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ABSTRACT. This document describes the theory and numerical algorithms that we use to
compute weighting functions for an upward-looking microwave radiometer at a given channel
frequency and antenna orientation. We use these weighting functions to assess the potential
response of hypothetical radiometer systems to changes in atmospheric temperature, pressure,
water vapor density, dry air density, and cloud liquid density, given an atmosphere defined by input
vertical profiles of pressure, temperature, humidity, and cloud density. Calculations for off-zenith
antenna orientations assume a spherically stratified atmosphere. The radiative transfer model that
we use is valid for channel frequencies below 1 THz in clear conditions and for frequencies below
100 GHz when clouds are present.

1. INTRODUCTION

The NOAA Wave Propagation Laboratory (WPL) Thermodynamic Profiling Program
designs, develops, and operates upward-looking microwave radiometer systems to
monitor atmospheric temperature, pressure, humidity, and cloud liquid water content. A
weighting function for a specific atmospheric parameter gives the theoretical change in
radiometer brightness temperature (7,) that results from a unit change in that parameter
at a given height. The weighting functions are specific to the radiometer channel
frequency and antenna orientation. Calculating and examining weighting functions for
proposed radiometric channels allows one to estimate the system response to
atmospheric parameters of interest before investing resources in its construction. This
document describes the theory and numerical algorithms that WPL uses to compute
weighting functions for upward-looking microwave radiometers. Our present software
computes weighting functions for temperature, pressure, water vapor density, dry air
density, and cloud liquid water density for any combination of microwave channel
frequency and antenna elevation angle.

Figure 1 illustrates graphically the information that weighting functions provide.
Each frame shows a set of weighting functions for a different atmospheric parameter.
Each curve represents the response of a single channel of a ground-based, zenith-
pointing microwave radiometer to a unit change in the respective atmospheric parameter
over a 1-km layer at various heights above the radiometer. For example, Fig. 1a implies
that a 1-K change in the surface layer temperature produces about a 3-K change in s
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