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ABSTRACT

An algorithm is developed to construct global gridded fields of monthly precipitation by merging estimates
from five sources of information with different characteristics, including gauge-based monthly analyses from
the Global Precipitation Climatology Centre, three types of satellite estimates [ the infrared-based GOES Precip-
itation Index, the microwave (MW) scattering-based Grody, and the MW emission-based Chang estimates],
and predictions produced by the operational forecast model of the European Centre for Medium-Range Weather
Forecasts. A two-step strategy is used to: 1) reduce the random error found in the individual sources and 2)
reduce the bias of the combined analysis. First, the three satellite-based estimates and the model predictions are
combined linearly based on a maximum likelihood estimate, in which the weighting coefficients are inversely
proportional to the squares of the individual random errors determined by comparison with gauge observations
and subjective assumptions. This combined analysis is then blended with an analysis based on gauge observations
using a method that presumes that the bias of the gauge-based field is small where sufficient gauges are available
and that the gradient of the precipitation field is best represented by the combination of satellite estimates and
model predictions elsewhere. The algorithm is applied to produce monthly precipitation analyses for an 18-
month period from July 1987 to December 1988. Results showed substantial improvements of the merged
analysis relative to the individual sources in describing the global precipitation field. The large-scale spatial
patterns, both in the Tropics and the extratropics, are well represented with reasonable amplitudes. Both the
random error and the bias have been reduced compared to the individual data sources, and the merged analysis
appears to be of reasonable quality everywhere. However, the actual quality of the merged analysis depends
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strongly on our uncertain and incomplete knowledge of the error structures of the individual data sources.

1. Introduction

The spatial and temporal distribution of large-scale
precipitation is critical in determining the general ¢ir-
culation of the atmosphere and the global climate. Sci-
entists attempting to simulate the behavior of the global
climate system must compare the precipitation fields
produced by their simulations with observed fields.
Those wishing to understand the interannual variability
in the general circulation related to variations in trop-
ical sea surface temperature require accurate observa-
tions of the associated large-scale precipitation varia-
tions.

Despite these requirements, the distribution of global
precipitation is not well documented, both because of
its large spatial and temporal variability and the lack of
a comprehensive observing system. The principal ex-
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isting sources of information on climatic-scale precip-
itation are gauge observations and estimates inferred
from satellite data, each of which has advantages as
well as shortcomings (Barrett and Martin 1981; Arkin
and Ardanuy 1989). Generally speaking, raingauge ob-
servations yield relatively accurate point measurements
of precipitation but suffer from sampling error in rep-
resenting areal means and are not available over most
oceanic and unpopulated land areas. Infrared (IR ) and
passive microwave (MW ) satellite observations can be
used to derive estimates of large-scale precipitation
over much of the globe, but these estimates are char-
acterized by nonnegligible bias and random error as-
sociated with inadequate sampling, algorithm errors,
and the indirect nature of the physical relationship be-
tween precipitation and the observations.

In order to quantitatively understand the capabilities
of existing data sources and algorithms, Xie and Arkin
(1995) conducted a comprehensive examination of
several existing sources of climatic-scale precipitation.
By intercomparing three sets of gauge observations
(GPCC, CAMS, and Morrissey atoll data) and eight
different satellite estimates (one IR-based, three MW
scattering-based, and four MW emission-based) of
monthly precipitation for a 3-yr period (July 1987-






