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Abstract

4 knowledge of the thermal inertia of the Earth's surface can be used in geologie
mapping as a complement to surface reflectance data as provided by Landsat. Thermal iner-
tia, a body property, cannot be determined direetly but can be inferred from radiation
temperature measurements made at various times in the diurnal heating cyecle, combined with
a model of the surface heating processes,. We have developed such a model and applied it
along with temperature measurements made in the field and from satellite to determine
thermal properties of surface materials. An example from a test site in western Nevada 1is
used to illustrate the utility of this technique.

Introduction

Thermal inertia (P) is a scalar quantity ¢that provides a measure of a material's
ability to resist a change in temperature. Furthermore, it depends wupon volumetrie,
rather than surficial, properties of the material. Specifically, it is related to the
material's density (p), specific heat capacity (e¢), and thermal conductivity (K) by the
relaticnship,

Pr = (Kpod e, (1)

whiech obtains for a homogeneous medium. It is this dependence upon voclumetric properties
that makes P a useful parameter in remote sensing applications. This 1is particularly so
in geoclogic studies (such as lithologic mapping) where the surface -- as a result of
weathering, staining, or other processes -- is often unrepresentative of the entire mate-
rial. Then, if remote sensing methods relying solely upon surface reflectivity measure-
ments are used, the task of discriminating among different materials becomes inordinately
difficult. To facilitate identification, it is possible to make thermal inertia images of
the Earth's surface to complement other remote sensing data, !l

Thermal inertia cannot be measured directly. Instead, it can be inferred from the
diurnal variation of temperature at the Earth's surface. The temperature regime at the
surface depends not only upon the thermal inertia of the geologic material, but also upon
many, complicated =surface heating processes, such as latent and sensible heat transfer
between ground and air. Therefore, determining P from the temperature data requires the
use of mathematical modelling techniques.2'3'“ This is not an easy task because it in-
volves the solution of a partial differential equation of parabolic form whose upper (sur-
face) boundary condition is inherently non-linear, and this usually restricts the method
of solution to various finite difference techniques %'® in which one must exercise great
care in ensuring the stability and convergence of the soluticns. In remote sensing appli-
cations, the important parameter in determining P is the diurnal temperature range, AT =
Tmaximum - Tminimum' AT data sets can be obtained from satellite or aircraft surveys of
the thermal infrared (IR) emission of the Earth's surface at 8 - 14 um. A thermal model
of heat flow in the surface layers can then be used to prediet AT as a function of thermal
inertia; P can be extracted from the actual AT, provided the surface boundary conditions
are estimated accurately.

In this paper, we have presented the results of a study whose purpose was to produce
a detailed thermal inertis image, from satellite and ground-truth data, of a region of
western Nevada. The data were collected in July, 1678. Visible and infrared data were
obtained from the Heat Capacity Mapping Mission (HCMM) satellite. HCMM is equipped with a
scanning radiometer with twe channels: one bandwidth at 0.5 - 1.1 pym and ancther at 10.5 -
12.5 um.7 The satellite passed over the Nevada area twice consecutively, in the predawn
and afternoon hours of the 22nd. Concurrently a JPL team collected ground-truth data, at
selected locations over the test site, of surface and subsurface temperatures, and local
meteorclogical conditions. These data were used in the JPL thermal model, developed by
Kahle ® ; then, the results were processed by a technique developed to construct digital
images of thermal inertia in the form of photographiec facsimiles.?@ The details follow
below.
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