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TRMM! Observed First Direct Evidence of Smoke from Forest

Fires Inhibiting Rainfall
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Abstract, Although it has been known that smoke from bio-
mass burning suppresses warm rain processes, it was not
known to what extent this occurs. The satellite observations of
the Tropical-Rainfall-Measuring-Mission (TRMM), presented
here, show that warm rain processes in convective tropical
clouds infected by heavy smoke from forest fires are practi-
cally shut off. The tops of the smoke-infected clouds must ex-
ceed the freezing level, i.e., grow to altitudes colder than
about —10°C, for the clouds to start precipitating. In contrast,
adjacent tropical clouds in the cleaner air precipitate most of
their water before ever freezing. There are indications that
rain suppression due to air pollution prevails also in the ex-
tra-tropics.

1. Introduction

Vegetation burning emits large concentrations of small
Cloud Condensation Nuclei [Hobbs and Radke, 1969; Kauf-
man and Fraser, 1997] (CCN), which modify the cloud drop
size distribution (DSD) so that the same amount of water is
redistributed over a larger number of smaller drops. The coa-
lescence efficiency of cloud droplets into raindrops is greatly
reduced when the radius of the largest cloud droplets is
smaller than about 25 um [Mason and Jonas, 1974], which is
equivalent to an effective radius (r.) threshold of 14 pm [Ro-
senfeld and Gutman, 1994)]. Effective radius is the cloud
droplet size distribution parameter, which is observable by
satellites. It has already been observed by satellite that r, de-
creased below the precipitation threshold of r.=14 pm in
clouds infected by smoke from burning vegetation in the
Amazon [Kaufinan and Fraser, 1997] and Indonesia [Rosen-
feld and Lensky, 1998]. However, these studies did not pro-
vide direct evidence showing how the smoke actually sup-
presses precipitation, such as presented in the current study.
They merely strengthened the suspicions that arose more than
30 years ago, based on laboratory experiments [Gunn and
Phillips, 1957] and on observations that precipitation was re-
duced downwind of seasonal agricultural burning of sugar
cane fields in Australia [Warner, 1968].

ITRMM (Tropical Rainfall Measuring Mission) was launched on 28
November 1997 as a cooperative project of the National Aeronautics
and Space and Administration (NASA), and the National Space De-
velopment Agency of Japan (NASDA).

The TRMM data are available at
http://daac.gsfc.nasa.gov/CAMPAIGN_DOCS/hydrology/hd_trmm_i
ntro.html
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2. The TRMM Observations

Actual observations of both precipitation and cloud-drop r.
over large areas, encompassing clouds in and out of smoke
plumes, became possible just recently, with the launch of the
Tropical Rainfall Measuring Mission (TRMM) satellite on 28
November 1997. The TRMM satellite instruments used here
are:

a. Rainfall measuring radar (PR), which detects only precipi-
tation-sized particles in clouds. The sub-satellite resolution
is 4 km horizontally by 250 m vertically;

b.Passive microwave radiometer (TMI), which is sensitive to
the cloud droplets as well as to precipitation particles. The
sub-satellite horizontal resolution of the 85 GHZ channels
is 4 km;

c. Visible and infrared sensor (VIRS), which can be used to
infer the cloud top droplet sizes, r.. The sub-satellite hori-
zontal resolution is 2 km. The vertical distribution of r, can
be composed from cloud tops at different heights.

The impact of smoke from fires in the rain forest on
warm-rain processes is analyzed here, using a TRMM over-
pass over Kalimantan (Borneo), Indonesia, depicted in Figure
1. The southeastern portion of the overpass over the island
was engulfed by heavy smoke while the northwestern portion
was relatively smoke free. The overpass occurred on 1 March
1998, 10:50 local time, when surface heating driven growth of
the convective cloud tops had not yet exceeded the —12°C
isotherm level in the observation area, as measured by the
VIRS. The smoke can be seen in the right (southeast) side of
the TRMM image, presented in Fig. 2. The TRMM radar de-
tected precipitation in smoke-free clouds on the left (area 2),
while almost none was observed in the smoke-plagued clouds
(area 1). The vertical cross section, presented in Fig. 3, pro-
vides more insights:

The precipitating clouds in the cleaner area did not have
colder tops, thus not reaching higher altitudes than the rainless
clouds in the smoky area.

The clouds that did not precipitate had colder (mapped as
higher altitude) 85 GHz vertical polarization brightness tem-
perature (Tss) than the precipitating clouds. The Tgs was much
colder for the clouds in the smoke, approaching the actual
cloud top temperature.

The Tjs for non-precipitating water clouds over land is de-
termined mainly by thermal radiation emitted from the cloud
droplets, thus related to the amount and temperature of the
cloud water, especially near its top. Drops that are larger than
the Rayleigh scattering regime at 85 GHz, i.e., raindrops,
backscatter part of the upwelling radiation [Kummerow,
1993]. This manifests itself as lower Tgs than the temperature
that would have been produced by a black body emittance
only.
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