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ABSTRACT

Simulations of the Earth Radiation Budget Experiment with several satellite sampling schemes have been
used to compare three different approaches to modeling longwave diurnal behavior observed over certain kinds
of land regions. November 1978 data from the GOES satellite have been used to produce a reference set of
radiation parameters over the regions of interest. The monthly average longwave radiant exitance has been
estimated first with linear interpolation between satellite measurements, then with a method that replaces linear
interpolations across day-night boundaries with piecewise constant extrapolations to the boundaries, and finally
with a trigonometric model which replaces some of the linear interpolations that go through daytime measurements
over land. This third model consists of constant extrapolation of nighttime measurements to sunrise or sunset,
with a half-sine curve fitted through existing daytime measurements and constrained at sunrise and sunset to
an average of the surrounding nighttime measurements. It applies only when the daytime and surrounding
nighttime measurements meet certain restrictive criteria, including tests that tend to limit the trigonometric
model to cloud-free regions. For all satellite sampling strategies considered, the trigonometric model gave the
best overall monthly estimate of longwave radiant exitance. For non-land regions, the linear interpolation
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model generally gave better results than the piecewise constant model.

1. Introduction

The Earth Radiation Budget Experiment (ERBE) is
a multi-satellite experiment planned for implemen-
tation in the mid 1980°’s (Woerner et al., 1978). It will
consist of instruments on one or more Sun-synchro-
nous satellites in the NOAA series, and a dedicated
spacecraft, the ERBS, in a 57° orbit. One of the primary
objectives of the ERBE is to improve knowledge of
diurnal variability in the Earth’s radiation balance.
The primary diurnal effect is the Sun-driven variability
in reflected (shortwave) radiation. However, many land
areas of the Earth also exhibit regular diurnal variations
in emitted (longwave) radiation due to surface tem-
perature fluctuations. Such longwave (LW) behavior
can easily be seen over cloud-free land, and it is espe-
cially prominent over desert areas where the day-night
variation of LW radiation can be on the order of 100
W m™2, Regular diurnal cycles in cloudiness can pro-
duce observable LW cycles over some ocean regions,
but these are substantially smaller than the cycles typ-
ically observed over land. Modeling of LW diurnal
cycles is important to the ERBE project because the
analysis procedures specifically preclude the use of
auxiliary data (as from geostationary satellites) for rou-
tine processing of flight data.

In previous analyses of satellite radiation data, the
monthly average longwave flux has been obtained by
averaging daytime and nighttime measurements. For
Nimbus 2 and 3, the day-night pairs of narrow-field-

of-view measurements were weighted according to the
length of day and night (Raschke and Bandeen, 1970;
Raschke et al,1973). For some other analyses, in-
cluding those using data from non-Sun-synchronous
satellites, simple averages of LW data appear to have
been used (Bandeen et al., 1965; Gruber and Winston,
1978; Jacobowitz et al., 1979). For this note, satellite
samples of LW radiation over land are simulated for
both Sun-synchronous and non-Sun-synchronous or-
bits. Three different LW diurnal models are then ap-
plied to the sampled data, and the resulting modeled
monthly net LW radiant exitances are compared
against reference values based on complete hourly
sampling of the area for a month. Such comparisons
will be used to define processing algorithms for the
ERBE satellite system. In addition, they could be used
to understand possible biases in previous satellite data,
and also to better define those areas in which LW
diurnal variability plays a substantial ‘role in the ra-
diation balance.

2. Data base and sampling strategy

This study utilizes a detailed analysis (Minnis and
Harrison, 1984a) of November 1978 data from one of
the Geostationary Operational Environmental Satel-
lites (GOES-east, hereinafter referred to as GOES).
The coverage area extends from 45°N to 45°S and is
centered over North and South America at about
75°W. The area is divided into 1600 regions ranging






