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ABSTRACT

An algorithm to estimate monthly 5° X 5° area-averaged rain rate over the oceans from January 1973 to
December 1976 using single-channel microwave data from the Nimbus-5 satellite has been developed. This
study extends the work of Shin et al. by including the full width of scan angles (from —50° to 50°) in order to
reduce sampling error. The scan-angle dependence of the estimated rain rate due to variable antenna sidelobe
effects, surface emissivity, and propagation pathlength is eliminated using a statistical method. A globally uniform
beam-filling correction factor of 2.2 is applied in this study. Comparison with island station rainfall measurements
over the Pacific shows a remarkably high correlation between two data in the equatorial dry zone and South
Pacific convergence zone (SPCZ) but a low correlation in the extratropics and equatorial western Pacific. It is
also proved that the retrieved rain rates are statistically significant.

The rainfall deviations from non-El Nifio years April 1973 to December 1975 reveal the temporal and spatial
variations produced by the 1972-73 and 1976-77 El Nifio episodes. We observe an increase of rainfall over the
eastern and central equatorial Pacific Ocean and a decrease over the equatorial western Pacific Ocean and
eastern Australia during these events. Consistent with previous work, the rainfall anomaly of the 1972-73 El
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Nifio was much stronger than that of the 1976-77 El Nifio.

1. Introduction

Precipitation plays an important part in all aspects of
life on our planet. Likewise, rainfall is crucial in deter-
mining the role of latent heating in the energy budget of
the atmosphere and climate system. In spite of its im-
portance, precipitation is one of the most difficult ele-
ments of weather to measure. In the last decade, various
satellite technigues have been developed to gather global
precipitation data. Most retrieval methods are based on
visible, infrared, or microwave radiation. Unlike visible
and infrared radiation, microwave radiation can penetrate
clouds, especially at the low-frequency end of the spec-
trum. Hydrometeors can directly modify the terrestrial
microwave emission. Thus, spaceborne microwave ra-
diometers can more directly estimate precipitation. Be-
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cause of this fact, many studies have been undertaken to
measure precipitation using remotely sensed microwave
measurements.

The first quantitative attempt to relate rainfall to
microwave emissions was by Wilheit et al. (1977). The
model assumed the M-P (Marshall and Palmer 1948)
raindrop size distribution from the surface to the freez-
ing level. An additional 0.5 km of nonprecipitating
cloud (with a concentration of 0.5 g m™>) was assumed
just beneath the freezing level. A temperature lapse
rate of 6.5°C km™' and 80% relative humidity at the
surface were assumed and the relative humidity was
assumed to increase linearly with height to 100% at
the freezing level and above. Therefore, the freezing
level serves as a proxy variable for both the rain-layer
thickness and for the atmospheric water vapor content.
They quantified the relationship between microwave
radiance data at 19.35 GHz (1.55 cm) and rain inten-
sity over the oceans. The relationship between rain rate
and brightness temperature for 19.35 GHz (R-T re-
lationship ) was calculated for the five freezing levels 1,
2,3, 4,and S km. : A

Seasonal precipitation frequencies for the tropical
oceans from the Nimbus-5 Electrical Scanning Micro-






