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Space - the final frontier for biodiversity monitoring? 

29 APRIL 2016 

Societal, economic and scientific interest in knowing where biodiversity is, how biodiversity is faring 
and what can be done to mitigate biodiversity loss are at an all-time high. However, biodiversity is a 
complex, multidimensional concept that has proven hard to track globally. Satellite Remote Sensing 
has been highlighted as having considerable potential to deliver global monitoring options for 
capturing and understanding change in biological diversity. For example, satellite remote sensing can 
provide global coverage that spans multiple decades; inform on the loss of biological diversity at a 
wide range of scales in a consistent, borderless, repeatable and rapid manner; and support a dynamic 
approach to environmental and wildlife management. 
 
Although satellite-based variables have long been expected to be key components to a unified and 
global biodiversity monitoring strategy, how we apply satellite information into existing monitoring 
frameworks is still being debated.  
 
This symposium will bring together leading experts in biodiversity monitoring and satellite remote 
sensing to discuss ways to better capitalise on this technology to monitor biological diversity globally.  
Speakers will also debate the implications for conservation policy and practice. 
 
The event will feature a poster competition. A workshop on scientific writing offered to all attendees 
and organised by the Remote Sensing in Ecology and Conservation editorial team.  
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08.30  REGISTRATION OPENS 
 
09.00   Welcome 
 Nathalie Pettorelli, Zoological Society of London, UK 
_____________________________________________________________________________________ 
SESSION 1: Monitoring biodiversity globally: challenges and opportunities 
  Chair: Nathalie Pettorelli, Zoological Society of London, UK 
_____________________________________________________________________________________ 
 
09.15  Global biodiversity monitoring: challenges, status, and paths forward  
  Gary Geller, Group on Earth Observations, & GEO BON, Switzerland 
 

Earth is a big place and monitoring the whole thing is a challenge--one that is further 
complicated by the multiple dimensions of biodiversity that may require different observation 
methods. One key challenge is to decide what to measure. With limited monitoring resources it 
is necessary to prioritize, to balance cost with usefulness in a way that maximizes the return on 
the investment of those resources. But “usefulness” depends on what problems you are trying 
to solve, and opinions vary widely within the biodiversity community on this. A good approach 
is to start by building on previous work, in particular to focus on the CBD Aichi Targets and their 
associated indicators. This is, largely, the approach that the Group on Earth Observations 
Biodiversity Observation Network (GEO BON) has taken as it facilitates the identification of 
Essential Biodiversity Variables (EBVs), which are the key variables to measure to understand 
how and why biodiversity is changing. Satellite remote sensing (SRS), particularly when 
combined with in situ observations, can provide much of the information needed to generate 
EBVs. For example, SRS can provide estimates of Net Primary Productivity, ecosystem extent 
and fragmentation, plant phenology, and ecosystem composition and structure, and can 
contribute to information on species distribution and abundance. In addition to being global 
SRS provides regular, periodic coverage, making it ideal for monitoring.  
 
Using SRS is not without its challenges, however. Clouds are an issue in the wet tropics for 
optical sensors, which are the ones for which most data are available. Accessing, processing 
and utilizing SRS products often requires a different skill set than many biodiversity and 
conservation scientists have. Some important types of sensors such as imaging spectrometers 
(which can provide much greater taxonomic discrimination as well as information on canopy 
chemistry) and Lidar (which can provide vertical structure information for forests) have only 
very limited capabilities or have not yet been launched. Fortunately discussions are underway 
to fill these gaps, although that is not a rapid process. Ultimately, however, what is needed is a 
Global Biodiversity Observation System—a coordinated suite of observation activities and 
sensors, both SRS and in situ, along with the associated processing, distribution, and reporting 
capabilities needed so that decision makers can make better decisions. GEO BON is gradually 
facilitating the development of such a system, with EBVs being a key component 
 
 



 
09.45  Monitoring global threats to biodiversity 
  Lucas Joppa, Microsoft Research, USA  
 

Reducing rates of biodiversity loss and achieving environmental goals requires an 
understanding of what is threatening biodiversity, where and how fast the threats are changing 
in type and intensity, and appropriate actions needed to avert them. One might expect that the 
Information Age – typified by a deluge of data resulting from massive and widespread 
collection, digitization and dissemination of information – would have revolutionized our 
understanding of global threats to biodiversity. I will examine the extent to which this is true, 
identify major data gaps for understanding threats to biodiversity, and suggest mechanisms for 
closing them. These recommendations include innovative partnerships with data providers of 
all kinds, ensuring relevant data sources are openly available and accessible, and a considerable 
investment of funding into scalable data gathering initiatives. 
 

   
10.15     Citizen science meets satellite remote sensing: opportunities for biodiversity 
   Doreen Boyd, University of Nottingham, UK 
 

Knowing land cover is integral to biodiversity studies. Knowing land cover at the spatial and 
temporal resolutions required and at the accuracies required can be a challenge. However, 
satellite remote sensing is a powerful approach to land cover mapping, affording the selection 
of the appropriate classes of interest and resolution of mapping. The most common approach 
to land cover mapping from satellite data is via a supervised classification. This requires data 
from the “field” which may be a challenge to come by. This talk will highlight how citizen 
science providing Volunteered Geographic Information (VGI) can assist to overcome this 
challenge. A number of examples of successes will be presented, as well as some issues that 
require further investigation. The growth in VGI has been a function of technological advances, 
and in particular, the growth of the bidirectional web (Web 2.0). Simultaneously the availability 
of satellite data has increased. This presents an opportunity for a symbiotic relationship 
between these two types of data that, if used appropriately, would be of immense benefit to 
biodiversity and conservation.      

 
   
10.45  POSTER SESSION (TEA/COFFEE)  
 
_____________________________________________________________________________________ 
SESSION 2: From theory to applications: satellite remote sensing in the real world 
   Chair: Duccio Rocchini, Fondazione Edmund Mach, Italy 
_____________________________________________________________________________________ 
 
11.15  Moving remote sensing towards application 
  Martin Wegmann, University of Würzburg, Germany  
 

Biodiversity analysis and conservation decision relies on adequate and meaningful data that are 
available on a long-term and global basis.  Such environmental information need adequate 
spatial and temporal resolution and remote sensing data does provide a wide range of 
potentially suitable data sets. Various groups use remote sensing data but a biodiversity and 
conservation focus to improve the availability, acquisition, coordination and delivery of 



relevant information can still be improved. This is especially important since the use of remote 
sensing has increased widely over the past decades, and therefore a better interdisciplinary 
collaboration will foster the utilization of remote sensing in conservation. One approach to 
improve the understanding of needed parameters for biodiversity monitoring is through 
Essential Biodiversity variables (EBVs), which provide guidance to observation systems as to 
what and how to measure key aspects of biodiversity. The EBV concept was further developed 
to suit remote sensing specific needs and a first set of remote sensing EBVs (RS- EBVs) have 
been developed. Here we present multi-scale, multi-sensor and multi-temporal remote sensing 
data analysis which do provide needed and crucial information for ecological analysis. 
Especially within conservation applications, species distribution analysis or animal movement 
analysis, the spatial and temporal context of the environment is highly important and can be 
derived through dedicated measures.  
 
We outline the activities aiming to improve remote sensing usage in conservation, as well as its 
application. 

 
 
11.45   Mapping and monitoring High Nature Value farmland in the UK using satellite data 
  Emma Tebbs, King's College London, UK 
 

Satellite data is a valuable tool for mapping and monitoring biodiversity, but many global scale 
products have coarse spatial resolution. Hence, there is a need for high spatial resolution 
national-scale products which can provide information at the level of individual land parcels or 
farming units. This study used remotely-sensed datasets and ground-based measurements to 
develop a set of indicators for mapping and monitoring farmland with high biodiversity value in 
the UK. These indicators included: (i) habitat diversity metrics derived from the UK Land Cover 
Map; (ii) a high-resolution (5 x 5 m) woody cover product, produced using airborne radar data 
and Landsat 8 imagery; and (iii) a vegetation productivity map for assessing habitat condition, 
which uses Landsat 8 NDVI imagery to extrapolate ground-based productivity measurements. 
The development of these indicators will be described and initial results for Wales will be 
presented. The strengths and limitations will be discussed and a framework for scaling up this 
approach for the whole of the UK will be presented. 
 
Co-authors: Clare Rowland, Lindsay Maskell, Simon Smart, Susan Jarvis and Adam Kimberley 

 
 
12.15  New ways of looking at old forests: detecting ecosystem change using  
  3D measurements and models 
  Mathias Disney, University College London, UK 

 
Our ability to measure and monitor the state and function of forests across the globe has 
undergone dramatic change over the past 30 years, in part due to the wide availability of 
satellite observations at local to regional scales. This has been driven in part by technological 
developments, but also a need to understand how forests are changing in response to climate, 
and also more directly to anthropogenic intervention. This is of particular importance in the 
most remote and/or vulnerable forests, across the tropics, in heavily-exploited parts of the 
world, and the northern boreal regions. I will discuss how new observations, both from 
satellite, but also from the ground, are changing the way we view forest structure and function, 
and in particular, their sensitivity to change. I will provide examples of how new 3D 



measurements of tropical forests made using laser scanning can provide unique estimates of 
tree size and shape, forest biomass and other properties that are very hard to measure in other 
ways. I will show how these measurements are changing the way we can view and assess forest 
structure, allow us to address key uncertainties in our understanding of forest carbon stocks, 
and exploit new satellite observations of forests which will become available in the near future. 

 
 
12.45   LUNCH 
 
_____________________________________________________________________________________ 
SESSION 3: Unveiling what the future holds for satellite remote sensing and biodiversity monitoring 
  Chair: Doreen Boyd, University of Nottingham, UK 
_____________________________________________________________________________________ 
 
14.00   Introducing the concept of satellite remote sensing Essential Biodiversity Variables 
  Nathalie Pettorelli, Zoological Society of London, UK 
 

Although satellite-based variables have for long been expected to be key components to a 
unified and global biodiversity monitoring strategy, a definitive and agreed list of these 
variables still remains elusive. The growth of interest in biodiversity variables observable from 
space has been partly underpinned by the development of the essential biodiversity variable 
(EBV) framework by the Group on Earth Observations – Biodiversity Observation Network, 
which itself was guided by the process of identifying essential climate variables. This 
contribution will introduce a set of principles that are believed to be necessary if ecologists and 
space agencies are to agree on a list of EBVs that can be routinely monitored from space. 
Progress toward the identification of such a list will require a clear understanding of what 
makes a biodiversity variable essential, as well as agreement on who the users of these 
variables are. Technological and algorithmic developments are rapidly expanding the set of 
opportunities for satellite remote sensing in monitoring biodiversity, and so the list of EBVs 
that can be monitored from space is likely to evolve over time. This means that a clear and 
common platform for data providers, ecologists, environmental managers, policy makers and 
remote sensing experts to interact and share ideas needs to be identified to support long-term 
coordinated actions. Ultimately, EBVs represent only one of the frameworks put forward for 
prioritizing monitoring needs in the face of biodiversity loss. Identifying priorities for global 
product development based on satellite remote sensing data and relevant to biodiversity 
conservation is urgently needed for the potential of SRS information to support conservation to 
be reached, and this discussion requires all segments of the relevant scientific community to be 
consulted and engaged. 

 
 
14.30   Biodiversity from space: pitfalls in measuring community diversity from outside  
  the Earth  
   Duccio Rocchini, Fondazione Edmund Mach, Italy 
 
 Field based biodiversity monitoring presents a number of issues, mainly related to time and cost 

efficiency, beside the difficulty to guarantee a robust sampling design.  In this view, remote 
sensing represents a powerful approach to predict species richness (alpha-diversity) and species 
community turnover (beta-diversity). In fact, it is expected that a higher spatial and ecological 
variability is related to a higher number of available niches, thus leading to a direct connection 



between remotely sensed heterogeneity and species diversity. Measuring ecological variability 
from remotely sensed images over space and time becomes crucial to gather effective indicators 
of biodiversity from space. However, the devil is in the detail. Once using remote sensing to 
predict biodiversity at different spatial scales and in different habitat types, pitfalls might arise.  

 
 The aim of this talk is to ascertain potentials and pitfalls of monitoring alpha- and beta-diversity 

from space. 
 
 
15.00  Satellite remote sensing and the IUCN Red List of Ecosystems  

Emily Nicholson, Deakin University, Australia  
 

The current suite of global conservation goals and targets demand a method for monitoring the 
changing state of ecosystems. Recent advances in risk assessment protocols for ecosystems are 
a promising solution for this gap. One such protocol is the IUCN Red List of Ecosystems, 
adopted by the IUCN as the global standard in 2014, with the ambitious aim of assessing all the 
world’s ecosystems by 2025. Ecosystem risk assessments synthesize a wide range of data types 
and sources from remote sensing, long-term environmental monitoring and ecosystem models 
to understand the likelihood of ecosystem collapse. Given the patchiness (both spatially and 
temporally) of field-data, satellite remote sensing data can play a critical role in the definition 
of ecosystem types, evaluating their distribution and change in distribution, and in assessing 
degradation and change in ecological function. In this talk we outline the role of remote 
sensing data in ecosystem risk assessment, focussing on the IUCN Red List of Ecosystems. We 
present recent examples where remote sensing data have informed assessments, and future 
directions and opportunities. Given the paucity of indicators for assessing progress against 
conservation targets at the ecosystem level, global expansion of ecosystem risk assessments 
such as the IUCN Red List of Ecosystems will enhance our capacity to measure and address the 
current trajectory of biodiversity globally. 
 
Co-authors: Nick Murray (University of New South Wales, Australia), Lucie Bland (University of 
Melbourne, Australia), JP Rodriguez (IUCN, IVIC & Provita, Venezuela) and David Keith 
(University of New South Wales, Australia) 

 
 
15.30   Ocean remote sensing for modelling and monitoring marine autotrophic biodiversity 
  Shovonlal Roy, University of Reading, UK 
 

The microscopic autotrophs in the upper ocean are responsible for almost half of the annual 
global carbon fixation, and are the basis of marine food webs. However, an accurate estimation 
of the biomass stocks and biodiversity of these species on a global scale is a non-trivial task. 
This presentation will deal with some recent developments towards this direction. It will 
include some recently developed methods and models to use ocean colour remote sensing for 
understanding and monitoring the size-based community structure of marine autotrophic 
phytoplankton. It will also deal with certain approaches for minimizing the uncertainties in 
remote-sensing based estimates, particularly, for phytoplankton community structure. These 
approaches will provide independent estimates of biomass and biodiversity of marine 
autotrophs from space using remote sensing, which are potentially important for 
understanding and monitoring the dynamics and diversity of marine ecosystems. 

 



 
16.00   POSTER SESSION (TEA/COFFEE) 
 
 
16.30   Scientific writing workshop 
  Editorial board of the journal Remote Sensing in Ecology and Conservation 
 
 
17.30   Cash bar and poster prize 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SPEAKER BIOGRAPHIES 

 
Doreen Boyd, University of Nottingham, UK 
Doreen Boyd is Associate Professor and Reader in the School of Geography, University of Nottingham, 
and has a 15 year (fte) track record in remote sensing of spatiotemporal data and their analyses. Her 
work has contributed to major research initiatives and programmes across the globe and research 
endeavours within government agencies and related industry. Currently, Doreen serves as a Steering 
Committee Member on the airborne facilities provision of two research councils (NERC and European 
Union) and is a Co-I on the £3.4M Leverhulme Research Programme Grant “Sustaining Urban Habitats: 
An Interdisciplinary Approach”.  She is also associate editor of the Journal of Maps and the newly 
launched journal Remote Sensing in Ecology and Conservation.   

 
 
Mathias Disney, University College London, UK 
Mat Disney is a Reader in Remote Sensing in the Geography Department at UCL. He has a BSc in 
physics, a Masters and PhD in Remote Sensing, the latter using 3D models of crop and tree canopies 
to monitoring state and change of the land surface. His research focuses on measuring and modelling 
terrestrial vegetation, particularly forests, using satellites, UAVs, and ground-based instruments, as 
well as new modelling tools. He has worked in a wide range of environments from borea and 
temperate forests, savannah, and woodlands tropical forests, and sugar beet fields in Norfolk. 
 
 
Gary Geller, Group on Earth Observations, & GEO BON, Switzerland 
Gary is Senior Expert for Biodiversity and Ecosystems with the secretariat of the Group on Earth 
Observations, based in Geneva, Switzerland; he is seconded there by NASA. Prior to that he was with the 
NASA Ecological Forecasting Program, working with projects funded by the Program, though focusing on 
the GEO Biodiversity Observation Network (GEO BON), where he is now on the Management 
Committee. (GEO BON is a global effort to coordinate and enhance biodiversity observation systems, and 
is the biodiversity arm of GEO.) At NASA he also conceptualized the Model Web, to increase access to 
and interoperability of models and their outputs, as well as TerraLook, a service that makes new and 
historical images of Earth available and accessible to users not familiar with remote sensing. Prior to 
working in the Ecological Forecasting program he was part of the ASTER instrument Science Team, His 
PhD is in biology and ecology with a focus on plant architecture and its consequences on temperature, 
light, and carbon uptake. 
 
 
 

Lucas Joppa, Microsoft Research, USA  

Lucas Joppa is a scientist at Microsoft Research, where he leads a science, policy, and tools and 
technology research program with a focus on conserving ecological systems. Lucas is an ecologist by 
background, with a PhD from Duke University, and has broad research interests in predictive 
environmental modeling, model-driven data collection, and using technology to monitor environmental 
processes. Lucas facilitates Microsoft’s partnership with the IUCN Red List and in 2013 he received the 
Society for Conservation Biology’s ‘Early Career’ Award for work combining technology innovation and 
biodiversity conservation. Lucas is an honorary fellow at both the University of Kent’s Durrell Institute of 
Conservation and Ecology and the Zoological Society of London, and serves in various advisory roles to 
international environmental organizations. 
 
 
 
 



Emily Nicholson, Deakin University, Australia 
Emily Nicholson is a Senior Lecturer at Deakin University, Melbourne, Australia, in the School of Life and 
Environmental Sciences and the Centre for Integrative Ecology. Her research focuses on solving critical 
conservation problems, such as how to balance development and nature conservation, and how to 
measure change in biodiversity. Nicholson completed her PhD at the University of Queensland in 2006, 
and worked as a postdoctoral researcher at Princeton University, and at Imperial College London where 
she held a Marie Curie Fellowship, and the University of Melbourne with a Centenary Research 
Fellowship. In February 2015 she took up her current position at Deakin. In 2015 she was awarded an 
Inspiring Women Fellowship by the Victorian Government, and was part of the team awarded the 
Eureka Prize for Environmental Research for work on the IUCN Red List of Ecosystems. Find out more on 
her website: https://emilynicholson.wordpress.com/   
 
 
Nathalie Pettorelli, Zoological Society of London, UK 
Nathalie Pettorelli is a Research fellow based at the Institute of Zoology, ZSL. There, she heads the 
Environmental Monitoring and Conservation Modelling (EMCM) team, which is interested in developing 
tools and methodologies supporting the sustainable management of natural resources. Her own 
research is about assessing and predicting the impacts of global environmental change on biodiversity 
and ecosystem services, with a particular focus on climate change.  
 
 
Duccio Rocchini, Fondazione Edmund Mach, Italy 
Duccio Rocchini is a permanent research at Fondazione Edmund Mach, a joint research centre between 
including the University of Trento, Italy.  He is devoted to the estimate of spatial distribution of 
biodiversity from space. He is currently senior editor of Remote Sensing in Ecology and Conservation 
and associate editor of several journals in the field. 
http://gis.cri.fmach.it/rocchini 
 
 
Shovonlal Roy, University of Reading, UK  
Shovonlal Roy is a Lecturer in Remote Sensing in Ecosystem Sciences, at the Department of Geography 
and Environmental Science & Agriculture, Policy and Development, University of Reading. He did a PhD 
in Mathematical Biology from the Indian Statistical Institute. He was a researcher at the International 
Institute of Applied Systems Analysis, Austria; the University of Manchester; the Bedford Institute of 
Oceanography, Canada; the University of Oxford, and the Plymouth Marine Laboratory, UK. He received 
a Royal Society Newton International Fellowship, a Royal Society International Incoming Fellowship, and 
a Visiting Fellowship from the Natural Sciences and Engineering Research Council of Canada. 
 
 
Emma Tebbs, King's College London, UK 
Emma Tebbs is a Lecturer in Earth Observation at King’s College London. She is heavily involved in 
establishing the new Earth Observation and Environmental Sensing research hub at King’s. Her research 
focuses on the application of Earth Observation for tackling issues of biodiversity conservation and 
sustainable development. During her PhD at the University of Leicester, Emma used remote sensing to 
study the role of East African Rift lakes in supporting Lesser Flamingos. Following this, Emma worked as 
a Research Associate at the Centre for Ecology and Hydrology, where she developed satellite-based 
biodiversity indicators for the UK.  
 
 

https://emilynicholson.wordpress.com/
http://gis.cri.fmach.it/rocchini


Martin Wegmann, University of Würzburg, Germany 
Martin Wegmann works on remote sensing data analysis for biodiversity and conservation application at 
the University of Würzburg. He gives lectures on applied remote sensing in Würzburg and Bayreuth as 
well as dedicated summer schools such as AniMove.org or EcoSens.org. He has more than 10 years of 
experiences in working with spatial data for ecological applications using OpenSource software. He is 
the point of contact for Biodiversity application within CEOS and member of GEO BON. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 



POSTER PRESENTATIONS 
 

1. Predicting herbivore densities using remote sensing and citizen science 
Andrew M Allen, Swedish University of Agricultural Sciences 
 

The exploitation ecosystems hypothesis (EEH) predicts that herbivore densities are resource-limited in 
unproductive ecosystems, but controlled by predation in productive ecosystems. Ecosystems without 
carnivores, and all predation is by human hunters, offer a unique ‘natural experiment’ to test the EEH, 
which was our goal. We combined 192 moose (Alces alces) aerial surveys from Sweden with 
productivity (i.e., dynamic habitat indices, DHIs from MODIS data), land-use, harvest and observation 
data (collected through citizen science), providing a novel approach to estimate population 
abundance of a harvested species. Our results provided additional support to the EEH. Herbivore 
densities increased with increasing productivity, and predation (i.e. human hunters) appeared to be 
important for maintaining herbivore densities at somewhat constant levels. Our approach was quite 
successful in predicting herbivore densities, which closely resemble current population estimates and 
country-wide harvesting quotas. Remote sensing data, like productivity (DHIs) and land-use, may be 
an important management tool for predicting herbivore densities in hunter-controlled ecosystems. 
 
Co-authors:  
Martina L Hobi, Volker C Radeloff, Jonas Kindberg, Kjell Wallin, Göran Ericsson and Navinder J Singh 
 
 

2. Measuring penguin colony reflectance: Adélies and chinstraps at Signy, Antarctica 
Jennifer Brown, British Antarctic Survey 

 
Four penguin species breed on the Antarctic continent: emperors, Adélies, chinstraps and gentoos. 
These are important Antarctic upper trophic level predators and under predicted climate change are 
believed threatened. The inaccessibility and size of many colonies makes ground based monitoring 
difficult with remote sensing providing an alternative, relatively low cost, monitoring method. 
Advancing current penguin monitoring methods will help improve estimates of population trajectories 
at a regional scale. Recent and future progress in remote sensing, with new satellite sensors and 
platforms, offers an increased potential for accurate, consistent large scale data collection. This will 
enable us to address previously untested hypotheses on penguin population change.  
 
This research focuses on difficult to monitor brush-tailed penguins (Adélies, chinstraps and gentoos), 
aiming to develop new techniques and algorithms to improve their monitoring. Penguin detection in 
satellite imagery is based on the red/brown guano (poo) stains that colonies create. When adults 
arrive at the breeding site they produce a light pink guano stain. The guano stain changes to a more 
reddish hue when the chicks hatch, and continues to get darker with increased guano deposition. 
After the birds leave the site it weathers and degrades back to a more brownish colour. Fieldwork 
undertaken in Signy, Antarctica (November 2014 - January 2015) using a field spectroradiometer 
obtained significant reflectance spectra of Adélie and chinstrap guano. The fieldwork investigates 
guano colour change, addressing development over time and differences between species. This work 
aims to improve penguin species detection from satellite imagery. 
 
Co-authors: W G Rees, P Trathan and P Fretwell 
 
 



3. A program for monitoring ecosystem functioning in the Spanish National Park Network based 
on remote sensing variables 
Javier Cabello, University of Almería 

 
Addressing global change effects in conservation of biodiversity and ecosystem functions and services 
requires innovative approaches to ecosystem monitoring. The incorporation of functional attributes of 
biodiversity into monitoring programs complements the approaches based on ecosystem structure 
and composition. Ecosystem functioning attributes have the advantages of showing a quicker 
response to environmental changes, being directly connected to ecosystem services, and being 
quantifiable through remote sensing tools. Here we present a monitoring system to guide the 
evaluation of the conservation status of the Spanish National Parks Network. The system is based on 
the analysis of time-series of MODIS-Terra satellite images. Currently, it is focused on spectral 
vegetation indices (VI) as proxies of the temporal dynamics of carbon gains, since primary production 
is the most integrative descriptor of ecosystem functioning. So far, the achieved conceptual and 
methodological advances include the characterization of reference conditions, inter-annual 
variabilities, and the detection of temporal anomalies and long-term trends of multiple VI-derived 
descriptors of ecosystem functioning related to productivity, seasonality and phenology of carbon 
gains. The implementation of this monitoring program aims to inform decision makers and park 
managers about the ecosystem health and conservation status of each National Park. The system is 
conceived to incorporate further functional attributes such as surface temperature, albedo, 
evapotranspiration, or soil moisture. 
 
Co-authors:  
Domingo Alcaraz-Segura (University of Almería and University of Granada); Andrés Reyes (University 
of Almería); Patricia Lourenço (University of Almería), Jorge Bonache (Organismo Autónomo de 
Parques Nacionales, Spain); Pablo Castillo (Organismo Autónomo de Parques Nacionales, Spain); 
Santiago Valencia (Indra Sistemas S.A.); Jorge Naya (Indra Sistemas S.A.); Lucía Ramírez (Organismo 
Autónomo de Parques Nacionales, Spain); and Jesús Serrada (Organismo Autónomo de Parques 
Nacionales, Spain) 
 
 

4. From remote sensing to avian behaviour: changes in colony site selection strategies of herons 
and egrets over time 
Luis Carrasco, Centre for Ecology and Hydrology 

 
Combining animal distribution data with land-cover maps of medium-high resolution can be a useful 
tool for explaining how species choose their habitats and how their distribution changes over time.  
 
Herons and egrets of eastern Japan form colonies during breeding seasons. Available sites for 
establishing colonies are abundant. However, most sites remain unoccupied; only a portion of them is 
used for colony sites, and some are used repeatedly for decades. A better understanding of factors 
that influence colony site selection is fundamental to explain changes in distribution or population 
trends of these species. 
 
We used Landsat satellite images together with a ground-survey-based map to create land-cover 
maps for past years and to determine the land cover surrounding the herons and egrets colonies. 
Combining the estimated colony site fidelity with the land-cover data, we created habitat selection 
predictive models using a random forests algorithm. We analyzed the changes in the importance of 
the land-cover preferences and colony site fidelity over the years. We observed high levels of colony 



site fidelity every year of the study, and its relative importance as a predictor for explaining colony 
distribution, relative to habitat preferences, increased drastically in the last five years. 
 
Using habitat selection models derived from land-cover and distribution data can be a powerful tool 
to study avian behaviour, when direct observation is difficult. The availability of historical remote 
sensing data, when combined with long-term monitoring data is becoming fundamental to study 
recent species responses to landscape and climate changes. 
 
Co-authors: Miyuki Mashiko, Yukihiko Toquenaga 
 
 

5. Habitat impacts of HEP projects in the Mekong from Landsat imagery 
Kristofer Chan, Kings College London 

 
More than 140 dams are planned for construction in the Greater Mekong, the second-most biodiverse 
river system globally where 80% of the inhabitants are directly dependent upon the ecosystem 
services provided by the river. Despite the significance, environmental knowledge in the region 
remains critically understudied, with only a small fraction of ecological literature related to tropical 
Asia (Dudgeon 2003). The dearth of ecological data presents significant obstacles for appropriate 
environmental decision making, particularly concerning hydroelectric dams – due to their potential to 
disrupt the hydrological system and the preference of hydropower as the future “green” energy 
source for the region. 
 
The poster presents results of my PhD research investigating the environmental impacts of the Nam 
Theun 2 hydroelectric project in Laos; an iconic case study for the region due to its status as the latest 
large hydropower scheme (1070MW), the last project is the region funded by the World Bank, and it’s 
advertisement as undergoing the most rigorous environmental and social safeguards ever applied to a 
dam project in the region. Utilising time-series Landsat imagery, the research analyses environmental 
change following the dam through manipulation of the multi-spectral imagery to provide proxies of 
environmental characteristics including “tasseled cap” indices, vegetation proxies, and water indices. 
The research additionally explores the ability of combining satellite imagery analysis with interview 
data to corroborate the data and explore causal linkages with the dam. Through this unique multi-
methodological approach, a range of indirect and “enigmatic” impacts of dams are uncovered. 
 
 

6. How to quantify global ecological resilience 
Robert Cooke, University of Southampton 

 
Accelerating rates of global change and the increasing loss of biodiversity threaten the continued 
existence of entire ecosystems and the functions they provide (Ceballos et al., 2015; Oliver et al., 
2015). To meet this challenge, research has increasingly focused on how management can support 
ecological resilience (Carpenter et al., 2001; Diaz et al., 2006), or the capacity of an ecosystem to 
maintain function and structure in the face of disturbance (Holling, 1973; Kerkhoff & Enquist, 2007). 
 
However ecosystems are remarkably dynamic, variable and complex, and the formulation of a 
general, operational theory of resilience, or even the delineation of common means of measuring it 
across systems, has proved difficult (Holling & Allen, 2002; Allen et al., 2005; Oliver et al., 2015). 
 



We have developed a generalised resilience framework to unify this currently disparate and 
expanding field and clarify the expansive terminology used across the literature. We achieve this by 
distilling and refining the components of resilience into a parsimonious construct of two inputs: 
integrity (the initial state of the system) and exposure (the magnitude, frequency and structure of 
disturbance that the system is subject to). Our framework is general in that it is applicable to 
terrestrial, freshwater and marine systems, and operational in that it can be implemented using 
currently available datasets.   
 
Co-authors: Bates, A and Eigenbrod, F 
 
 

7. Combining ecotope segmentation and remote sensing data for biotope and species  
distribution modelling 
William Coos and Jessica Delangre, Université de Liège  

 
The design of appropriate biodiversity conservation actions requires an extensive knowledge of 
biotope and species distributions. Biodiversity monitoring is often a time-consuming task; however, it 
can be optimised by biotope and species distribution models. In the Lifewatch project, a database 
combining segmentation in homogeneous landscape units (“ecotopes”) and environmental attributes 
derived from regularly updated remote sensing data (land cover, topography, potential solar 
energy,…) and other data sources (climate and edaphic factors) has been designed. Our aim was to 
assess the usefulness of this database for biotope and species distribution modelling. As a case study, 
the distributions of a peatbogs (actual and potential) and of a peatbog specialist butterfly (the 
cranberry fritillary Boloria aquilonaris (Stichel, 1908)) were independently modelled, using the 
Random Forest algorithm. The agreement between the biotope and species distribution models was 
assessed. Our map of predictions was compared to a model derived from a more classical grid-based 
approach. We observed that ecotope segmentation fitted more closely objective limits on the field, 
thereby improving the efficiency of biodiversity monitoring. The comparison between actual and 
potential biotopes allowed us to identify potential restoration areas. 
 
Co-authors:  
Julien Radoux (Université Catholique de Louvain-la-Neuve) and Marc Dufrêne (Université de Liège) 
 
 

8. Distribution and protection of intertidal habitats in Australia 
Kiran L Dhanjal-Adams, Centre for Ecology and Hydrology 

 
Intertidal habitats supply a wide range of ecosystem services including fisheries, recreation and storm 
protection, in addition to providing vital breeding, nursery and feeding habitat for many species. 
However, these habitats remain difficult to map at a fine scale due to regular inundation from the sea. 
Here, we provide the first national map of intertidal habitats for Australia at a 30m resolution, with 
the aim of identifying their conservation status. Indeed, using Landsat imagery we estimate a 
minimum intertidal area of 9856 km2, of which 39% are protected. Of these protected intertidal 
habitats, some primarily occur within marine protected areas (e.g. Queensland), with others primarily 
occurring within terrestrial protected areas (e.g. Victoria). Three percent of all intertidal habitats were 
protected both by marine and terrestrial protected areas, with neither agency taking full responsibility 
for management. Between land and sea, intertidal habitats are often forgotten in the planning 
process. Protected area boundaries must align more accurately with intertidal habitats if we are to 
achieve conservation targets. 



 
Co-authors: 
Jeffrey O Hanson, Nicholas J Murray, Stuart R Phinn, Vladimir R Wingate, Karen Mustin, Jasmine R Lee, 
James R Allan, Jessica L Cappadonna, Colin E Studds, Robert S Clemens, Chris M Roelfsema and 
Richard A Fuller 
 
 

9. Remote sensing of Arctic tundra vegetation communities along a latitudinal gradient in 
Alaska 
Scott Davidson, University of Sheffield and San Diego State University 

 
The Arctic tundra covers a substantial area of the Earth’s surface and is warming at nearly twice the 
global average. To understand the impacts of warming on the function of Arctic tundra ecosystems in 
the global carbon cycle, it is crucial to develop a good understanding of vegetation distribution at 
multiple scales. While broad-scale distribution of Arctic vegetation is well characterised, maps at fine 
scales needed to interpret eddy co-variance and inform ecosystem models of these heterogeneous 
landscapes is lacking. Here, we test an approach combining field spectral measurements, detailed 
vegetation surveys and remote sensing data gathered at 3 field sites representing a 300km latitudinal 
gradient in northern Alaska.  
 
We used a combination of Principal Components Analysis and Linear Discriminant Analysis using (i) 
raw reflectance data from the field spectrometer, (ii) field spectrometer data rescaled to 7 bands of 
the WorldView2 sensor, and (iii) WorldView2 data to separate vegetation communities. We showed 
separability primarily in the 450-510nm (blue), 630-690nm (red) and 705-745nm (red edge) regions of 
the spectrum in the field spectrometer data. Both raw and rescaled field data had high classification 
accuracies. WorldView2 data produced the lowest separability among tundra vegetation 
communities. These results suggest that tundra vegetation communities are separable from a spectral 
perspective. However, there are limitations to scaling up and mapping these communities because of 
the requirement for very high spatial resolution of remote sensing data. This study highlights the 
benefit of using fine-scale field spectroscopy measurements over coarse, broad-scale data for tundra 
vegetation classification. 
 
Co-authors: 
M J Santos (Copernicus Institute for Sustainable Development); V L Sloan (San Diego State University); 
J Watts (University of Montana); G K Phoenix (University of Sheffield); W C Oechel (San Diego State 
University) and D Zona (University of Sheffield and San Diego State University) 
 
 

10.  Assessing the ecological constraints on mangrove forest resilience to sea level rise globally 
 Clare Duncan, Institute of Zoology, ZSL 

 
Mangroves are highly important ecosystems, providing habitat and resources for biodiversity and a 
plethora of ecosystem services benefits to humanity. At a global scale they play a vital role in climate 
regulation as some of the most carbon-rich forests in the tropics, and locally afford coastal protection 
from extreme weather events such as hurricanes and tidal surges, and food and timber resources. 
However, due to the effects of multiple interacting global threats of land-use (particularly for 
aquaculture) and climate change, mangroves are now one of the world’s most threatened biomes. 
Mangrove forests are highly sensitive to environmental and ecological changes. The future outlook for 
mangroves is thus severely compromised by climate change, and particularly by sea level rise (SLR). 



Mangroves can exhibit resilience to SLR through expansion at their inland fringes. However, the strong 
influence of hydrology and inundation on mangrove ecology and zonation means that inland 
expansion is only possible if appropriate sloping conditions exist. Applications of remote sensing 
analyses to these largely remote areas have enabled the mapping of both mangrove coastline retreat 
and inland expansion under SLR. However, tropics-wide coverage of studies is limited, restricting our 
understanding of potential generalities in the contextual and ecological requirements promoting 
resilience to SLR, and hindering the direction of management priorities for land-use planning. This 
work aims to fill this knowledge gap, utilising moderate resolution radar and multispectral satellite 
data (ALOS PALSAR, Landsat 5 TM and ASTER) across 12 mangrove sites currently affected by SLR to 
explore conditions (elevational and climatic) under which mangrove inland expansion is promoted. 
This poster discusses the methodologies that will be employed in this study, and presents some 
preliminary findings from one study site in the Ruvuma Estuary Marine Park on the border of Tanzania 
and Mozambique. 
 
Co-authors:  
Jurgenne H. Primavera, Heather J. Koldewey, Julian R. Thompson and Nathalie Pettorelli 
 
 

11. Biodiversity co-benefits of natural ‘green’ water storage infrastructure upstream of  
global cities 
Kelly Gunnell, King’s College London 

 
Cities depend on their surrounding rural ecosystems for a variety of ecosystem services. In particular, 
natural “green” and “brown” infrastructure plays a crucial role in the storage and slow release of 
water, providing flood mitigation services to downstream areas and helping supply clean, reliable 
water supplies. Our study used modelling tools based on remote sensing products (WaterWorld and 
Co$ting Nature, www.policysupport.org) in an ecosystem services (ES) approach, to map and model 
the water storage associated with natural ‘green infrastructure’ upstream of cities. This information 
can be used to determine the provision of flood risk buffering and mitigation services to cities across 
the world. In addition, we used Co$ting Nature to examine the biodiversity and ecosystem service co-
benefits of protecting the most significant flood water stores upstream of a range of cities. One of our 
findings is that often little green infrastructure is protected and is thus vulnerable to habitat 
modification affecting both flood storage and biodiversity/ES co-benefits. Ultimately such information 
is needed by urban planners, city authorities and governments to prepare cities for dealing with urban 
growth and development and future climate impacts (so-called ecosystem-based adaptation). 
 
Co-author: Dr Mark Mulligan (King’s College London) 
 
 

12. Remote sensing for monitoring grasslands’ conservation status 
Stien Heremans, Flemish Institute for Nature and Forest Research, Belgium 

 
Grasslands are vital elements of the European landscape. Extensively managed, semi-natural 
grasslands are among the most diverse ecosystems in Europe and are crucial in maintaining 
landscape-scale habitat and species diversity. However, many grassland habitats are currently 
experiencing a decrease in conservation status, mainly due to nitrogen pollution from agriculture and 
traffic. 
 



Conservation status is defined here as “the sum of the influences acting on a natural habitat and its 
typical species that may affect its long-term survival natural distribution, structure and functions, as 
well as the long-term survival of its specific species within the territory.”  
The main objective of this research will be to assess the potential of a remote sensing-based 
processing chain for assessing the conservation status of grasslands. Examples of conservation status 
indicators are ‘presence of small ditches’ and ‘grass and shrub encroachment’.  
We will use diverse sources of input data (hyperspectral and LiDAR) to analyze the scientific potential 
of remote sensing for extracting grassland status indicators and to study the impact of spectral and 
spatial resolution. Finally, we will run our application on freely available images (Sentinel 2, ASTER, 
Landsat 8, aerial images) to assess the discrepancy between its scientific potential and its current 
operational status. This will allow us to formulate recommendations on the type of (satellite) sensors 
that need to be deployed to asses grassland conservation status with remote sensing. 
 
Co-author: Jennifer Roelens (University of Leuven, Belgium) 
 
 

13. Assessing the vulnerability of mangrove forests in Mozmabique to sea-level rise and  
storm damage 
Calvin Lee, Institute of Zoology, ZSL 

 
Anthropogenic climate change is becoming increasingly recognised as a major threat to global 
biodiversity, affecting a huge range of species and ecosystems. Coastal regions, such as coral reefs, 
salt marshes, and mangroves are particularly vulnerable to effects of climate change due to their 
unique locations. Mangroves are essential ecosystems, provide services such as fisheries and storm 
protection, and supporting the livelihoods of many coastal communities, as well as acting as an 
important location for carbon storage. Here, we adapt a vulnerability assessment framework into an 
ecosystem-level perspective to assess the relative vulnerability of mangroves in Mozambique. The 
relative vulnerability of these mangroves to sea-level rise and storm damage, both hazards associated 
with climate change, is investigated and mapped. Analysis is done by combining satellite imagery from 
different sources to map the current extent of mangrove forests in the study area, and also to provide 
data for processes which may affect mangrove vulnerability. The results showed that mangrove 
forests covered 3612km¬2 in Mozambique, which is 24% larger than the previous estimate with the 
central regions of Zambezia and Sofala containing the largest mangrove cover. However, our results 
also show that mangroves within these areas also have the highest vulnerability to sea-level rise and 
storm damage. These results demonstrate the usage of remote sensing techniques to conduct 
vulnerability assessments based on the most recently available data, which can be used to inform new 
conservation decisions, as well as provide crucial data for adaptive management. 
 
Co-authors: Harry Owen, Clare Duncan, Nathalie Pettorelli 
 
 

14. Mapping beta diversity from space 
Pedro J Leitão, Humboldt University, Berlin 

 
With widely acknowledged biodiversity change and reduction, monitoring patterns and changes in 
biodiversity in a reproducible and systematic manner is of outmost importance. In particular mapping 
community composition turnover or beta diversity, linked with ecological complementarity and 
ecosystem functioning, is essential for ensuring well-informed management practices aimed at 
mitigation biodiversity declines. In this study we propose a methodological framework which 



optimizes the direct use of high-dimensional remote sensing data for mapping the spatial patterns of 
beta diversity. The sparse generalized dissimilarity modelling (SGDM) approach is based on the 
transformation and reduction of the spectral data constrained to correlate with the community data 
in a canonical transformation fashion. The resulting components are subsequently fitted to the 
community data in a generalized dissimilarity model (GDM). We tested the approach on a study area 
in southern Portugal along a shrub encroachment gradient, to model the respective bird community 
transitions. We fitted our models with two high-dimensional datasets: a time stack of Landsat data 
and a hyperspectral EnMAP-simulated image. The SGDM approach was capable of delivering 
reasonable maps of the observed community transitions and it always outperformed a classical GDM. 
We conclude that SGDM is suitable for use with high-dimensional remote sensing data for mapping 
and monitoring patterns of beta diversity across large areas. 
 
 

15. Measuring Rao's quadratic entropy from remote sensing, an open source solution 
Matteo Marcantonio, Fondazione Edmund Mach, Italy 

 
Measuring the heterogeneity of natural systems is critical in ecology. Indeed, the degree of 
heterogeneity of natural systems is related to diversity. Remote sensing allows the collection of a 
considerable amount of spatially explicit ecological data that need to be summarised. As a result, a 
wide set of heterogeneity indices have been developed and applied. Classic heterogeneity indices 
mostly rely on classified remotely sensed imageries, allow a single informative layer and do not 
necessarily consider the distance between the measured units, but only the proportion of their 
category. Rao's quadratic entropy (Q) is a diversity index widely used in functional ecology 
applications. Rao's Q integrates both the relative abundance of the measured units and the pairwise 
distance between them, and allows for the integration of a potentially infinite number of information 
layers. In this study, we applied Rao's Q to remotely sensed images, showing the differences with 
other common diversity indexes in ecology (I.e., Shannon H'). Moreover, we propose a simple 
method, formalized as an R function, to apply Rao's Q index to hyperdimensional remotely sensed 
datasets. We observed that Rao's Q discriminates complex patterns of heterogeneity when others 
indices saturate. We suggest that the routine application of Rao's Q to remote sensing data would 
expand the information usually retrieved by other heterogeneity indices. 
 
Co-authors: Carlo Ricotta, Duccio Rocchini 
 
 

16. Spatio-temporal land cover variability in the Kruger National Park, South Africa, with 
potential implications for conservation management  

            Christopher G Marston, Edge Hill University 
 
Land cover change monitoring is used widely for informing environmental management and 
conservation practices. In Kruger National Park (KNP), South Africa, changes to vegetation 
distributions such as the removal of large trees by elephants, and the recently hypothesized 
‘scrubbing-up’ of the Skukuza thickets are of particular interest, with implications for faunal 
distributions, park management and tourism.  Here, we present accurate and detailed information of 
land cover change in southern KNP from 2002 to 2015, using a combination of medium (Landsat) and 
high (Quickbird, WorldView-2 and IKONOS) spatial resolution imagery, coupled with intensive field 
survey data. We use multi-scale observation of the landscape to examine differences in vegetation 
canopy cover during this time period with a particular focus on savanna and woodland mosaic areas. 
We also compare land cover classifications derived from wet and dry season images to determine 



whether specific land cover classes are better discriminated at certain phases of the phenological 
cycle. This has implications for better informing the future timing of remote sensing surveys of this 
nature for ecological and land management applications. This analysis addresses three important 
questions – how has land cover in southern KNP changed over the last decade and can the 
hypothesised increased in scrub be observed?; to what degree does seasonality of image acquisition 
influence land cover change prediction?; and what thematic information and accuracy is lost when 
using medium rather than high resolution imagery for land cover mapping? 
 
Co-authors: Aplin, Paul (Edge Hill Univrsity);  O’Regan, Hannah J (University of Nottingham) and 
Wilkinson, David M (Liverpool John Moores University) 
 
 

17. Making Earth Observation Work for UK Biodiversity – Phase 2: Norfolk Pilot Project  
Elsa-Kristin Naumann, Environment Systems Ltd 

 
The project constitutes Phase 2 of a three part research project to establish the practical role EO can 
play in addressing habitat monitoring and surveillance needs in the UK. The research focused on 
mapping Annex 1 and priority habitats designated under UK Biodiversity Action Plan (BAP) and 
developing EO measures that inform on habitat condition. This work built on the Crick Framework 
developed during Phase1, a framework that groups habitats according to the Earth observation data 
required to accurately map them. 
 
The project showed that landscape-scale mapping identified semi-natural habitats within the arable 
matrix well, with availability of suitable imagery and knowledge of the landscape context being critical 
for successful mapping. Here, the Crick framework forms a good basis for decision making. 
Additionally, at a site scale, extent and condition of some priority habitats could be mapped, providing 
appropriate resolution, type, and seasonality of imagery. 
 
Co-authors: Dr Iain Cameron, Dr Katie Medcalf, Nicki Turton and Gemma Bell 
 
 

18. Land use preferences of African wild dogs in a human-dominated landscape in Kenya 
Helen O'Neill, Institute of Zoology, ZSL  

 
Habitat loss and fragmentation have been identified as among the greatest threats to the survival of 
many wildlife species across the world.  The global human population is growing at an unprecedented 
rate and the need to support and feed increasing numbers of people intensifies the pressure to 
convert remaining patches of natural habitats to allow more intensive human use.  This then leads to 
greater fragmentation and isolation of intact habitat patches.   
 
Whilst habitat fragmentation threatens many species, large carnivores are particularly vulnerable to 
its effects.  The African wild dog, Lycaon pictus, is one of the most wide-ranging of Africa’s large 
carnivores requiring large areas of contiguous habitat to persist; habitat loss and fragmentation is 
among the greatest threats to their long-term survival.   
 
Movement data have been collected from packs of African wild dogs within the Samburu-Laikipia 
landscape of northern Kenya.  This area supports a variety of land uses including traditional 
pastoralism, commercial livestock ranching, subsistence agriculture, large-scale farming, and 
ecotourism.  These data were used to investigate how wild dogs use the landscape in relation to the 



different land use types.  This matrix of different land uses is representative of much of the remaining 
resident wild dog range throughout Africa and so understanding how this population is able to survive 
in this landscape has widespread applicability. 
 
Co-authors: Sarah Durant and Rosie Woodroffe, ZSL 
 
 

19. An unimaginable problem: water in deserts 
            Harry Jon Foord Owen, Institute of Zoology, ZSL 
 
Deserts are among the most poorly understood biomes in the world, currently experiencing among 
the highest rates of environmental change and biodiversity loss. A major control on the ecology and 
distribution of vegetation and animal populations in these harsh arid systems is the abundance and 
distribution of water sources. Accordingly, extraction and redistribution of water at artificial water 
points across desert landscapes can constitute a real threat to local ecosystem dynamics. A major 
challenge to tackling this potential threat is identifying changes in the distribution of artificial water 
points through space and time, due to the difficulties of collecting such information at relevant spatial 
and temporal scales. We here investigate the potential for freely-available satellite imagery to provide 
reliable information about the distribution of artificial water points using the Ouadi Rime-Ouadi Achim 
Faunal Reserve (OROAFR), Chad, as a case study. We reveal that Landsat 8 data combined with 
texture analysis can accurately detect these artificial landmarks across the heterogeneous 
environment of OROAFR; 75.68% of artificial water points within the site were successfully identified 
and false positive detection rate was minimal at 7.69%. The methodological framework developed for 
this work, based on the treatment of freely-available satellite data using open source software, adds 
to other works attempting to help monitor threats to biodiversity in desert ecosystems, enabling up-
to-date information on the level of anthropogenic activities in these habitats to be easily and regularly 
collected. 
 
Co-authors: Clare Duncan and Nathalie Pettorelli, ZSL 
 
 

20. Application of hyperspectral remote sensing and radiative transfer model for monitoring 
optical functional traits of key species in a floodplain meadow 
Suvarna Punalekar, University of Reading 

 
The combined potential of sophisticated monitoring techniques such as hyperspectral remote sensing 
and radiative transfer models have not been widely tested for highly biodiverse floodplain meadow 
ecosystems. Variations in the Vegetation types in these meadows can be studied using hyperspectral 
data obtained for key species that are spectrally, structurally and functionally distinct and can be 
referred to as ‘optical functional types’. Three such species were studied over a typical MG4 meadow 
(Yarnton Mead near Oxford). These include a typical MG4 species Sanguisorba officinalis and two 
wetland representative species- Carex acuta and Juncus acutiflorus, which are steadily spreading over 
the meadow. The hyperspectral data, captured using field as well as airborne sensors, showed 
significant differences in the spectral reflectance of these species. Simulations with a radiative transfer 
model (PROSAIL), using measured biophysical parameters, allowed us to explain the observed spectral 
differences. These parameters were - Leaf Area Index (LAI), Leaf dry matter, leaf inclination angle, 
chlorophyll and water content. They are also important functional traits giving insight into the 
functional differences among these key species. A Look-UP Table (LUT) based inversion algorithm 
using spectral data was developed to retrieve these important functional traits. The algorithm was 



optimized using different cost functions, number of solutions and utilization of prior information. LAI 
was retrieved with 0.90 m2m-2 RMSE while other retrieved parameters were also sufficiently 
consistent with observations. The study illustrates the application potential of hyperspectral data and 
PROSAIL model for biodiversity monitoring of complex canopies at trait level.  
 
Co-authors:  
Anne Verhoef, Christiaan van der Tol, Benjamin Marchant, France Gerard, Irina Tatarenko and  
Kevin White 
 
 

21. Integrating Earth Observation and field data for biodiversity applications: three UK examples 
Luis Carrasco, Centre for Ecology and Hydrology  

 
Land cover underpins many EO-based biodiversity studies. In the UK, land cover mapping (LCM) is 
conducted at the Broad Habitat-level, with three EO-based maps available for 1990, 2000 and 2007. A 
2015 map is in production, with plans for future Sentinel-2 based maps and the aim of creating an 
LCM-family, including the recently released LCM+ crops. 
 
This poster describes UK Land cover mapping and then explores the importance of integrating Earth 
Observation data with field data, with three examples using the UK land cover map, specifically: 
- Phenological change in nectar availability 
- Soil invertebrates 
- aNPP for Wales 
Land cover information from LCM2007 is incorporated with field data from a large-scale field survey, 
such as the Countryside Survey (CS). CS is a stratified random sample of 591 1km x 1km squares across 
the UK, within which numerous field measurements are made.  The examples illustrate two methods 
of scaling up to produce national estimates: 
 
Method 1 – uses field data to determine average values for a land cover class and then uses a map to 
scale-up (standard CS/ecomaps approach). 
Method 2 –a vegetation index is calculated and then calibrated with field data to produce an estimate 
of the required variable, for example aboveground Net Primary productivity. 
 
Both methods have the potential to produce national-scale maps, with method 1 being homogeneous 
at the parcel-level, whilst method 2 is heterogeneous.  
 
The examples demonstrate the importance and potential of integrating EO and field data for 
biodiversity applications. 
 
Co-authors: Clare Rowland, Dan Morton and Emma Tebbs 
 
 
 

22. Moving beyond dots on maps: spatial modelling approaches at Amphibian and Reptile 
Conservation 
Thomas Starnes, Amphibian and Reptile Conservation 

 
This poster showcases the various uses of biological records and remote sensed data including simple 
coincidence mapping, habitat suitability modelling, habitat connectivity analysis and practical 



applications for conservation planning. Increased capacity in earth observation, computer processing 
power and analytical innovation mean that Geographic Information Systems are now about much 
more than plotting species locations on the map. A range of spatial analyses are explored in a UK 
herpetofauna conservation context. 
 
 

23. Remote sensing of environmental variables for national biodiversity indicator systems 
Matteo De Stefano, Norwegian Institute for Nature Research (NINA) 

 
Recently, Norway has developed and implemented two systems for describing and recording 
biodiversity where remote sensing could play important roles. 
Nature in Norway (NiN) is a system to describe and map nature while focusing on species response to 
environmental variables and gradual transitions in nature at different spatial and temporal scales. 
Nature Index (NI) is a general, integrated framework, designed to synthesize and communicate the 
current knowledge of the state and trends of biodiversity. It integrates data analytics with expert 
judgement. 
 
The NI is about to be exported to other – more data poor – countries, like Bulgaria, India and Costa 
Rica.  Currently there are no explicit links between NI and NiN, and neither of them make use of 
remotely sensed data sources. However, remote sensing holds the potential of both improving the 
data availability and fostering the development of new linkages between the two systems. 
NINA and its partners NIBIO and NR are working on two projects which can contribute in that 
direction: Sentinel4Nature – remote sensing of environmental gradients Ecoservice – linkages 
between forest structure variables and (aggregated) biodiversity indicators. 
 
The aim of the poster is to sketch ideas of utilizing remote sensing for modeling environmental 
variables based on preliminary results of those two projects for a (Inter-) national biodiversity 
indicator system – thinking also about data poor settings – which could be translated into a new 
project proposal for interested partners. 
 
Co-authors: Megan Nowell, Signe Nybø, Olav Skarpaas and Stefan Blumentrath 
 
 

24. Characterising Pelagic Biodiversity Hotspots and their dynamics in the high seas by means of 
satellite information 
Alice Soccodato 

 
Understanding the mechanisms responsible for the development of areas of high biodiversity is 
essential to assess the state of the pelagic ecosystem and for the management of its resources. 
However, information obtained by campaigns and observation networks is still sparse and hinders the 
improvement of our knowledge about the functioning of the ecosystem and of conservation policies. 
My doctoral study identified regions of increased plankton diversity using satellite information of 'fluid 
dynamical niches' characterized by different dominant plankton communities. Mesoscale regions 
containing a mosaic of contrasted communities are marked by this algorithm as biodiversity hotspot 
candidates, assuming that they become mixed by the mesoscale turbulence. This index provides 
global maps which satisfy primary macroecological relations and responded positively to a validation 
based on both model and in situ data. I found a preliminary general positive relationship between 
these regions and regions characterized by high cross-taxa diversity of higher levels of the trophic 
chain at the global scale. These maps can therefore be compared to information about the 



distribution of top predator species target for conservation policies and more widely biodiversity of 
consumers at both global scale and more specific regional scales. Future work will investigate the 
potential of these regions to 'attract/develop' diversity and/or abundance of superior guilds of the 
food web and to identify pelagic biodiversity hotspots and their dynamics using satellite derived 
ecological proxies. Results will be capital to demonstrate that satellite products can be used as 
ecological proxies to determine sensible areas for biodiversity conservation and to monitor 
environmental and ecological shifts in the pelagic realm. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Space – the final frontier for biodiversity monitoring? 
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To walk between ZSL London Zoo and Camden Town underground station takes around ten minutes. 
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