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Abstract For nature conservation, regular provision of consistent, timely and use-
able classifications of land covers and change is highly beneficial but is rarely
achieved. This chapter outlines the concepts behind the Earth Observation Data for
Ecosystem Monitoring (EODESM) system, which facilitates the description and
classification of any site worldwide according to the Food and Agriculture
Organisations (FAO) Land Cover Classification System (LCCS; Version 2) and with
reference to environmental variables retrieved from earth observation. Changes in
land cover, as well as causes and consequences, are described through the accumu-
lation of evidence and the system recognises these to be numerous, highly variable
and specific to different elements of the landscapes. Hence, they can be captured by
considering information provided by a range of sensors operating in different modes
and over different temporal frequencies and scales. The EODESM system is avail-
able at no cost and its ease of use makes it well suited to supporting nature
conservation.

Keywords Land cover * Land cover change ¢ Environmental variables  Earth
observation ¢ Classification * Ecopotential

Introduction

Imagine you are driving through a landscape and you are able to select any area of
ground and go back in time, seeing all its transitions and freezing the frame as and
when you liked. Was it covered in snow last winter, and was this deep or just a light
covering; or when did the spring leaves start to appear and then fall? Or, you want
to know whether the road you are now driving along is flooded or clear given there
had been intense rainfall in the mountains the night before? What kind of landscape
might this be in 50 years time and what might determine how it got there?

Within decades or less, the ability to routinely look back in time, assess current
situations and perhaps predict the future will most likely be a reality, particularly

R. Lucas (<)) * A. Mitchell

Centre for Ecosystem Science, School of Biological, Earth and Environmental Sciences,

The University of New South Wales, High Street, Kensington (Sydney), NSW 2052, Australia
e-mail: richard.lucas @unsw.edu.au; anthea.mitchell @unsw.edu.au

© Springer International Publishing AG 2017 295
R. Diaz-Delgado et al. (eds.), The Roles of Remote Sensing in Nature Conservation,
DOI 10.1007/978-3-319-64332-8_15


mailto:richard.lucas@unsw.edu.au
mailto:anthea.mitchell@unsw.edu.au

296 R. Lucas and A. Mitchell

given progress towards high resolution digital and multi-spectral temporal images
(the equivalent of videos) from space. In the next few years, people will be able to
look back in time to see how whole landscapes have changed over their lifetimes.
Linked with equivalent advances in ground-based observations, this will provide an
unprecedented view of our planet and the opportunity to tell stories of what we have
done and how things might change over our lifetimes.

The ability to observe the events and processes that have shaped our landscape
over the past 32 years (at least since 1985) has, to some extent, already been achieved
through time-lapses of Landsat sensor imagery provided by the Google Earth
Engine. Within this system, we can observe erupting volcanoes, surging glaciers,
large floods, shifting coastlines, clearing of forests and expanding cities. We have a
record of man’s impact on the planet in the recent past and some of it makes for
uneasy viewing.

The public release of the Landsat archive allowed us to have this unique perspec-
tive and many scientists have subsequently provided detailed temporal classifica-
tions of land cover. These have included forest losses and gains (Hansen et al. 2013),
tree canopy density (Hansen et al. 2013; Sexton et al. 2013), hydro-periods (Pekel
et al. 2016), open water (Feng et al. 2016), bare ground (Hansen et al. 2013), imper-
vious surfaces (Langanke et al. 2013) and ecosystem extent and dynamics (e.g.,
mangroves; Giri et al. 2011). Using coarser spatial resolution (typically 0.25-1 km)
sensors, such as the NOAA AVHRR and MODIS, an extensive historical archive of
other features of the Earth’s surface, including snow cover (Hall and Riggs 2016)
and land and sea surface temperature (Merchant et al. 2008), has been generated
over past decades, giving us a unique insight into recent global change.

The amounts of data that have currently been acquired and will be provided in
the future are vast. However, our ability to handle large amounts of, what is often
termed big data, is being addressed through cloud and other high performance com-
puting, with these providing substantive storage and processing capability.
Furthermore, image data can be downloaded and distributed to users rapidly and, in
some cases, in real or near real time (as in the case of the Planet Lab’s CubeSat
data). This new capability provides opportunities to understand the changes that
have happened, both over past decades and more recently, and to monitor and plan
into the future. If used effectively, these systems can be used to prevent or reverse
some of the damage that is being or has been inflicted on the planet and to conserve
what is remaining.

In this chapter, we describe the Earth Observation Data for Ecosystem Monitoring
(EODESM) system, which uses retrieved environmental variables and specified
classifications from earth observation data to characterise and map land covers.
Changes are identified by considering evidence obtained from earth observation
data and from other sources. The system provides insight into the causes and conse-
quence of change and redistribution of physical elements (e.g., water, sediments and
carbon). The system can also be used to recommend where and how to restore or
protect ecosystems. The approach we describe is easy to understand, simple to oper-
ate and revise, and provides a wealth of information that can be used for a wide
range of purposes, including for the conservation of nature.
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Recognizing User Needs

Individuals, groups or organisations charged with managing, conserving, protecting
and/or restoring environments desire both historical, recent and, often, real time
spatial information on landscapes. Whilst the satellite and aircraft images them-
selves provide a pictorial (and also digital) overview, the information extracted or
derived from these is often far more useful, particularly if this is: consistent over
time and within and between areas of interest; includes environmental variables
(e.g., biomass, soil moisture, salinity and water flows) or thematic classifications of
land cover, and changes in these; considers historical contexts, present situations
and future prospects; is provided at scales that are appropriate to the questions being
asked; and accurately reflects the state and dynamics of landscapes over varying
time frames. Accessibility of information is also critical, whether provided as prod-
ucts (e.g., tree cover density) or as software or processes that allow the users to
extract the required information by themselves based on their own requirements or
those of others. These requirements have been considered during the design and
development phases of the EODESM system.

The EODESM System

The EODESM System was developed through the EU Horizon 2020 Project,
ECOPOTENTIAL and was designed to provide consistent classifications of land
covers and change at multiple scales. The EODESM System was a later iteration of
the Earth Observation for Dynamic Habitat Monitoring (EODHaM; Lucas et al.
2014), which was conceptualised through the FP7 Biodiversity Multi-SOurce
Monitoring System (BIOSOS) project.

Both the EODHaM and EODESM system use the Food and Agricultural
Organisation’s (FAO’s) Land Cover Classification System (LCCS; Version 2; Di
Gregorio 2005) taxonomy to classify land covers within protected areas and their
immediate surrounds. However, for classification, the earlier EODHaM system
applied a rule-based classification to very high resolution (VHR) Worldview-2
(acquired in the pre- and peak-vegetation flush periods) and (if available) airborne
LIDAR to extract the components of the LCCS classes. These included life form
(i.e. shrubs, trees, grasses, forbs, lichens or mosses), leaf type (broadleaved, needle-
leaved or aphyllous), phenology (e.g., evergreen or deciduous), water movement
(standing or flowing) and sediment loads in water (turbid or clear). These extracted
components were then combined to generate a string of codes (e.g., A3.A10.B2.C1.
D1.El), which were translated subsequently and automatically to descriptive text
(in this case, trees of closed canopy (>70-60%) that are tall (14-30 m), continuous,
broadleaved and evergreen). The classifications of each of the layers within the
EODHaM system were conducted by defining and adjusting thresholds of spectral
bands or indices, including the Normalised Difference Vegetation Index (NDVI),
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Plant Senescence Reflectance Index (PSRI), Water Band Index (WBI) and (where
available) Canopy Height Models (CHMs) derived from LIDAR. Whilst providing
highly detailed classifications, the main limitation was the consistency in the use of
spectrally-based rules as these had to be adjusted regularly to allow for differences
in atmospheric, illumination and environmental (e.g. phenological) conditions prev-
alent at the time of the Worldview-2 overpasses. For this reason, a new concept was
developed for the EODESM system.

Our Unchanging World

Whilst there are significant changes in land cover arising from both natural and
human-induced events and processes, the basic building blocks of landscapes (e.g.,
foliage, wood, rocks, water in various states) generally do not change and neither do
the quantitative measures that are used to describe these (e.g. biomass, canopy
cover, amounts of dead or senescent material, species type, temperature, water
flows). The measures that satellite sensors record are largely consistent, with these
including spectral reflectance (%), radar backscatter (e.g., y°), surface heights and
dimensions (m) and temperature (°C). Therefore, regardless of what happens in the
future, descriptors of the building blocks of our environment will largely be the
same, as will the data and measures obtained from satellite, airborne and ground-
based systems. The challenge is to define the best algorithms and combinations of
data to describe these building blocks in a way that is consistent, reliable over time,
accurate and understandable. In effect, what is needed is a system with longevity
that will allow classifications of landscapes in, for example, 2100 to be compared to
those of the 1970s, when the Landsat sensors first acquired spectral data, and even
before then.

The FAO LCCS-2 is a taxonomy that is fundamentally well suited for providing
consistent classifications of land covers in the long term as many of its inputs are
derived from well-defined and established environmental descriptors and variables.
For example, for natural and semi-natural vegetation, key descriptors are life form,
canopy cover, the vertical and horizontal distribution of plant material, leaf type and
phenology, all of which can be derived from earth observation data acquired in differ-
ent or similar modes. For this reason, rather than focusing on providing the best clas-
sification algorithm, the EODESM system places emphasis on retrieving continuous
environmental variables as well as generating thematic classifications (e.g., of life
form or leaf type), which are combined subsequently to form the LCCS-2 classes. For
purposes of nature conservation, an additional and essential descriptor is plant spe-
cies or genus type (that is not considered in the LCCS classification but is derived
independently), which can be mapped remotely although is often restricted to those
that are spectrally distinct. An overview of the main layers that are required as direct
input to the LCCS-2 scheme are outlined in Table 1, with these relating to essential
variables associated with the broad categories of agriculture, biodiversity and ecosys-
tems, human settlements, bare surfaces and water/renewable energy/climate.
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Table 1 Variables retrieved from earth observation data and used as direct input to the LCCS

classification
Theme Description FAO LCCS-2 categories
Agriculture Crop area Cultivated area and spatial size

Crop management and
agricultural practices

Crop combinations, sequences, cultural
irrigation, cultural practices (time
factors) and water seasonality.

Crop phenology

Evergreen and deciduous

Biodiversity and

Phenology (Species traits)

Evergreen, deciduous, leaf type

ecosystems Vegetation structure Vegetation height and cover (all layers)
Fragmentation Spatial distribution
Human settlements | Urbanization Built up or not built up
Linear/non-linear structures and density
Urban vegetation
Bare surfaces Extent and type Bare surface macro-pattern and

materials

Water/renewable
energy/climate

Snow and ice cover, glaciers,
ice caps and sheets

Water state (water, ice or sSnow)

Tidal (min, max, sea surface
elevation)

Daily variations in water

Hydro-period

Hydro-periods, waterlogged

Water discharge and lakes

Standing or flowing water

Water quality and suspended Water sediment loads

particulates

Knowledge of the state and dynamics of environments requires additional infor-
mation on variables that are not relevant or appropriate for land cover classification
(Table 2). These relate to the primary uses and components of the landscape, namely
agriculture and forestry (e.g., crop and timber yields), vegetation (e.g., biomass, leaf
area index), human settlements (populations), bare surfaces (e.g., soil moisture con-
tent) and water (e.g., pH, nutrient content, snow grain size or moisture content). As
such, information on the magnitudes and changes in these variables can be included
as attributes of the land cover classification and inform on current states and past
changes. Furthermore, many of these variables, as well as those used as direct input
to the LCCS-2 classification, can be modelled, which gives the capacity to generate
predicted land cover maps (and associated variables).

Whilst the concept of using environmental variables as the basis for classification
and description of land covers is logical, an issue is the practicality of obtaining
these. It is unrealistic to expect nature conservation practitioners to generate this
information themselves in order to produce land cover maps and so these need to be
made available or capacity provided to generate these. Fortunately, because of the
past and current efforts of a large number of engineers and scientists, environmental
variables are now being routinely retrieved from satellite and airborne data and
made freely available. Notable examples include those generated at the global level
from Landsat sensor 30 m data, including tree canopy cover (2000 and 2010; Hansen
etal. 2013; Sexton et al. (2013)), bare ground proportions (2010; Hansen et al. 2013),
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Table 2 Examples of retrieved from EO data that provide additional descriptions of land cover

Variable Variable

AGRICULTURE CLIMATE (continued)

Crop type Leaf Area Index (LAI) (Land)
BIODIVERSITY Ocean colour (Ocean surface)

Net primary productivity (ecosystem function) | Permafrost (Land)

Population structure by age class and species Phytoplankton (Ocean surface)
OTHERS Precipitation (Atmosphere surface)
Elevation, Orography Sea ice (Ocean surface)

Land surface temperature Sea level (Ocean surface).

Ocean bathymetry Sea state (Ocean surface)

Wave, height, direction, period Sea-surface temperature (Ocean surface)
CLIMATE Soil moisture (Land)

Above ground biomass (Land) Surface current (Ocean surface)

Albedo (Land) Wind speed and direction (Atmosphere surface)
FAPAR® (Land)

“Fraction of absorbed photosynthetically active radiation

hydro-period (1987-2015; Pekel et al. 2016), and MODIS 500 m derived data
(e.g. 8-day snow cover from 2000; Hall and Riggs 2016). For Europe, 20 m resolu-
tion maps of tree cover density (2012), forest leaf type (2012), permanent water
(2006-2012) and impervious surfaces (2011-2012) have been generated through
the Copernicus project from optical satellite sensor data from 2001 and 2011
(Langanke et al. 2013). At local levels, more detailed retrieval has occurred using
VHR resolution and LIDAR as well as spaceborne optical and radar sensors, includ-
ing ocean wind speeds (Rana et al. 2016), soil moisture (Pasolli et al. 2015) and
snow moisture content (Nagler and Rott 2000). In each case, specialist algorithms
for retrieving environmental variables have been developed through years or even
decades of research and the resulting datasets are often well suited to support the
classification and attribution of land cover classes and change according to the
LCCS-2 taxonomy. The algorithms used for the generation of environmental vari-
ables are also being made available with associated software and these can be used
for self-generation of the required data layers, though calibration and/or validation
is essential in some cases. The outputs from the EODESM system can also be used
to describe additional variables (Table 3), with these relating to, for example, distur-
bance regimes.

Classification of Land Covers

The FAO LCCS-2 taxonomy used in the EODESM system (Fig. 1) is hierarchical
and allows for the progressive classification of a comprehensive range of land cov-
ers from earth observation data with these corresponding to those observed at
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Theme

Description

Biodiversity

Disturbance regime (Ecosystem function)

Ecosystem composition by functional type (Ecosystem structure)

Ecosystem extent and fragmentation (Ecosystem structure)

Habitat structure (Ecosystem structure)

Primary and secondary productivity (Ecosystem function)

Population structure by age/size class (Species populations)

Species distribution (Species populations)

Species interactions (Community composition)

Climate and Water

Fire disturbance (Land)

Land cover, including vegetation type (Land)

River discharge (Land)

Water use (Land)

Ocean

Mangrove, saltmarsh and sea grass area (Biology and Ecosystems)

Urban

Land use and land cover in relation to urban development and change

Health

Famine early warning, short term forecasting of communicative diseases
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(ESGHT | MACRO
| |ur|!.m

mzwvwel

PHENOLOGY

LEAF

LAND
FORM

STRATIFICATION

180LS

CLIMATE M“mllm

FLORISTIC ASPECT

Fig. 1 The FAO Land Cover Classification System (LCCS) Taxonomy
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ground level (Kosmidou et al. 2013; Tomaselli et al. 2013). The LCCS system has
been used as the basis for EO-based classifications in many studies but the typical
approach has been to establish training areas for the ‘end classes’ of the taxonomy
(such as broadleaved evergreen forests; see Yang et al. (2017) for a review of the
LCCS and other commonly used taxonomies). The EODESM takes a different view
in that it follows the sequences of classifications through the hierarchy using derived
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products from EO data, with these including environmental variables but also other
ancillary spatial information such as cadastral and urban maps, process models
(e.g., hydrological) and knowledge. The EODESM system accepts 30 primary inputs
(e.g., relating to crop sequences, leaf type, cadastral information), with thematic
layers requiring specific class codes (e.g., 1 for woody, 2 for herbaceous vegeta-
tion). Continuous layers (e.g., canopy cover and hydro-period) are automatically
translated to pre-set thematic classes within the EODESM system. Once entered,
the system automatically translates each input to LCCS component codes, which
are then combined subsequently to generate a class description. Each class is then
coloured according to a standardized scheme, as illustrated in Fig. 2. The advantage
of the classification approach is that it is relevant and applicable to any site globally
and can be applied independent of scale. The accuracies of both classification and
change maps are assessed by referencing ground-based classifications, generated
using the LCCS taxonomy (e.g., by exploiting mobile applications), or measures of
uncertainty associated with retrieved environmental variables.

Fig.2 EODESM classification of land covers in the Camargue, southern France. Over 200 classes
are represented with each associated with a detailed description according to the LCCS taxonomy.
These broadly relate to water (blue), bare ground (brown), urban areas (grey), agriculture (light
greens) and natural vegetation (darker greens)
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Classification of Change

Within any landscape, changes are often the result of specific events that are either
natural (e.g., fires, floods or storms) or the result of human activities (e.g., deforesta-
tion, mine excavation and cultivation). However, changes may be the result of
longer-term processes, which again are also natural (e.g., vegetation growth,
increased tidal inundation) or human induced (e.g., urban expansion, agricultural
homogenisation). Climatic fluctuation may lead to changes in the frequency and
intensity of events or alterations of long-term processes (e.g., mangrove extent
because of progressive rises in sea level). Changes across a landscape also occur at
different times, rates and frequencies and across different scales. For this reason,
detection and classification from earth observation data has proved difficult as the
acquisition dates and frequencies often do not match those associated with events
and processes occurring at the ground level. Indeed, many studies focusing on
change detection have typically dealt with only one type of change, with notable
examples being deforestation monitoring and flood mapping, and little or no consid-
eration is given to changes occurring within adjacent or proximal classes or at dif-
ferent times and rates. Furthermore, change is often detected on the basis of the
differences in only one or a few remotely sensed variables, whether they are spectral
reflectance or radar backscatter, indices or retrieved environmental variables.
Within the EODESM system, events and processes are detected when changes in
the components of LCCS classes are observed. As an example, the annual period of
inundation within a wetland may decline from 292 to 182 days, with this corre-
sponding to a reduction in annual hydro-period from B1 (>9 months) to B8
(4-6 months). However, there may be additional evidence that supports the interpre-
tation that such a change might be the result of drying of the landscape. This might
include a change from flowing to standing water and/or turbid to clear water over a
similar time frame, which are both thematic categories, but also in environmental
variables such as an increase in salinity or algal amounts. By referencing this addi-
tional information, the probability of this change being attributed to long-term dry-
ing is increased. A further example is given in Table 4, which illustrates a change in
both life form and canopy cover (Case A; associated with selective logging) and
water state (snow to water) and flow rates (standing to flowing) (Case B; snow melt

Table 4 Examples of change detected by comparisons of LCCS component codes and
environmental variables

LCCS code Component | Component | Biophysical
Thematic | Continuous (Period 1; P1) |code (P1) code (P2) change

A | Life form | Canopy Cover) | A12.A4.A10. | A4 (Trees) | A3 (Shrubs) | Cover of 80%

(Codes of | (0-100%) B4.C1.D1.E2 to >40%
1-9)

B | Water State | Water B28.A1.B4. A2 (Snow) | Al (Water) Velocity of 0
(1,2,3) movement C1.D2 to >20 m? s~!

(m? s71)
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and increased river discharge). The accumulation of evidence to support the inter-
pretation of the change event or process provides the user with information to facili-
tate a response and manage change effectively.

Whilst the LCCS-2 provides a means to describe land covers, few taxonomies
are available for describing and documenting change. However, a review of transi-
tion events and processes conducted in support of the EODESM change detection
modules identified 80 change categories, with these associated primarily with natu-
ral vegetation, agriculture, urban areas, water and bare ground (Table 5). In each
case, possible transitions from one LCCS component class to another that are rele-
vant for each of the 80 change categories have been documented, as have changes

Table 5 Main categories of change considered within the EODESM system

Natural
vegetation Agriculture Urban Water Bare ground
Deforestation | Herbicide spraying Road abandonment | Flooding Lava flows
Degradation Burning Greening Inundation Sedimentation
Selective Cutting Browning Drying event Erosion
logging
Defoliation Grazing Planning Long term Dune change
drying
Thinning Growth Urban densification | Snow
accumulation
Dieback Stubble formation Urban renewal Snow loss
Growth Agri. expansion Waste dumps or SnowFall
extraction
Thickening Agri. water supply Communication SnowMelt
installation and
abandonment.
Encroachment | Agri. time factor Rail conversion Waterlogging
Abandonment | Tillage Rail construction | Water OutBurst

Hedgerow loss | Pasture degradation

Urban expansion

Dam creation

Pasture replanting

Road conversion

Land drainage

Crop change Road construction | Freezing

Crop growth Road improvement | Thawing

Crop sequence change | Industrialisation Glacial flow
Agri. homogenisation | Infilling/levelling | Sea level rise
Agri. division Water pollution
Plantation Tidal loss
establishment

Plantation growth

Grass fertilization

Orchard planting

Slurry or sediment
spreading

Liming
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in retrieved environmental variables (including spectral indices). By considering
these transitions, the EODESM system allows for automated detection of these
changes based on evidence and can highlight those change events or processes that
are adverse or beneficial, although opinion varies depending upon the nature of the
environment being affected. For example, the establishment and growth of pine
plantations may be beneficial in terms of biomass accumulation and carbon seques-
tration and storage but may have adverse impacts on the abundance and diversity of
faunal species.

The automated detection and description of changes over varying periods of time
and based on the accumulation of evidence often results in a large number of events
and processes being identified over the period of a time-series. However, more tar-
geted detection and description of change may be achieved by identifying breaks
(e.g., using the BFAST algorithm; Verbesselt et al. 2010) or longer-term trends in
the time series of, for example, Normalized Difference Vegetation Index (NDVI)
data obtained from Landsat or Sentinel-2A/B data. Where an event is identified,
imagery acquired just prior to and following the date of change can be accessed. A
LCCS-2 class is then assigned and changes in the components of this class are
reviewed. When used in combination with time-series of retrieved environmental
variables, a better assessment of the change event can be provided. In the case of
longer-term processes, the transitions in component classes over the change period
(e.g., from trees to grasslands, to shrubs and back to trees in the case of regeneration
following deforestation) can be used to track the nature of change in land cover.
Changes in environmental variables can similarly be tracked. A particular advantage
of this approach is that changes can be automatically highlighted depending upon
their severity or benefit.

Causes and Consequences of Change

Often when we detect a change, there are clear drivers and consequences of this. For
example, dieback of trees may occur because of a prolonged flooding event, with
this evidenced primarily by a decrease in canopy cover. There are only a few likely
causes of the flooding, with these including those that are natural (e.g., increased
rainfall over an extended period or an intense rainfall event) or human-induced (the
creation of a dam and reservoir). The immediate consequence of the flooding is the
loss of foliage cover followed by full or partial mortality of all or some of the trees.
Follow-on consequences that would be considered negative include the loss of ter-
restrial elements of biodiversity and carbon in vegetation, with these occurring over
variable periods, whilst positive benefits might include an increase in aquatic biodi-
versity and long-term storage of carbon. The consequences may be relevant to the
specific area of ground that is affected or experienced in areas that are proximal or
even far removed. For all areas (or objects within a scene), the causes and conse-
quences of change can often be pre-determined and hence mapped alongside the
change. The causes and, more often, the consequences of change also relate to the
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movement of materials within a landscape. For example, a deforestation event
within a catchment can result in the loss of carbon to the atmosphere, reduced
uptake of carbon dioxide (CO,), the increased movement of water through the
catchment and the transfer of sediment down slope, into water courses and ulti-
mately to coastal regions. This movement of material can be modelled but can also
often be observed within earth observation data or quantified within derived prod-
ucts (e.g., temporal vegetation biomass maps reflecting the accumulation of
carbon).

The EODESM system has been designed to associate a change (described
through the accumulation of evidence) with a number of causes and consequences
(including movements of materials), which the most likely determined through con-
sideration of evidence. As such, the system provides a range of users (e.g., scien-
tists, nature conservation managers, politicians) with knowledge that can be used to
make informed decisions on many aspects of the landscape relating to, for example,
emergency response to adverse events, land management over varying time frames,
the impacts of past and current policies and planning future landscapes.

Concluding Remarks

Using the vast archives of historical earth observation data and new concepts, such
as those developed through the EODESM system, we can already place ourselves
within a landscape, both currently and at specific points over the past 30 or so years,
and describe the key elements relating to vegetation, water, bare areas and artificial
and cultivated environments. This capacity has been enhanced considerably through
the recent provision of near daily data from multiple sensors on board satellites
including the RapidEye, Planetscope and Sentinel-1/2 and viewing platforms such
as Google Earth, Google Earth Engine and Planet Lab's Explorer. Through knowl-
edge of past landscapes, we can now better understand the reasons for their compo-
sition today and plan for future landscapes that balance human use of the land with
the requirements of its flora and fauna, with this ultimately leading to societal and
economical benefits. This capacity is set to increase significantly with advances in
computing technology and engineering. This will also raise our understanding of
the environment and how it functions and adapts in response to change. The ability
to observe changes now and back in time and into the future is therefore becoming
possible and the path is open for this to occur routinely and on demand.

These new advances create significant opportunities for nature conservation as
events and processes within the landscape can now be observed in near real time and
historically. Much of the perceived complexity in obtaining and pre-processing
imagery, and extracting information that is of practical use, has been overcome by
the provision of analysis ready datasets and classification and change detection sys-
tems such as EODESM. Many of the algorithms used for the retrieval of environ-
mental variables and classifications of landscape, as well as local to global products,
are becoming openly and freely available and transparent, with these generated by
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scientists with decades of experience in earth observation. As illustration, the soft-
ware used in the development and implementation of the EODESM system is open
source and freely available and is based primarily on python scripts and the
RSGISLib (Bunting et al. 2013; Clewley et al. 2014). Numerous options are becom-
ing available for routinely evaluating the accuracy and reliability of these products,
giving confidence to many users. For these reasons, earth observation datasets can
now be better used to transform the way that our environment is managed and con-
served. No longer are procedures and products remaining within the realms of the
scientific community; they now can transition into being used to support nature
conservation in a more practical sense. For this, we give credit to many individuals,
groups and organisations (e.g., space agencies, governments and businesses such as
Google) for facilitating free and public distribution.
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