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Respect Earth: Future Opportunity in Carbon Understanding and Sustainability

RE FOCUS
Respect Earth: Future Opportunities for Carbon Understanding and Sustainability

Our Earth, our choice
Mission statement

Improve the use of Carbon Cycle Earth Observation data by evaluation and
interpretation and make recommendations to visualize and track Carbon Cycle
markers to empower the public and Carbon Cycle community.

Research and understand the technical and geopolitical infrastructure
of Earth Observations for monitoring the global Carbon Cycle
• Based on this recommend new implementation techniques
and policies to monitor Carbon Cycle climate variables
• Develop the recommendations for a resource to empower the
Carbon Cycle Community
• Develop the framework for an outreach resource to empower
and create awareness of the Carbon Cycle among the general
public
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Introduction

The report catalogs and evaluates terrestrial and spacebased remote sensing assets of countries involved in
the monitoring of the Carbon Cycle based on the following criteria

In the summer of 2010, during the International
Space University’s Space Studies Program, thirty-nine
participants representing seventeen countries and six
continents formed team RE-FOCUS to investigate the
Carbon Cycle. Our task was to improve understanding and
increase public awareness about the relationship we hold
with environmental stability and the accelerated growth
of population. Our team’s international, intercultural and
interdisciplinary makeup helped establish a global and
comprehensive point of view.

•
Payload instrument capabilities (such as resolution)Complementary functionality with other remote
sensing assets
• Overlap in technical capability between assets
which are (or will be) operational simultaneously
• Underlying social and technical impetus for the
development of these assets

What is the Carbon Cycle?
It is a fundamental process on Earth: the movement of carbon
within the Earth’s environment. Carbon is in constant flux between
different reservoirs: oceans, sediments, atmosphere, and terrestrial
biosphere.

The report also identifies deficiencies in international remote
sensing capabilities. The report includes an assessment
of the level of international cooperation and collaboration
in remote sensing and environment monitoring programs.
A framework is defined for improved coordination of
international remote sensing efforts to monitor the Carbon
Cycle.

How do we study the Carbon Cycle?
The movement of carbon is characterized by Carbon Cycle
markers, variables used to monitor carbon exchange within and
between reservoirs. The study of the Carbon Cycle necessitates
the use of integrated terrestrial in situ and satellite-based remote
sensing technologies because of the nature, diversity, and sheer
size of the global carbon reservoirs.

Finally, tools for visualization of the Carbon Cycle data
are discussed, and an outreach resource is proposed.
This resource is a board game proposal, which includes
content, format, and marketing concepts.

Why do we study the Carbon Cycle?
Human activities are responsible for a 30 percent increase in
the level of arbon dioxide in the atmosphere compared with 150
years ago. According to the study of ice-cores, there is more in
the atmosphere now than at any time in the last 800,000 years.
Climate change, the defining challenge of our time, is linked to the
Carbon Cycle, so it is important to understand and where possible
to influence the Carbon Cycle.

Figure 1. The Carbon Cycle Diagram

Policy

Our Approach
This document divides Carbon Cycle research into three main
areas: science and technology, policy, and education. Science and
technology allows us to gain the necessary knowledge and to drive
policy decisions. Education furthers the science and informs the
public which, in turn, influences policy makers. Policy directs the
aims of science and of education.

Science and
Technology

Education

Figure 2. Carbon Cycle Research Domains Diagram
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Science and Technology

Carbon Cycle Markers
What does space have to do with the Carbon
Cycle?
Space systems are critically important to society,
either through the delivery of information through
space services or the direct observation of the
Earth via satellite instrumentation. These systems
influence nearly all aspects of society and define
the way we perceive our world and our role within
it.
Although our understanding of the basic processes
underlying the Carbon Cycle is well-established,
uncertainties still remain about the interrelationships between these processes and our
influence upon them. This lack of understanding
inhibits decision-making and effective policy
action.
Accordingly,
RE-FOCUS
analyzed
Carbon
Cycle markers, and how they are monitored, to
identify potential areas of improvement, make
recommendations for corrective actions that
could provide for well-informed, evidence-based
policy action.
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Because of the scope and complexity of the
Carbon Cycle, RE-FOCUS performed its analysis
by segmenting the cycle into three domains:
Atmosphere, Oceans, and Terrestrial Biosphere.
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Figure 3. Integrated Earth Measurement System
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The oceans represent a large, complex, and
delicate environmental domain, responsible for
holding vast quantities of carbon.
The role the oceans play in the Carbon Cycle is not
well understood because we have comparatively
little information about the oceans themselves.
The lack of data is compounded by a popular
belief that a superficial understanding of the
ocean system is sufficient.
Although space-based remote sensing of the
deep ocean is not possible, satellites nonetheless
monitor carbon at the ocean-atmosphere
interface via measurements of color, temperature,
and other variables. Furthermore, data collection
from ocean sensors is often dependent on space
system technologies.

RE-FOCUS recommends:
Creating a network of terrestrial remote in situ
sensing devices that can be integrated with
existing satellite communication systems will
enable continuous spatial and temporal sensing
for all regions of the ocean (See Figure 3).
RE-FOCUS proposes the use of Underwater
Acoustic Positioning System (UAPS) navigation of
an autonomous ocean glider exploration system
to monitor deep-ocean carbon levels. (See Figure
4.)
Determining the exact movements of the Ocean
Conveyor Belt, and improved monitoring of the
variety of phenomena comprising the oceanic
portion of the Carbon Cycle.
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Science and Technology
The major atmospheric Carbon Cycle markers are
carbon dioxide, carbon monoxide, and methane.
Careful monitoring of the uptake of anthropogenic will
enable the Carbon Cycle community to evaluate the
effectiveness of actions and policies implemented
to reduce or store atmospheric carbon emissions.
RE-FOCUS recommends:
Improving the global network of tall tower monitoring
stations that provide high-resolution measurements
of atmospheric carbon concentrations and climate
variables.

Conclusion
Our analysis of the methods and technologies used
to monitor Carbon Cycle markers reveals several
gaps and weaknesses that reduce our ability to
understand the Carbon Cycle, of which substantive
in situ measurment device deployment is among the
most critical. Significantly, several of these gaps are
common to the monitoring processes used in each
of the environmental domains we have examined.
While there have been recent successful
international cooperative efforts to institute Carbon
Cycle monitoring globally, we have determined
that there is a definitive need for additional in situ
measurements and space-based of Carbon Cycle
markers.

Instrumenting communications towers (television,
mobile telecommunications, radio) to serve dualuse roles by tracking Carbon Cycle markers.
Creating a Universal Access Index (UAI) that
references the different terrestrial in situ and space
observation data.
The terrestrial biosphere is the sum of all ecosystems
on land. It includes interactions between living
organisms and elements of the earths crust, water
bodies, and atmosphere. Monitoring of this region
using remote sensing satellites is difficult because
of a heavy reliance on passive optical detection
systems that do not penetrate cloud cover.
RE-FOCUS recommends:
Increasing the development of high resolution active
sensing systems, such as Synthetic Aperture Radar
(SAR) technology, for satellites to permit continuous
monitoring of the terrestrial biosphere.
Promoting the development of more ambitious
remote sensing platforms which combine sensor
technologies (for example coupling Light Detection
and Ranging (LiDAR) sensors with SAR).
Implement methods to reduce measurement
discrepancies in key geographic variables such as
boundaries between different land use areas.
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Figure 4. Deap Ocean Sensor Glider detailing glider, sensor range, and under ice
capability
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Policy, Law and Economic issues
Pertaining to the Carbon Cycle
Results from recent climate studies suggest
that human-induced climate change is one of
the greatest influences on the global Carbon
Cycle. During the past three decades, national
leaders, environmental experts, and the scientific
community have struggled to define policies to
address concerns such as the unprecedented
growth in atmospheric carbon dioxide emissions,
deforestation, and waste by-products resulting
from global population expansion.

Although the Kyoto Protocol has become the
principle motivator within industrialized countries
for the development of improved environmental
standards and practices, there is still a need for a
more comprehensive, truly global, policy initiative.
For example, many “developing” nations do not
have established emissions limits for the 2012
Protocol target. However, it is these very same
countries that are now in a state of rapid economic
transition, aggressively pursuing paths towards
industrialization. Such activities have resulted
in the emissions from these countries growing
unchecked and essentially unmonitored.

Regional environmental concerns were the focus
of our investigation in which certain countries,
for example Australia, Brazil, Canada, and the
member states of the European Union, were
evaluated to serve as representative study
subjects.
Based on the results from our investigation,
team RE-FOCUS made recommendations that
could lead to the formulation of better policies
and protocols at both the international and
national levels. We emphasize the importance
of international perception of the Carbon Cycle
and how this influences actions and polices, with
particular reference to the Kyoto Protocol.
The United Nations (UN) has several agencies
and subcommittees that cover aspects of
international cooperation and development that
directly influence human impact on the Carbon
Cycle. Among others, the United Nations
Environment Program (UNEP), along with the
World Meteorological Organization (WMO),
established the Intergovernmental Panel on
Climate Change (IPCC) (See Figure 5). The IPCC
provides assessment reports detailing the state
of knowledge on climate change, methodology
reports, technical papers, and supporting
materials, all of which are relevant to the study of
the Carbon Cycle.
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Figure 5. Developement of UN bodies governing international cooperation in Carbon
Emission Control

Similarly, the issue of deforestation was not
addressed within the Protocol, although the issue
of deforestation has since been formally entered
into the United Nations Framework Convention
on Climate Change (UNFCCC) agenda during
Committee of Parties (COP) COP11 assembly in
2005, and recently there have been discussions
pursuing this agenda through the UN Collaborative
Programme for Reducing Emissions from
Deforestations and Forest Degradation (REDD),
which seeks to help developing countries monitor
their forests.international policies addressing the
Carbon Cycle pose many questions.
The consequences of these policies influence
the economic and social structures of every
nation. Domestic economics and regulations
play a very important role in determining the
national and international response of countries
to environmental issues.
The IPCC’s findings have resulted in the
establishment of the UNFCCC. The UNFCCC’s
data catalogue of GHG emissions and
sequestration form the basis of the benchmark
levels for the Kyoto Protocol.
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Policy, Law and Economic issues
Pertaining to the Carbon Cycle
Identified Concerns and Recommendations
The UN has implemented a carbon market framework
to influence policymakers and to encourage the
inclusion of sustainable development programs in their
policies. The key areas addressed by the framework
are deforestation, climate change, and reducing losses
in biodiversity. The UN sponsors Earth observation
programs such as the Global Terrestrial Observing
system (GTOS), Global Climate Observing System
(GCOS), and the Global Ocean Observing System
(GOOS) to help ensure that a sufficient volume of Earth
observation data exists to support policy development
on a collaborative international basis.
The Kyoto Protocol transformed Greenhouse Gases
(GHG) into a new commodity. With the creation of the
carbon market GHG has the potential to become the
largest traded commodity in the world. If a nation’s
emissions exceed the levels specified in the Protocol,
the country can either cut back its emissions or
purchase carbon credits from other countries to offset
their emissions. The carbon market mechanism has
been criticized as a failure since present growth in global
carbon emissions continues to exceed the available
offsets. However, establishment of the market may
yet prove to be an effective long-term approach for
reducing carbon emissions, since it encourages and
incentivizes (through the potential sale of any excess
carbon credits) developing countries to engage in
emissions reduction and removal projects.
The Kyoto carbon market implementation also includes
the Clean Development Mechanism (CDM), in which
the countries with the highest carbon emissions
directly affect carbon offsets through investment in
emission reduction projects in developing countries
(UNFCCC Kyoto Protocol, 1997). Joint implementation
mechanisms permit a country with set emissions
limits to invest in emission reduction or sequestration
projects in another developed country having similar
status within the Kyoto Protocol.
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Main Concerns

Recommendations

Deforestation and land use
change

Improve REDD within a
legally binding post 2012
agreement. Improve the
Carbon Market framework

Economic growth without
adequate environmental
policies

Sharing of clean technologies between developed
and emerging countries

Larger population, increasing poverty and waste
production

Ensure resolution of UN
Millenium Development
goals

CO2
$

2015

Increasing energy demand
met using fossil fuels

Fossil fuel combustion for
transportation

Improve fuel quality and
alternate transportation
modes
International cooperation.
Increase cooperation for
carbon cycle data exchange

Figure 6. Main Concerns and Recomendations

Recently, new policy initiatives have been added to the
carbon market framework to address the reduction of
carbon emissions from deforestation. For example,
the UN Reducing Emissions from Deforestation and
forest Degradation (REDD) initiative involves developed
countries providing financial incentives to developing
countries to reduce carbon emission caused by
deforestation and forest degradation.
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Visualization

Visualizing Carbon Related Data

It is likely that human influence is the main contributor to climate change
and changes in the balance of Carbon Cycle process, so it is important to
raise awareness among the general public. We recommend the creation
of an interactive board game designed to engage and educate the public,
specifically youth, about the importance of the Carbon Cycle.
This outreach resource should be available in both an online electronic and
hard copy (physical media) format (See Figures 7 and 9), to ensure use in
less developed areas. Handheld cards that illustrate how the Carbon Cycle
functions in nature could be utilized to support the hard copy board game.
The online format of the game would utilize digital animations to engage
attention and stimulate game play.

Following the motto “a picture says a thousand words” RE-FOCUS has
investigated the creation of images capable of displaying carbon marker
data from the scientific community in a format the general public will enjoy
and understand.
To enforce the importance of Carbon Cycle markers and highlight discovery
of gaps within our understanding of the Carbon Cycle, we looked for publicly
available raw data and software that could produce clear and simple
images. We found the Giovanni software and its related databases to be
the tool best suited for this purpose.
Giovanni is a web-based NASA program that provides recent atmospheric
and ocean remote sensing data. Various types of plots can be created
without the need to download software. Comprehensive data sets are
available for carbon monoxide, black carbon (a particulate form of air
pollution), methane, carbon dioxide and aerosols.
Using Giovanni, it was possible to generate a comparative global map of
key carbon cycle markers over specified periods of time. These types of
plots are significant and informative for both researchers and the general
public. For example, the Giovanni world map of black carbon emissions
clearly shows the seasonal shift in emissions caused by fires in the world’s
biggest forest during the dry seasons.
More complex images can be created when combining Giovanni generated
images with a Geographic Information Systems tool.

Figure 7. Re-Focus Board Game, board graphics

The success of this outreach resource will depend upon its effective
distribution, promotion, and subsequent outreach activity for the product.
We recommend commercial or collaborative partnerships with stakeholders
such as the national space agencies to implement and distribute the product.
We recommend promotion of the board game through educational and
environmental themed events and occasions such as the Model United
Nations program of the UN’s International Year of Youth initiative.
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Figure 8. Giovanni/RE-FOCUS
Black Carbon Visualization image
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Conclusion
To improve our knowledge of the Carbon Cycle, we offer
the following general recommendations:
1.
The development of a global network of remote
sensing devices that can be integrated with existing satellite
communication systems to enable continuous spatial and
temporal sensing in all regions of the ocean
2.
Increased collaboration within the international
scientific community to study deep ocean carbon
concentration levels
3.
To improve the temporal resolution of data from
ground-based atmospheric monitoring stations, we
propose that communications towers (television, mobile
telecommunication, broadcast radio), in both developed
and emerging countries, should be enhanced to serve
a dual-role by equipping them with passive monitoring
instrumentation for atmospheric carbon level measurements
4.
International collaboration should be encouraged
between nation states actively engaged in the monitoring
and study of the Carbon Cycle or related environmental
processes
5.
Improvement in the economic outreach towards
private industry to promote and encourage the adoption of
carbon-friendly operational policies and practices
6.
Adoption of a new international data sharing
agreement which would permit members of the Carbon
Cycle community to access, and subsequently combine,
data from available international remote sensing assets
7.
The use of very high-resolution remote sensing
systems to reconstruct the true location of forest boundaries
to resolve the discrepancy between remote sensing data
and in situ measurements of the boundaries between
different land use areas
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To enforce the importance of Carbon Cycle markers and
highlight the gaps in our knowledge of the Carbon Cycle,
we undertook the task of identifying methods to provide
informative images to serve the scientific community and
empower the public. We then investigated methods for
the development of an outreach resource to present this
information in an accessible way.
Our suggested format identified for the outreach resource
is that of a board game, which could be offered in both a
hard copy and an internet-based format.
During the RE-FOCUS project we have examined the
interrelationship between policy, science and technology,
and education in the context of the Carbon Cycle. We
have learned that the scientific community has substantial
knowledge of the cycle and the underlying processes that
drive it. However, as our global society continues to expand,
our influence on the environment will continue to disrupt the
Carbon Cycle’s equilibrium.
Only through continued improvement in our knowledge
and understanding of the Carbon Cycle will we be able to
manage our environment, our planet, and our future.
We are proud to have educated ourselves in the hopes of
educating others.

Our Earth, our choice
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Figure 9. 6 images of
RE-Focus Game Cards

This Executive Summary and the Final Report were written by 39 people from 17
countries durring the International Space University Space Studies Program 2010.
The authors gratefully acknowledge the generous guidance, support and direction
provided by the following individuals, all experts and supporters providing guidance and help durring this program:
Project Faculty:
TP Chair, René Laufer, Baylor University / Universität Stuttgart
TP Co-Chair, George Dyke, Symbios Communication
TP Emerging Chair, Francesc Betorz, Universitat Polytecnica de Catalunya
TP Teaching Associate, Joshua Nelson, SEDS
The 2010 Space Studies Program of the International Space University convened at the ISU Strasbourg Central Campus, Parc d’Innovation, IllkirchGraffenstaden, France
While all care has been taken in the preparation of this report, it should not be
relied on, and ISU does not take any responsibility for the accuracy of its content.
The Executive Summary and the Final report for this project may be ordered
from:
International Space University
Strasbourg Central Campus
Attention: Publications/Library
Parc d’Innovation
1 rue Jean-Dominique Cassini
67400 Illkirch-Graffenstaden
France
Tel. +33 (0)3 88 65 54 32
Fax. +33 (0)3 88 65 54 47
e-mail. publications@isu.isunet.edu
http://www.isunet.edu

16

Master_exec.pdf 1 19/08/2010 18:56:17

Executive Summary

Our Earth, Our Choice

C

M

Y

CM

MY

CY

CMY

K

Alexandra Kindrat
Atsumi Sasaki
BangCheng Ai
Carlos Vernich Gimeno
Claire Davies
Daniel Ribas Nieto
Darin (Fish) Lovett
Elke Delvoye
Elliot Greenberg
Fabio França Santos
Farhan M. Asrar
Gavin McMurray
Geir Arild Byberg
Gino Genaro
Heather Allaway
HongBing Yang
Jan Walter Schroeder
Jean-Werner Haidt
JianRu Wang
JianSong Wan

Olusoji Nester John
Jun Sun
Kalin Ovtcharov
Katarina Miljkovic
Ken Sinclair
Liu Bo
María Parra Borderías
Martina Meisnar
Michael Vergalla
Monica E. Rocha de Oliveira
Ram Levi
Raymond Harris
Ruth McAvinia
Sidharth Saraf
Takashi Yoshikawa
Tetsuro Harada
Unai Garcia Feijao
ZongJu Xiong
ZuoXin Zhou

Respect Earth: Future Opportunity in Carbon Understanding and Sustainability

