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Chapter 20
Epilogue: Toward a Global Biodiversity 
Monitoring System

Gary N. Geller, Jeannine Cavender-Bares, John A. Gamon, Kyle McDonald, 
Erika Podest, Phil A. Townsend, and Susan Ustin

The loss of biological diversity in our era is occurring at a faster rate than at any time 
in the recent past. To effectively manage losses and avoid catastrophic outcomes, it 
is imperative to advance the understanding of how ecosystems are changing, what 
is being lost, and the fundamental causes driving extinction. With this in mind, the 
Group on Earth Observations Biodiversity Observation Network (GEO BON) was 
started in 2008 to begin building a global observation network and support improved 
management of the world’s biodiversity and ecosystem services (Scholes et  al. 
2008). Despite good progress, much work remains to fully realize this vision, and 
RS has an important role to play – its potential to contribute to monitoring biodiver-
sity and ecosystems has long been discussed in the literature, and it has proven to be 
extremely valuable (e.g., Stoms and Estes 1993; Nagendra 2001; Cash et al. 2003; 
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Turner et al. 2003; Jetz et al. 2016; Luque et al. 2018). The chapters in this book 
examine the use of RS to characterize and monitor biodiversity, focused largely on 
plant diversity. The authors have collectively explained the technologies involved 
and the analytical and conceptual approaches available for applying RS to monitor 
changes in the multiple dimensions of biodiversity and for evaluating ecosystem 
condition and function. The techniques discussed reflect recent advances in RS 
technologies, which have enabled massive increases in the amount of data available, 
and data science, which has developed new methods for applying these data to the 
detection and prediction of biodiversity. These advances are occurring in parallel 
with those in computing technology and statistical and analytical methods. 
Integrating all of these advances creates new opportunities to monitor biodiversity 
change and ecosystem condition and function at a global scale. Coincidentally, 
these opportunities arise at a time when the climate is changing rapidly and human 
population continues to grow, both of which further increase pressures on the 
world’s natural systems and its biodiversity, accelerating declines that began decades 
ago. The emergence of international efforts to develop a global biodiversity moni-
toring system that can integrate RS with traditional field methods offers some hope 
that the ability to assess change and enhance management efforts can be improved.

Spaceborne RS has special value for monitoring these biodiversity changes 
because it is global, consistent, periodic, and, for Landsat, has a retrospective record 
going back more than 40 years. A system that combines the techniques, approaches, 
and lessons learned described in this book’s 19 chapters would support monitoring 
Earth’s biodiversity globally and at unprecedented levels of spatial and temporal 
resolution. Such a system would facilitate breakthroughs in scientific knowledge as 
well as provide previously unavailable information to manage biodiversity and nat-
ural resources. But spaceborne RS, by itself, is not enough. Utilizing it requires a 
suite of additional data, including airborne RS and a wide variety of in-situ mea-
surements, so these must also be part of any global monitoring system.

How can these many pieces be brought together? It seems a fitting way to end 
this book by briefly exploring ideas for a system that can do that.

20.1  Current Situation

Most RS technology and instrumentation are developed and operated by govern-
ment space agencies such as the National Aeronautics and Space Administration 
(NASA, USA) and the European Space Agency (ESA, Europe); while there are 
others, these organizations currently provide the bulk of the world’s freely accessi-
ble data. Agencies such as these acquire, store, manage, and process data; they dis-
tribute data that support development of the algorithms used to generate these 
products. While some recent projects take a different approach, traditionally, devel-
opment was assigned to specific funded teams to develop algorithms, which were 
then used to generate a mostly static list of standard products over the life of a 
 particular satellite program. These products are available for download by individ-
ual users who can then process them further and apply them to problems of interest. 
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This approach was compatible with the computing environment available at the 
time; since then, however, huge advances in computing technology, including 
greatly decreased cost and the availability and flexibility of the cloud (which, in 
turn, enables new levels of co-development), have enabled alternative approaches. 
In fact, these approaches are necessitated by the increase in the amount and diver-
sity of RS data available (e.g., downloading huge volumes of data for local process-
ing is impractical).

20.2  Remote Sensing for Global Biodiversity Monitoring: 
Building on GEO BON

Taking advantage of these new opportunities requires not only a new level of agility 
in algorithm and product development but also new approaches for data manage-
ment and processing. For example, collaboration both within and across disciplines 
is crucial because advances in science often require multidisciplinary collaboration. 
Effective use of data from different sources or collected at different times and scales 
requires a greater degree of data sharing and collaboration than is currently com-
mon. Not only have advances in understanding ecosystems and the interaction of 
their many components made the science increasingly multidisciplinary, but tech-
nology, particularly its move toward cloud computing, makes collaboration both 
easier and more natural. The workspaces the cloud provides also facilitate experi-
mentation with and exploration of both algorithms and data, and the cloud addresses 
the data volume issue by “bringing the user to the data.”

Recognition of the benefits of multidisciplinary collaboration, shared work-
spaces, and a shift toward cloud computing is not completely new. The NASA Earth 
Exchange, for example, first became available in 2012, and Google Earth Engine 
started around the same time. The ESA Thematic Exploitation Platforms, which 
focus on specific themes, began in 2014, and the European Commission-funded 
Data and Information Access Services started to go online in 2016. Most recently, 
development began on the Multi-mission Algorithm and Analysis Platform (MAAP), 
a cloud-based, joint NASA-ESA activity that will support several new missions. 
Key features of MAAP include support for collaborative algorithm development as 
well as flexibility in terms of which algorithms are developed or products generated. 
However, despite the critical importance to society, no system has yet emerged that 
provides these and the suite of other capabilities and data needed to monitor biodi-
versity or related ecosystem functions.

A concept for such a system is summarized as a high-level architecture in Box 
20.1. It makes extensive use of RS data, particularly satellite RS, because that is the 
only practical way to obtain the periodic coverage needed for regular global moni-
toring. As such, it augments GEO BON’s global monitoring work with a focus on 
RS and cloud-based processing that can take advantage of a variety of new 
technology- enabled opportunities. It also anticipates several new sensors and sensor 
types, particularly imaging spectroscopy, lidar, and radar; these technologies and 
their application to biodiversity monitoring are discussed in many of the book’s 
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chapters. Importantly, the architecture is inherently flexible, providing a suite of 
basic capabilities that can be utilized in a variety of ways; for example, which algo-
rithms are developed and how they are assessed and published depends upon the 
data the system hosts and how the system is governed. Box 20.2 summarizes some 

Box 20.1 System Concept Overview

 

The system concept consists of several basic components that reside in the 
cloud. At the bottom is a large data store that feeds the processing area and 
also acts as a repository for published products. The RS feedstock consists 
largely of analysis-ready data (ARD), which are data that have been prepro-
cessed to simplify further processing. A variety of other data (in-situ, airborne, 
and ancillary data such as DEMs) also reside there or are accessed directly 
from the provider’s site during processing. The “sandbox” serves two pur-
poses. First, it supports the development of algorithms by providing a space 
where code can be developed, shared, and tested; published algorithms can be 
stored in an “algorithm warehouse.” The sandbox also provides a space for 
experimentation by scientists that need, for example, to run an existing algo-
rithm with nonstandard parameters, to run their own models, or to combine 
data and algorithms in new ways in support of their research. A variety of 
tools are available to support both types of sandbox users. The processing area 
is where algorithms are staged and then run to generate products; depending 
on the product, processing may involve a chain of steps that produce interme-
diate products that may or may not be published. On the far right is a toolbox 
with tools to find and access the products in the data store as well as to interact 
with, understand, and utilize the data; these latter tools are of particular impor-
tance for applied users.
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Box 20.2 Some Key Characteristics of a Global Biodiversity Monitoring 
System

• Easy collaboration and facilitation of cross-discipline interactions. This 
enhances algorithm development, scientific experimentation, and 
applications.

• Agility and flexibility in algorithm development and data processing 
approaches. This facilitates a broad range of algorithms and products, 
makes the system responsive to the needs of users of all types, and can 
increase product quality.

• Integration – including fusion among different sensors, such as optical and 
radar, as well as among RS and in-situ data. Integration also involves 
addressing the challenge of data interpretation across spatial and temporal 
scales. The data already available provides opportunities that have not yet 
been fully utilized, in part because different types of data are handled by 
different communities.

• Simplified processing. Development of analysis-ready data will save both 
algorithm development time and computer resources. Analysis-ready data 
are standardized data for which some key processing steps, such as atmo-
spheric correction, have already been executed.

• Utilization of advancing technologies. These include those related to sen-
sors, such as imaging spectroscopy, thermal, radar, and lidar, but also of 
genomic technology, and those related to processing huge volumes of time 
series data in the cloud.

• Derived products and tools to increase usability and understanding. To 
extract the full value from data acquired and the products derived from it, 
many users, particularly decision-makers such as land managers, will need 
more highly derived products as well as tools to help them understand what 
the data mean and the problems they can address. A cloud-based system 
can facilitate development, generation, analysis, and sharing of derived 
products.

• Increased access to in-situ, flux tower, and airborne or UAV RS data. These 
data are absolutely essential because they tie the spaceborne data to what 
is happening on the ground. Although a tremendous amount of this type of 
data has been collected, only a fraction of it is accessible for integration 
with satellite RS data. These data will be needed to take full advantage of 
the opportunities discussed, but accessing them is a challenge.

of the key characteristics that such a system should have. Most of these explicitly 
take advantage of advancing science and technology, but there are some that tech-
nology alone cannot enable. Addressing these is important because they limit the 
value that a system can extract from RS data and thus the value of those data to 
society. By addressing the challenges of integrating vastly different data types 
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across a range of spatial and temporal scales – and particularly when combined with 
the new and forthcoming spaceborne sensors – such a system will enable a new era 
for biodiversity monitoring, and it will be global.

A system like that in Box 20.1, of course, is only part of the picture – the other 
part, upon which it completely depends, acquires the data it utilizes. While many of 
these data are collected by the spaceborne instruments operated by several space 
agencies, utilizing them to understand biodiversity on the ground depends critically 
on in-situ data. Integrating the two is a key challenge at hand, as discussed in the 
introduction to the book (Chap. 1), and is what enables inferences to be made from 
space about the biodiversity on the ground. Airborne data is often used as an inter-
mediary – basically, a “scaling tool” for understanding the scale dependence and 
process-level understanding of signals related to biodiversity (Gamon et al., Chap. 
16). Thus, off the bottom edge of the figure in Box 20.1, there exists a huge suite of 
data collection activities that are not shown. While some of those data are made 
widely available – the Global Biodiversity Information Facility (GBIF) is an excel-
lent example – a tremendous amount of in-situ and airborne data remains inacces-
sible or difficult to locate and utilize (see Fernández et al., Chap. 18). The data may 
not be published online, but even if published the variables collected, the methods 
used, and the formats of the data are often specific to each activity because they are 
operated by independent projects or organizations.

Lack of standardization is one of the challenges involved in developing an inte-
grated system for biodiversity monitoring, though this issue is starting to be 
addressed. GEO BON and its parent organization (the Group on Earth Observations, 
GEO), the International Long-Term Ecological Research (ILTER) site network, the 
US National Ecological Observatory Network (NEON), and a variety of sponsors 
and other organizations are working to enhance coordination and to develop guide-
lines and standards. Many of these activities are sponsored by governments, and in 
fact it is government agencies that can best facilitate and develop coordinated, oper-
ational observation systems. Thus, one of GEO BON’s focal areas is development 
of national and regional Biodiversity Observation Networks (BONs), and as dis-
cussed in Fernández et al. (Chap. 18), GEO BON is developing a suite of Essential 
Biodiversity Variables to provide top-level guidance on what data these BONs 
should collect and to facilitate development of standards. For spaceborne RS data, 
the Committee on Earth Observation Satellites (CEOS), which includes most 
national space agencies, facilitates the coordination of missions as well as of data 
standards.

Even a brief overview of a system concept like this should discuss how to ensure 
that the products it generates meet the needs of its target users. The “usability” of 
any product depends on who the user is and their level of expertise. Historically, 
most RS-based datasets and products have been oriented toward scientific users 
who have the resources and expertise to process them further. However, other users 
such as land managers or decision-makers, whose expertise lies elsewhere, require 
more specialized and more highly derived products – as well as user-friendly tools 
that enable them to explore and understand the meaning of those products for effi-
cient application. These tools appear toward the right edge of the figure in Box 20.1.
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As GEO BON has demonstrated, a global biodiversity monitoring system must 
be a coordinated effort among many international and national organizations and 
user communities and be built upon the vast amount of existing knowledge and data 
that has already been acquired. Taking full advantage of RS data and several advanc-
ing technologies will provide new insights into the status and trends in biodiversity, 
ecosystem functions, and ecosystem services and support operational monitoring at 
new scales. This will vastly enhance the understanding of our biological systems, 
how they are changing, and how society should respond.
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credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.
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