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a precursor to full spectrum atmospheric compensation
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ABSTRACT

The compensation for atmospheric effects in the VNIR/SWIR has reached a mature stage of development with many
algorithms available for application (ATREM, FLAASH, ACORN, etc.). Compensation of LWIR data is the focus of a
number of promising algorithms. A gap in development exists in the MWIR where little or no atmospheric compensation
work has been done yet an increased interest in MWIR applications is emerging. To obtain atmospheric compensation
over the full spectrum (visible through LWIR), a better understanding of the radiative effects in the MWIR is needed.
The MWIR is characterized by a unique combination of reduced solar irradiance and low thermal emission (for typical
emitting surfaces), both providing relatively equal contributions to the daytime MWIR radiance. In the MWIR and
LWIR, the compensation problem can be viewed as two interdependent processes: compensation for the effects of the
atmosphere and the uncoupling of the surface temperature and emissivity. The former requires calculations of the
atmospheric transmittance due to gases, aerosols, and thin clouds and the path radiance directed towards the sensor (both
solar scattered and thermal emissions in the MWIR). A framework for a combined MWIR/LWIR compensation
approach is presented where both scattering and absorption by atmospheric particles and gases are considered.
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1. INTRODUCTION

Hyperspectral imaging sensors have been used to aid in the detection and identification of diverse surface elements,
topographical, and geological features, ambient dust and aerosols, smoke from fires, as well as suspended gaseous
effluents. Hyperspectral data are not immune to the effects of the intervening atmosphere. The term ‘“atmospheric
compensation” refers to the removal of unwanted atmospheric components of the measured radiance so that an estimate
of the surface leaving radiance or reflectance can be obtained. For hyperspectral data analysis in the reflected solar
spectral regime, the general objective of atmospheric compensation algorithms is to remove solar illumination and
atmospheric effects (predominantly aerosol scattering and water vapor absorption) from the measured spectral data so
that an accurate estimate of the surface reflectance can be obtained'. In the thermal emissive region of the spectrum, the
objective is two-fold: 1) remove atmospheric components of the sensor-measured radiance to obtain a ground-leaving
radiance, and 2) separate the temperature and emissivity components from the retrieved radiance, the primary product
being an estimate of the surface spectral emissivity.

Difficulties can arise when atmospheric conditions are stressing (e.g., high moisture, heavy aerosol/particulate loading,
partial cloud cover, low sun angle). The effects are further enhanced when the measured signal is low (over low
reflectance or cold surfaces or for spectral regions of low solar or thermal radiance). In the MWIR (3 — 6 pm), the
reflected solar radiance is quite small compared to that in the VNIR and the thermal emissive radiance for normal
surface and atmospheric conditions is also at a minimum. These factors provide a unique challenge to those who attempt
to derive information from MWIR data. The following sections will highlight the typical spectral and radiometric
signatures to be found in the MWIR for different scenarios. The equations governing the transfer of radiation in this
regime will also be examined.
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2. MWIR SPECTRAL CHARACTERISTICS

To estimate the underlying surface-leaving radiance from a remote airborne or spaceborne platform, the effects of the
intervening atmosphere must be considered. Typically, at MWIR wavelengths, the radiative flux is impacted by the
absorption by well-mixed gases such as Ozone (O;), Oxygen (O,), Nitrogen (N,), Methane (CH,), Nitrous Oxide (N,O),
Nitrogen Dioxide (NO,) and Carbon Dioxide (CO,), and the absorption by water vapor. Mixed gases can be modeled
accurately and play an important role in the retrieval of specific properties of the earth-atmosphere system®.

Figure 1 provides examples of the atmospheric absorption (defined as 1 — transmittance) over the spectral region from
2.5 to 7 um for two atmospheric conditions: 1) clear and dry and 2) hazy and humid. The curves were produced with
Modtran® over a full (100 km) nadir atmospheric path. These cases produce values for atmospheric absorption that
represent the extreme bounds for a nominal atmosphere. It is clear that the MWIR spectral band is dominated by strongly
absorbing gases. One moderately transmissive “window” region exists between 3 and 4 microns with minimum
absorption near 3.8 pum for dry atmospheres and 3.9 um for moist atmospheres. A second transmissive region exists
between 4.6 and 5.4 pm with minimum absorption values near 4.6 um. In contrast with the VNIR/SWIR spectral band,
which exhibits numerous atmospheric windows, the MWIR has limited spectral regions for retrieving surface
information.

The absorption curves in Fig. 1 can be divided into contributions from individual gases and aerosols. From Fig. 2 it can
be seen that numerous gases have absorption features in the MWIR; the absorption curves for ten gases including water
vapor are plotted. Water vapor is the major absorber in the MWIR and provides the bulk of the total atmospheric
absorption shown in Fig. 1. Since the amount of water vapor in the atmosphere varies greatly both spatially and
temporally, its effect on transmission in the MWIR can also vary. Plotted in Fig. 2 is the water vapor absorption for the
dry case shown in Fig. 1, which represents an estimate of the minimum absorption to be expected. Two major H,O
absorption bands are found in the MWIR: a strong band near 2.7 pm and the major water vapor complex of lines near
6.7 pm. The latter band spans over 3 um from 5 to 8 im and represents a primary region of the spectrum for obtaining
information used to retrieve layered atmospheric water vapor amounts. It can be seen that the water vapor absorption
overwhelms weaker absorption by other gases, even for relatively dry atmospheres.
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Figure 1. Plots of the atmospheric absorption across the MWIR spectral region for two atmospheric conditions: hazy/wet and clear/
dry.
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