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Abstract Conservation of biodiversity is an essential issue due to increasing climate change and
anthropological factors. Various rich biodiversity zones are greatly threatened and degrading with an
alarming rate therefore it’s required to safeguard these zones and their habitats at regional and local
levels. In order to implement significant conservation schemes, exhaustive information on the
distribution of species on a temporal basis are required. Recently, remote sensing and biodiversity
communities have started coordinating their research ideas, problems and their solutions on a single
platform. The likelihood of such type of co-operations has been significantly strengthened with the
advancements in satellite remote sensing technology in last decade. Thus, this advancement has
empowered the interdisciplinary research at regional and local scale with high temporal resolution to
provide information about changes in species distribution, habitat degradation and fine-scale
disturbances of forests. This paper presents the smart satellite remote sensing technologies, which
can be very useful in retrieving relevant information about biodiversity present on earth surface. This
paper emphasises on various advance remote sensing imageries and their utility in deriving relevant
parameters and drivers required for biodiversity monitoring. This review paper incorporates the
categorization of all important and advanced sensors with respect to the essential biodiversity
variables required for its monitoring and conservation.
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1. Introduction

In general, biological diversity, or in short, biodiversity has been defined by the leading Convention on
Biological Diversity (CBD) as “the variability among living organisms from all sources including, inter
alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are
part’. This includes diversity within species, between species and of ecosystems. Biodiversity may be
divided into following components as shown in Figure 1.
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Figure 1: Components of Biodiversity

Conservation of biodiversity is proximately related to global environmental changes and globalisation
issues, such as land use and land cover changes, climate change, and sustainable developments
[45]. During the last century, human beings have caused changes to ecosystems more rapidly than in
any comparable period in history due to rapid industrialization. As a result, biodiversity and their
ecosystems are declining rapidly. This loss is further augmented by the lack of knowledge of
biodiversity, especially amongst people with close relationship with the ecosystem. The global
challenges relating to biodiversity include inventories to determine the magnitude and location of
biodiversity existence and its change dynamics. At present, it is important to link biodiversity and
human use of land in order to sustain biodiversity.

Remote sensing is a science of gathering information without coming in contact with earth [29], has
wiped the fields of Ecology, Biodiversity and Conservation (EBC). Remote sensing has ability to
provide consistent data of earth at various scales from global to local. In addition to this, remote
sensing does not require labour and it also save time when compared to ground-based observations.
The potential of synergies between remote sensing and biodiversity based research has been
acknowledged by practitioners, researchers and data providers to better understand how remote
sensing based studies can be utilised in bio diversity monitoring and its conservation [14, 20 & 34].

In this paper, smart technologies of satellite remote sensing have been highlighted. Satellite remote
sensing incorporates three different prospects such as; satellite data, satellite data handling
algorithms and software. In general satellite data can be obtained in the form of images, which
includes low, medium and high resolution images. These satellite images contain variety of
information of earth surface and level of details varies at different types of resolutions. To handle the
complexity of information associated with these datasets various algorithms have been developed by
researchers. These algorithms include statistical, probabilistic, artificial neural network and fuzzy
based methods. Third prospect comprises of various types of commercial and open source softwares
which take into consideration the algorithm and data handling. This paper presents the first prospect
of satellite remote sensing i.e. different types of satellite remote sensing datasets and their utilities in
biodiversity monitoring.

With this introduction, the aim is to highlight the importance of interdisciplinary perspective on satellite
remote sensing and biodiversity monitoring and its conservation. This paper focuses on importance of
space borne remote sensing in the field of biodiversity research from the angle of remote sensing
specialists. It attempts to identify the specific remote sensing data set which may be applied to
biodiversity monitoring.

2. Relevance of Remote Sensing Over Conventional Methods to Monitor Biodiversity

Biodiversity monitoring with traditional in situ methods normally requires as much effort as composing
the initial inventory, as repeated measurements should be based on the same sampling methods and
designs to explicitly detect changes. Some optimisation may be possible though using modeling and
mathematical analysis [52]. Due to the inaccessibility of some habitats within a study region such as
thick mangrove, steep slopes and practical considerations such as proximity to roads or observer
populations may affect the inclusiveness of results obtained with traditional in situ methods.
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Remote sensing cannot overcome traditional approaches for composing initial inventories of species,
except in case of very large species identifiable on space-borne or airborne images. However, remote
sensing is air replaceable large scale biodiversity monitoring tool at the level above species. If
integrated with quality ground data and it can give more accurate results as compared to traditional
methods. Remote sensing can be very advantageous for both planning surveys as well as monitoring
biodiversity changes thereafter. To carry out repeated measurements under spatio-temporal
conditions similar to the initial inventory, remote sensing is valuable tool in identifying when and
where to monitor [7, 12, 31 & 49].

3. Remote Sensing Data Types and Their Applicability in Biodiversity

Remote sensing measures the electromagnetic waves reflected or emitted by distant objects present
on Earth surface. Basically two types of sensors are attached with satellites: active or passive. The
type of energy source required for both the sensors creates the basic difference between active
sensors and passive sensors. Passive sensors, also known as optic sensors use Sun as an energy
source and records reflected radiations of Sun from the Earth’s surface. Multispectral scanners and
Photographic cameras are passive sensors often used in satellite remote sensing Active sensors
have their own energy source. They emit a signal that travels through the atmosphere, reflects on the
Earth’s surface and returns to the sensor, which measures the signal’s travel time and strength.
Synthetic Aperture Radar (SAR) is an example of an active sensor. Since it use signals with long-
wavelength therefore, it can penetrate clouds or bad weather conditions [28].

3.1. Advanced Datasets in Remote Sensing of EBC

At present, remote sensing can provide data in different forms such as, hyperspectral, high spatial
resolution, LIDAR and thermal infrared sensors. In order to avoid confusion between hyperspectral
and high spatial resolution sensors, focus mainly given to medium spatial resolution hyperspectral
sensors, such as Hyperion with 30m spatial resolution. Since radar sensors have their applications
mostly in ice and snow, geology and agricultural domains therefore they have not selected in this
discussion. Moreover, emphasis has been given to high spatial resolution sensors and their
applications in biodiversity monitoring.

3.1.1. High Spatial Resolution

Normally in remote sensing high spatial resolution are also called as fine spatial resolution. The
resolution is less than 10 m, and it ranges from 0.5 to 10 m in the commercial domain for
environmental studies. Worldview-2 (WV-2), QuickBird, OrbView-3, IKONOS, and SPOT-5 (Satellite
Pour I'Observation de la Terre-5) are the commonly used sensors. The advantage of high spatial
resolution imagery is that it effectively increases the accuracy of characterization and identification of
small objects at fine scales [20 & 59]. Gillespie et al. (2008) provided various examples for
identification of plant species accurately based on the high spatial resolution imagery. Turner et al.
(2003) revealed that it is viable and applicable to directly identify certain species and species
assemblages at fine scale. In addition to this, fine scale imagery can be employed for the accuracy
assessment of remote sensing derived from coarse or moderate spatial resolution imagery.

Wabnitz et al. (2008) has done the accuracy assessment for Landsat imagery of large-scale sea-
grass mapping against patterns detectable with the help of fine resolution IKONOS images. In
addition to this, security restrictions and data coverage is still a considerable constraint before easily
acquiring fine resolution satellite data [46]. In addition to this, it is also observed out that fine spatial
resolution imageries are still under-utilized and potential resources for biodiversity based research.
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Harborne et al. (2008) highlighted intra-habitat variability in coral-reef fish by mapping heterogeneity
among habitats. Fine resolution satellite data have opened the new gates for the development of
species-level distribution maps along with structural information on canopy diameters, dominance,
and distribution of age-class [54]. Moreover, some recent studies have revealed that the spectral
bands of WV-2 ranging from 400 to 1040 nm are suitable for plant health analysis and it can also
discriminate among various types of tree species [32 & 48]. Thus, WV-2 imagery may provide plenty
of detailed information on a regular interval for various applications such as environmental,
agricultural survey, ecological, geological, urban planning, and other areas.

Figure 2 is depicting the high spatial resolution satellite images of various sensors. Further, table 1 is
showing the spatial and spectral information of various high spatial resolution sensors. The level of
details present in the imageries and information associated with each object present on earth surface
varies as the spatial resolution of sensors changes. Since these new generation sensors are playing
a crucial role in biodiversity monitoring and its conservation by providing immense information of
earth surface. Thus, these sensors are opening new dimensions in the field of biodiversity monitoring
as discussed above.

Table 1: Satellite Sensors with Spatial Resolution and Spectral Information [66]

Sensor Name  Spatial Resolution Spectral Bands Area Coverage
PAN MS PAN MS

Geoeye-1 0.46m 1.84m 1 band 4 bands 300 km x50 km (per strip)

Rapideye NA 5m NA 5 bands 77 km x 1,500 km (per strip)

IKONOS-2 0.82m 32m 1 band 4 bands 4700 km square (per strip)

Quickbird 0.65m 2.62m 1 band 4 bands 18 km x 360 km (per strip)
WorldView-2 0.46 m 1.84m 1 band 8 bands 138 km x 112 km (per strip)

Landsat-8 15m 30m l1band 10 bands 185 kmx 180 km and can collect 500 scenes per day

PAN — Panchromatic, MS — Multispectral, NA — Not Applicable
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Figure 2: High Spatial Resolution Satellite Images [66]
3.1.2. Hyperspectral Data

Hyperspectral data have the capability to collect plenty of spectral information across a continuous
spectrum normally with 100 or more contiguous spectral bands. It is somewhat dissimilar from
multispectral sensors which incorporate relatively few discrete bands [46]. Due to the availability of
hundreds of spectral bands with narrower width such as 10-20 nm spectral bandwidths offer new
aspects to detect fine differences between objects of interest (Figure 3). The best instance is to
distinguish fine-scale; species-specific land covers such as soil type’s or vegetation categories which
make incredible contribution to the biodiversity based studies. In addition to this, it was also found out
that hyperspectral data can also be successfully applied in recording information of important plant
properties such as water content, leaf pigment and chemical composition. Thus, it is possible to
discriminate tree species in landscapes, and accurately identification between different species [59].
Similar to the case with fines spatial resolution imagery, hyperspectral imagery is also under-utilized
resource and due to its high cost problem, it is putting it out of research for ecologists predominantly
those in developing countries who keenly required the data [20 & 59].
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Figure 3: Basic Concept of Hyperspectral Imaging [46]

List of hyperspectral sensors is shown in Table 2:

Table 2: List of Hyperspectral Sensors

Sensor Agency
Hyperion Sensor EO-1 (Earth Observing-1) NASA (National Aeronautics and Space Administration)
CHRIS (Compact High Resolution Imaging Spectrometer) European Space Agency
PROBA (Project for On-Board Autonomy) US Air Force Research Lab
FTHSI (Fourier Transform Hyperspectral Imager) US Air Force Research Lab

Among all these sensors, most commonly used and first civilian sensor is Hyperion, which is
controlled by the EROS (Earth Resources Observation and Science) at a fairly low cost to the general
public [53].

Hyperion hyperspectral imageries include applications in various fields such as forest biodiversity and
ecology [21], vegetation, agriculture [3], fragmented ecosystem and coastal environment [37].
Recently in a Belgian heath land Natura 2000 landscape it was highlighted by the researchers that
the potential and ability of airborne hyperspectral line-scanner radiometer (AHS-160) imagery was
outstanding in mapping habitat extent and quality. Due to availability of 63 visual and near-infrared
bands with a spatial resolution of 2.4 m, it became possible to map habitat extent, although the
contrast was relatively low between heath land habitat types [22].

Hyperspectral imagery has numerous applications such as assessment of habitat degradation and
stress [29]. Due to the availability of larger and narrower bands, it can also detect changes in
structural and chemical traits. In addition to this, it can also detect changes in the level of nitrogen,
phosphorus and other foliage compounds that could be linked with discrepancy in environmental
factors such as quality of soil [58]. Further, comparison was also done between the field assessments
and potential of airborne hyperspectral imagery to deliver information related to conservation status of
two Natura 2000 heath land areas [56]. It was found that field based assessments estimated 43% of
the variation in fine-scale indicators about habitat condition. While on the other side information
obtained from remote sensing was less as compared to field based assessments and it was up to
39% only. In other studies such as assessment of invasive species, it was found that hyperspectral
images are more useful for the mapping of individual species, whenever there is a low density
scattered distribution of invader species [24].
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3.1.3. Active Remote Sensing Sensors

Passive remote sensing data suffers cloud cover and haze related problems, however active remote
sensing is not affected by atmospheric conditions. SAR is being used, with a number of new satellites
such as, Terra SAR/Tandem-X. They are providing ample of opportunities for landscape monitoring at
very high spatial resolution [20]. In particular, both SAR and LIiDAR technologies have potential to
gather information in different formats and it would be very useful for estimating above ground
biomass and also the structure such as height and cover of woody vegetation. Further it can also be
correlated to forest condition and biodiversity related issues. However, the usage of SAR and LIDAR
data has been somewhat restricted in developing countries due to the technological and security
challenges associated with them [5 & 26].

Active remote sensing data provides complementary information than passive sensors [57]. SAR data
could be a best alternative to optical data for those areas which are more prone to cloud cover
problems. The most important applications of Radar and also LiDAR is that it can provide three
dimensional structure of any area which would be very useful in discrimination of different habitat
types [35], which can be related to succession, age and species composition [9, 42 & 57].
RADARSAT-2 and ALOS PALSAR have shown immense potential for mapping wildlife habitat,
especially when integrated with optical data through data fusion [64]. In brief, ALOS PALSAR L-band
allows detection of non-forest and forest and retrieval of above ground biomass [50].

With its ability to penetrate below the top vegetation canopy, can be very useful for monitoring habitat
degradation. An integration of SAR and Landsat data was used to differentiate among Amazonian
forest patches during different stages of re-growth [37]. In a similar study, it was found that the Scots
Pine and Norway spruce of Finland were classified to an accuracy of 83% and 90% respectively, on
the other side birch trees were mixed with the other species [60].

3.1.4. High Resolution Digital Elevation Model (DEM)

Since forest biological parameters or attributes such as canopy density, tree height, canopy diameter
and composition of species plays crucial role in biodiversity research. Thus, determination of these
attributes is very important as they are required by forest planners, managers and policy makers for
an estimation of forest conditions, volumes and biomass. At national and global levels, this
information is required to estimate the existing carbon stock in the Earth's system, which would be
very useful in deriving models for climate change studies, changes in biogeochemical cycling, and
changes in wildlife habitats [18]. Traditionally in India we take field based survey of forest stock
inventory which are tedious, costly, time-consuming and lack uniformity and accuracy [16 & 43].

Figure 4: Example Images of Extracted DEMs (a) 1 m DEM from stereo IKONOS Satellite Image Data (b) 10 m
DEM Extracted from Stereo Cartosat-1 Satellite Image Data [66]
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Cartosat-1 with 2.5 m PAN stereo and Cartosat-2 with less than 1 m PAN stereo capability have
opened up new gateways of applications in forest biodiversity studies. Due to the availability of fine
resolution stereo data from satellites such as SPOT (Systeme Pour |' Observation de la Terre),
IRS-1C/1D, IKONOS and Cartosat, it is becoming possible to create the fine quality DEMs. In addition
to this, terrain variables required for many applications in natural resources management, including
forest biodiversity studies [6 & 47]. Figure 4 depicts the extracted DEM from IKONOS and Cartosat
satellite data. Various topographic variables such as height, slope, aspect and morphology can be
derived from these DEMs, which would provide relevant information for biodiversity monitoring.

4. Monitoring Biodiversity Using Satellite Remote Sensing

Before proceeding to the various applications of satellite remote sensing in biodiversity research, it is
essential to understand the possible approaches of remote sensing technologies to monitor
biodiversity. Since, there are various components of biodiversity, thus remote sensing applications
may vary as per the respective component. Suitability of approach depends upon the kind of
environment in which biodiversity is to be monitored.

4.1. Advancement in Remote Sensing Methods for Biodiversity Monitoring

Recently, there is advancement in sensor technologies and digital image processing techniques,
along with growing spatial detail. This led to challenge the remote sensing community to find out new
methods of exploiting information present in these fine images more intelligently. Object Based Image
Analysis (OBIA) is becoming a new paradigm in the field of remote sensing due to its ability to handle
complex information associated with new generation satellite datasets mentioned above. This paper
highlights the basic methodology of OBIA and its applicability in the field of biodiversity monitoring.

With the wide availability of fine resolution data, pixel-based classification algorithms seems to be not
ideal to extract information desired from the data revealing high frequency components with high
contrast and horizontal layover of objects [28]. Since, last several years, pixel based classification
approaches are in vogue for classification of coarse and medium spatial resolution remote sensing
data. However, the traditional pixel based classification approaches have limitations in incorporating
the spectral, geometric, and contextual attributes such as shape, size, texture, shadow of land use
features such as roads, buildings, trees etc., in the classification process [62]. Inclusion of these
attributes may result in production of quality land use maps from high resolution data. This has given
impetus to the development of OBIA recently.

OBIA is relatively a new concept applied for the extraction of meaningful objects of similar attributes
from remote sensing images via a segmentation process. The classes involve a connection to nearby
objects such as super and sub-objects in hierarchical order. Spatial relationship such as ‘nearest
neighbour’ or statistical similarities can be applied on segmented image for assigning class. At its
rudimentary level, OBIA involves image segmentation, attribute selection, classification and the ability
to link individual objects in hierarchy. The basic flowchart is shown in figure 5. Basically, OBIA is
based on the assumption that image objects provide a more appropriate scale to map environmental
features and allows features with significant variations in their spectral reflectance signature to be
mapped at specific scales [4].

Satellite N Image ‘ Hierarchical Feature T — Extracted
Imagery Segmentation ‘Object Network Selection Objects

Figure 5: Basic Flow Chart of OBIA Methodology
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A variety of studies have been carried using object based classification into the science of EBC. In a
similar study it was proposed that object based classification may traverse the possible Landsat-gap
on applications such as landscape pattern analysis or ecological models [64]. Moreover, biodiversity
in an urban context in Bangalore was assessed and different challenges were found out in utilizing
very high resolution GeoEye image for mapping of tree species and density estimation in human
influenced urban areas. Here six different tree species were mapped using pixel-based and object
based approaches and final comparison has been carried between the two approaches [1]. It is found
that OBIA appears to have high potential over pixel-based approaches for monitoring changes in tree
species distribution and tree felling in this highly data-poor, dynamic and fast developing city, which
urgently requires better information on tree distribution for monitoring and management.

4.2. Application of Satellite Remote Sensing in the Field of Biodiversity Monitoring

Degradation and loss of habitat along with invasion of alien species are among the potential threats to
biodiversity. Landsat imagery was mostly used to detect and map anthropogenic disturbances in
desert environments and focus was also given to oil exploration in the Sahara in one of the case
study [13]. In a similar study it was examined that the projected and current regional distributions of
an invasive species in the United States, Ailanthus altissima, integrating ground-based
measurements from the United States Forest Service’s Forest Inventory and Analysis program with
new data products from NASA’s Terrestrial Observation and Prediction System [8]. Essential
biodiversity variables (EBV) help in prioritizing by defining a minimum set of essential measurements
to capture major dimensions of biodiversity change, complementary to one another and to other
environmental change observation initiatives. Table 3 illustrates the relationship of EBVs with satellite
images. Table 4 highlights the important research work carried out by remote sensing analysts in the
field of biodiversity monitoring.

Table 3: Relationship among Essential Bio-Diversity Variables & Remote Sensing Measurement Scales [27& 63]

EBV (Ecosystem
Structure)

Spatial Resolution satellite imagery
with type of measurement scales
(including available remote sensing
Sensors)

Relevance and related information for biodiversity

Temporal
phenology metrics

Low/coarser spatial resolution
(Global Scale)
(MODIS, AVHRR etc.)

Phenology types, Forest / Non Forest,
Deforestation and Biomass burning.

Habitat Structure,
Ecosystem extent
and
fragmentation

Medium spatial resolution
(Regional Scale)
(Landsat, IRS, SPOT etc.)

Forest type distribution and agricultural
expansion.

Habitat types and
structures, and
Ecosystem
composition by
functional type

High spatial resolution
(Local scale)
(IKONOS, QuickBird, Rapid Eye
historic GeoEye, WorldView-2 etc.)

Species-level distribution, canopy diameters,
stand-level analysis, individual tree detection, to
differentiate species at a finer scale.

Habitat types and
structures

Active remote sensing data

Habitat degradation monitoring by generation of
3D structures.
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Table 4: Applications of Remote Sensing in Biodiversity Monitoring

Issues addressed Data used Focusing Area
1) Land-use and IRS and 1) Landscape and regional dynamics of canopy damage in Eastern Amazon forest [2]
land-cover Landsat 2) LULC identification in Nubra Valley [30]
mapping and 3) Estimated the extent of forest habitat and loss over the last 20 years within and
monitoring surrounding 198 of the most highly protected areas [10]
4) Bio-resource conservation study in Western Himalayas [36]
2) Biodiversity IRS, IKONOS 1) Measured the structure and composition of tropical dry forests [15]

characterization and

and Landsat 2) Predicted woody-plant species richness in tropical dry forests of South Florida, USA [19]

assessment 3) Mapped the species richness and composition of tropical forests [17]
4) Investigation of tree diversity mapping in the Hyrcanian forests of Iran [44]
5) Assessed the plant diversity in a dry tropical forest of central India [25]
3) Forest IRS, 1) Forest management and land use/cover changes in the mid elevation zone of Central

degradation and
Species invasion

Landsat, Himalaya, India [39]
QuickBird, 2) QuickBird high resolution (2.8 m) satellite imagery was used to distinguish giant reed
IKONOS, invasion along Rio Grande in southwest Texas [40]
Worldview-I| 3) Quickbird Satellite to estimate the flowering population of Tabebuia guayacan trees at

Barro Colorado Island (BCI), in Panama [51]
4) Impact of anthropogenic pressure on forest cover has been analysed using satellite data
and field observations [55]

5. Summary and Conclusion

Based on the above studies, it is now possible to use smart technologies such as satellite data,
computing algorithms and techniques to analyse complex and difficult phenomenon such as
biodiversity monitoring. Table 5 gives a summary of the different types of remote sensing data that is
useful in biodiversity monitoring. Based on the type of application, it is possible to now select the
appropriate satellite dataset in order to reach to possible monitoring scenarios.

On the basis of above discussions following conclusion can be drawn.

i) Satellite remote sensing offers smart solutions for biodiversity monitoring and to prepare
conservation strategies with less effort.

ii) Due to the availability of multi-date, multi-resolution, multi-sensor datasets, it has become
possible to acquire huge details of earth surface without making tedious field visit.

iii) Since high spatial resolution datasets can acquire very fine details over small areas at a regular
interval of time. Thus, this information will provide basis for regional scale monitoring of
biodiversity.

iv) This

review primarily highlights the

role that remote sensing can play in assisting

environmentalists to characterize and map biologically rich zones, generating information on
changes in biodiversity, alteration and distribution in species diversity.

Table 5: Summary of Active and Passive Remote Sensing Data Useful for Biodiversity Monitoring

Sensor

Biodiversity Monitoring

Coarse Spatial Resolution

Forest / Non Forest, Biomass burning studies at global scale.

(MODIS, AVHRR)

Medium spatial resolution
(Landsat, IRS, SPOT)

Indicators of overall species richness and diversity at regional scales, forest type
distribution and agricultural expansion.

High temporal resolution data (Multi
season data or images corresponding to
specific seasons)

Information on invasion species and other species of interest (e.g. using images
acquired corresponding to critical phonological stages of flowering or leaf
senescence.
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Very high spatial resolution
(IKONOS, QuickBird, Geoeye,
WorldVeiw-2) distribution, canopy diameters, stand-level analysis, individual tree detection.

degradation in forests, fine scale monitoring of urban sprawl, Species-level

Hyperspectral Differentiation of plant communities that are spectrally similar, mapping top canopy
(ASTER, HyMap, AVIS-2, AHS-160)

tree species or genus level and identification of invasive species, relating
heterogeneities to species richness and diversity.

Active Remote sensing Data

(SAR, LIDAR) structures.
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