A review of hyperspectral remote sensing and its application
in vegetation and water resource studies
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Abstract
Multispectral imagery has been used as the data source for water and land observational remote sensing from airborne and
satellite systems since the early 1960s. Over the past two decades, advances in sensor technology have made it possible for
the collection of several hundred spectral bands. This is commonly referred to as hyperspectral imagery. This review details
the differences between multispectral and hyperspectral data; spatial and spectral resolutions and focuses on the application
of hyperspectral imagery in water resource studies and, in particular the classification and mapping of land uses and vegetation.
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Introduction
Water is one of the most valuable and essential resources that
form the basis of all life. With the ever-increasing human
population, there is constant stress exerted on water resources
(McGwire et al., 2000). Accurate monitoring and assessment of
our water resources is necessary for sustained water resource
management. Earth observation data have formed the basis for
acquiring data remotely for many years (Landgrebe, 1999) and
are viewed as a time- and cost-effective way to undertake largescale monitoring (Okin et al., 2001), which can be used to determine the quality, quantity and geographic distribution of this
resource.
Multispectral imagery has been used as the data source
for water and land observational remote sensing from airborne
and satellite systems since the 1960s (Landgrebe, 1999). Multispectral systems commonly collect data in three to six spectral
bands in a single observation from the visible and near-infrared
region of the electromagnetic spectrum. This crude spectral categorisation of the reflected and emitted energy from the earth
is the primary limiting factor of multispectral sensor systems.
Over the past two decades, advances in sensor technology have
overcome this limitation of earth observation systems, with the
development of hyperspectral sensor technologies. Hyperspectral systems have made it possible for the collection of several
hundred spectral bands in a single acquisition, thus producing
many more detailed spectral data. However, with the advances in
hyperspectral technologies practical issues related to increased
sensor or imager costs, data volumes and data-processing costs
and times would need to be considered especially for operational
modes.
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This review details the differences between multispectral and hyperspectral data, highlights commonly used remote
sensing terminology, and focuses on the use of hyperspectral
imagery in water resource studies and, in particular vegetation
applications.

Differences between multispectral and hyperspectral data
Multispectral airborne and satellite systems have been employed
for gathering data in the fields of agriculture and food production, geology, oil and mineral exploration, geography and urban
to non-urban localities (Landgrebe, 1999). The advantage of
using satellite remote sensing systems was to provide both the
synoptic view space provides and the economies of scale, since
data over large areas could be gathered quickly and economically from such platforms (Landgrebe, 1999).
Multispectral remote sensing systems use parallel sensor
arrays that detect radiation in a small number of broad wavelength bands. According to Smith (2001a), most multispectral
satellite systems measure between three and six spectral bands
within the visible to middle infrared region of the electromagnetic spectrum. There are, however, some systems that use one
or more thermal infrared bands. Multispectral remote sensing
allows for the discrimination of different types of vegetation,
rocks and soils, clear and turbid water, and selected man-made
materials (Smith, 2001a). To obtain data of a higher spectral resolution compared to multispectral data, hyperspectral sensors
on board satellites or airborne hyperspectral imagers are used
(Smith, 2001b).
Hyperspectral remote sensing imagers acquire many, very
narrow, contiguous spectral bands throughout the visible, nearinfrared, mid-infrared, and thermal infrared portions of the
electromagnetic spectrum. Hyperspectral sensors typically collect 200 or more bands enabling the construction of an almost
continuous reflectance spectrum for every pixel in the scene.
Contiguous, narrow bandwidths characteristic of hyperspectral
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