAM3.1 atmospheric GCM and observations derived from
the NASA Tropical Rainfall Measuring Mission (TRMM)
satellite. Despite a fairly good simulation of the annual
mean rain rate, CAM rains about 10—50% more often than
the real world and fails to capture heavy rainfall associated
with deep convective systems over subtropical South
America and U.S. Southern Plains. When it rains, there is
a likelihood of 0.96—1.0 that it rains lightly in the model,
compared to values of 0.84—1.0 in TRMM data. On the
other hand, the likelihood of the occurrence of moderate to
heavy rainfall is an order of magnitude higher in
observations (0.12—0.2) than that in the model (<0.02).
Comparison of regionally aggregated PDFs of the rain rate
shows that CAM underestimates the probability of NOT
raining, overestimates the probability of light rain and
almost completely misses the tails of the PDFs. The model
compensates for the lack of heavy precipitation through
raining more frequently within the light rain category, which
leads to an annual rainfall amount close to what is observed.
CAM captures the qualitative change of rain rate PDF from
a “dry” oceanic to a “wet” oceanic region, but it fails to
simulate the change of precipitation characteristics from an
oceanic region to a land region where thunderstorm rainfall
dominates. Citation: Deng, Y., K. P. Bowman, and C. Jackson
(2007), Differences in rain rate intensities between TRMM
observations and community atmosphere model simulations,
Geophys. Res. Lett., 34, L01808, doi:10.1029/2006GL027246.

1. Introduction

[2] On climatic timescales, latent heating associated with
precipitation is a major component of the global atmospheric
energy budget and a key source of atmospheric variability
[Peixoto and Oort, 1992]. On shorter timescales, heavy
precipitation can trigger flooding, which on average cost the
United States over $4 billion annually from 1990 to 1997. If
the planet warms, the hydrologic cycle is expected to
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intensify, which will increase the probability of intense
rainfall events [Intergovernmental Panel on Climate
Change, 1996, p. 7]. Our ability to predict changes in the
probability of extreme precipitation events depends on
whether coupled atmosphere-ocean global climate models
(GCMs) can simulate realistic precipitation characteristics.
Because climate model development has traditionally
focused on correctly simulating precipitation means, there
is considerable uncertainty that models can also capture the
probability distribution of observed rain rate. The ability of
mesoscale models to simulate extreme precipitation events
is improving [Mass et al., 2002; Bryan et al., 2003; Roebber
et al., 2004; Lynn et al., 2005], but increased skill becomes
available only when models begin to resolve convective
systems explicitly. Until these resolutions become possible
for long-term climate simulations, global climate models
must rely on parameterizations of convective precipitation.

[3] Studies using coupled GCMs and regional climate
models with parameterized precipitation agree that there will
likely be a general global increase in precipitation intensity
with enhanced greenhouse gas forcing [Semenov and
Bengtsson, 2002; Watterson and Dix, 2003; Wehner, 2004;
Meehl et al., 2005; Chen et al., 2005]. But the rain rates
considered in the above studies are averaged over a period of
one day, one pentad and sometimes even one month.
Because the heaviest rainfall may last only minutes to hours,
greater attention needs to be paid to the ability of models to
simulate realistic rain rates on short timescales (<1 hour).
Here we compare the probability density functions of
observed and simulated hourly rain rates at the spatial
resolution of a typical GCM (a few hundred kilometers).
Beyond the first moments (means), we also compare the
percentage time rain occurs, the 90th percentile of rain rates
(as a measure of extreme events), and the fraction of the rain
falling in broad categories (light and moderate to heavy).

[4] Through systematic comparisons of multiple rain rate
parameters, our study aims to identify key differences
between the precipitation characteristics of satellite obser-
vations and a typical GCM simulation.

2. Data and Model

[s] Observations of precipitation are the 12/1997-12/
2005 combined instantaneous rain rate retrieval from the
Tropical Rainfall Measuring Mission (TRMM) 3G68 prod-
uct. The data are nearly-instantancous rain rates averaged
onto a 0.5° x 0.5° longitude-latitude grid covering the
global tropics from 40°S to 40°N. The microwave remote-
sensing technique used by TRMM measures the volume
emission of radiation from the atmospheric column, which
implies an averaging time of 10 to 15 minutes. The orbit of
the TRMM satellite allows sampling roughly once per day

1 of 5















