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ABSTRACT

Computer simulations of satellite-derived Earth radiation parameters are examined to determine the source
and size of errors arising from averaging parameters over | month on a 2.5° X 2.5° longitude-~latitude grid.
November 1978 data from the Geostationary Operational Environmental Satellite (GOES) have been used as
a source of radiation parameter fields within each region. The regions are sampled according 10 various
combinations of satellite orbits which have been chosen on the basis of their applicability to the Earth Radiation
Budget Experiment. A mathematical model is given for the data-processing algorithms that are used to produce
daily, monthly and monthly hourly estimates of shortwave, longwave and net radiant exitance. Because satellite
sampling of each region is sparse during any day, and because the meteorological behavior between measurements
is unknown, the retrieved diurnal cycle in shortwave radiant exitance is especially sensitive to the temporal
distribution of measurements. The resulting retrieval errors are seen to be due to insufficient knowledge of the
temporal distribution of both cloud fraction and albedo. These errors, in combination with similar sampling
errors resulting from diurnal variations in longwave radiant exitance (especially over land), produce biases in
monthly net radiant exitance which are complex, regionally-dependent functions of the local time of the
measurements. The regions studied have shown standard errors of estimate for monthly net radiant exitance
ranging from about 20 W m™ for the worst single-satellite sample to ~2 W m™? for the three-satellite sampling
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assumed to be available.

1. Introduction

The goal of satellite-based measurements of the
Earth’s radiation is to determine the Earth’s radiation
budget on regional, zonal (latitude bands), and giobal
scales over monthly, seasonal and yearly time periods.
There already exists a more than 20-year history of
satellite-based radiation measurements, starting with
infrared measurements made by the Explorer VII sat-
ellite (Suomi, 1958). A new three-satellite experiment,
the Earth Radiation Budget Experiment (ERBE), is
scheduled for a first launch in 1984 (Woerner et al.,
1979). Justification for such multisatellite programs
rests on their ability to provide better and more accurate
spatial and temporal coverage than previously avail-
able. The ERBE will use both Sun-synchronous and
precessing orbits, and it will use more sophisticated
data analysis algorithms and instruments than previous
radiation budget experiments.

Every satellite system for measuring radiation pa-
rameters has several potential error sources, ranging
from uncertainties in the merging of telemetry and
ephemeris data to differing interpretations of global
estimates in combination with other satellites and in-
struments. Errors in regional temporal averaging arise
from using imperfect interpolation algorithms to infer
monthly averaged regional radiant exitance from data
that are temporally sparse. The inputs to this regional

averaging process are spacecraft instrument measure-
ments that have been inverted to radiant exitance at
the top of the atmosphere. Such values are themselves
the result of considerable mathematical manipulation
and contain errors arising from bias, random and
modeling sources (Green, 1983). This analysis ex-
amines the results of monthly averaging of regional
measurements that are assumed to be ideal, and does
not consider the errors associated with individual data
inversions,

2. The nature of the temporal averaging problem

Earlier satellite experiments for measuring the
Earth’s radiation balance were performed on the TI-
ROS (Bandeen et al., 1965), Nimbus (Raschke and
Bandeen, 1970; Jacobowitz et al., 1979), and NOAA
(Gruber and Winston, 1978) series. In each of these
experiments, attempts have been made to infer global
or “quasi-global” averages of radiation parameters from
limited measurements by making various simplifying
assumptions about diurnal variability. However, be-
cause of sampling restrictions, no single satellite pro-
duces enough data to define global or regional diurnal
behavior in a realistic way. The Sun-synchronous (SS)
Nimbus and NOAA spacecraft are restricted to cov-
erage at fixed local times (11:30 a.m. and 8:50 a.m.
on the ascending node at the equator, respectively).






