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Introduction

ENRI is an acronym introduced by NERC meaning "Environmental and Natural Resource
Issues’. ENRI’s are considered to be the most important issues facing the UK’s Environmental
and Natural Resource Agenda.

NERC's Integrated Science Strategy focuses on five major issues on the UK'’s environmental and
natural resource agenda: Global Environmental Change, Pollution and Waste, Natural Resource
Management, Biodiversity, and Environmental Risks and Hazards.

This short document aims to highlight the contribution made to Science by the EPFS facility,
broken down into the five ENRI’s mentioned above.

Global Environmental Change

Satellite sensors are uniquely suited to collecting data from the surface of the whole Earth and
therefore have akey role to play in the study and monitoring of global change. However, the
value of such data for investigating long-term changes to the Earth and its environment depends
upon how reliable the data are, how well calibrated the sensors are, and on the quality of the
models available to relate remotel y-sensed data to key biophysical variables, such as soil
moisture availability, albedo, and net primary productivity. Field spectroscopy has an important
role to play in the study of global environmental change. It is used in the vicarious calibration of
satellite sensors (Rondeaux et al., 1998), in the development and testing of physical models), and
in fundamental research on the spectral properties of objectsin the natural environment. EPFS
users have done pioneering work on the estimation of albedo from multi-angle satellite sensor
data which has made extensive use of field spectroscopy in the development and validation of
physical models (e.g. Barnsley et al., 1997, [1] and [2]). EPFS has also provided instruments for
UK scientistsinvolved in large-scale international experiments, notably the First ISLSCP Field
Experiment (FIFE), the Hydrology-Atmosphere Pilot Experiment in the Sahel (HAPEX-
SAHEL), the Boreal Ecosystem Atmosphere Study (BOREAS), and, most recently, an extended
loan to Professor Grace’s group in support of their work on the photosynthetic efficiency of
tropical forests as part of the Large scale Biosphere Atmosphere Experiment (LBA) [3].

Other examples of EPFS-supported research related to global climate change includes that by
Watts-Tobin et al., (1995) on the impact of climate change upon the vegetation of the Kalahari
desert and research to investigate the impact of global warming upon coral reefs in the Pacific
(Clark et al., 2000) and the Caribbean (Malthus (in press)). Applied studies such as these have



been complemented by experiments designed to elucidate fundamental relationships between
biophysical variables and spectral reflectance, such as the study by Blackburn (1998) on the
estimation of plant pigment concentration in senescent leaves and that by Rollin et al. (1998) on
remote sensing of leaf water content.

Field spectroscopy also provides a convenient way to study the seasonal dynamics of plant
communities, as demonstrated in a study by Blackburn and Milton (1996) which demonstrated
how remote sensing could be used to study phenological changes in deciduous woodland, which
is thought to be a sensitive indicator of climate change.

Pollution and Waste

Pollution events involve chemical changes to the environment, and these can often be detected
from their effect upon the reflected or emitted signal from the surface. There are many examples
of remote sensing being used to detect the presence of contaminants, but in order to estimate the
amount or concentration of a pollutant it is necessary to establish a quantitative relationship
between the remotely sensed signal and the degree of contamination. Spectral data collected
under controlled conditions in the field or the laboratory are very important in deriving and
testing such relationships. For example, EPFS users have used field spectroscopy to develop
methods to monitor the amount of hydrocarbon contamination at disused industrial sites (Jago et
al., 1999) and to study the effects of elevated levels of ozone on leaf reflectance for several
species of deciduous trees (Loizou et al., 1999). Field spectroscopy has also been used by
researchers at Edinburgh to study the development of chemical tolerance in plant canopies and to
model the way in which this might affect the ability of remote sensing to detect plant stress[8].
EPFS instruments have also been used in conjunction with airborne remote sensing to investigate
the patterns of leachate from landfill sites (Splayt, 1999 [4] and [5]), to study the movement of
nitrates and phosphates through an agricultural catchment [6], and to study leakage from
pipelines carrying water [7] and natural gas (Smith et al, 2000).

Natural Resource Management

Remote sensing is an important technology for monitoring and managing natural resources at a
global scale because the key attributes of terrestrial and marine environments are amenable to
being sensed remotely. Land cover, rock type and structure, plant health and biomass, and
primary productivity in the oceans may all be studied using satellite or aircraft sensors. EPFS
users have used field spectroscopy to correct satellite sensor data for the effect of the atmosphere
prior to image classification (e.g. Bajjouk et al., 1998; Aplin et al., 1999) and the same technique
has been successfully applied to airborne sensor data (e.g. Smith and Milton, 1999).
Developments in sensor technology and informatics mean that more sophisticated sensors are
being developed which could greatly enhance the ability of remote sensing to address natural
resource issues. In particular, imaging spectrometry has developed as a powerful technique to
estimate the biochemical composition of plant canopies and to detect specific minerals of
economic importance. Imaging spectrometers produce huge volumes of data, and so efficient
techniques are needed to extract the information required. Field spectroscopy isimportant in
determining those wavelengths that contain most information on specific land cover classes of
interest, for example Thomson et al. (1998) used an EPFS spectroradiometer to determine the
optimum wavebands for the CASI sensor to provide accurate maps of the intertidal zone. EPFS-
supported research by Hurcom et a. (1996) has demonstrated the use of feature selection based
on factor anal ytical methods rather than band selection to reduce data volume still further.



Practical examples of field spectroscopy applied to natural resource survey include a project
supported by EPFS which used field spectroscopy to identify those wavel engths needed to
produce a map of water depth and bed type which was then used to assess the extent and quality
of potential salmon spawning habitat in achalk river in southern England (Acornley et al., 1995).
A similar technique was also used by Winterbottom and Gilvear (1997) to map water depth in a
gravel-bed river in Scotland.

Biodiversity

Remote sensing offers data on the structure and composition of terrestrial ecosystems which
complements that provided by conventional field survey. The complete coverage offered by
remote sensing provides the spatial context for more detailed field sampling. Whilst individual
species may not always be identifiable from remotely sensed data, thereis evidence that the
major functional groups may be distinguished, for example between C3 and C4 species. EPFS
users have used field spectroscopy to study the spatial outcome of biological processes, such as
the creation and modification of forest canopy gaps (Blackburn and Milton, 1996) and the
patterns and processes occurring in response to vegetation stress and hydrological conditionsin
bog communities in the Flow country, northern Scotland [9]. The interactions between hydrology
and ecology were also the focus of a study looking at plant communities and soil-water
chemistry on the Insh Marshes on the floodplain of the River Tay (Grieve et al., 1995; Willby et
al., 1997). Field spectroscopy has been used to assess whether remote sensing may be used to
monitor the spread of diseases in crops, and to investigate the factors that influence gradational
boundaries in semi-natural plant communities (Armitage et a., 1995; Trodd, 1996; Kent et al.,
1997).

Environmental Risks and Hazards

Remote sensing provides a technique to study and assess various types of environmental hazard,
and, when used in aGIS, it provides the framework for amodelling risk to people and
infrastructure from potential environmental hazards. Field spectroscopy is an essential
underpinning technology in such uses of remote sensing. It is used for vicarious calibration of
satellite sensors, without which the detection of long-term trendsis impossible. It is also used in
the development and testing of new sensors, particularly in conjunction with airborne remote
sensing. Examples of research conducted by EPFS users related to environmental risks and
hazards includes a study using field radiometry to calibrate satellite sensor data for the early
detection of temperature anomalies on active volcanoes (Denniss et al., 1998), research on
airborne remote sensing of flood routing and floodplain mapping (Winterbottom and Gilvear,
1997), and research to use field spectroscopy directly to study the characteristics of tension
cracksin coastal landslides [10]. In some cases, the hazard itself may not possess a 'spectral
signature’, but its association with another, more easily detected variable, may be sufficient, as
for example when field spectroscopy was used to establish the spatial pattern of radionuclide
contamination in the intertidal zone of the Ribble estuary based upon its correlation with
particular sediments (Rainey et a. (In Press)).



Field spectroscopy also has an important role to play in atmospheric studies, especially when
combined with data from a sun-photometer, such as that which is aso available to users from the
EPFS. Studiesin this areainclude remote monitoring of the aerosol plume from Mount Etna
(Watson and Oppenheimer, 2000).
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