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Foreword

Global change and the major environmental issues caused by climate change are
challenging the fundamentals of human existence in the twenty-first century.
Because it produces changes in the natural environment, climate change has a
profound influence on economic and social development. The question of how to
achieve sustainable development while dealing with climate change is one of the
most important topics that human society currently faces.

China is fully committed to climate change research, including the study of the
interactions between human activities and climate change, Earth system models, the
assimilation of Earth observation data and its applications, and economic issues
related to climate change. Long-term, high-quality observation data and their
assimilation into Earth system models help to limit uncertainties in the under-
standing of climate change. Hence, it is necessary to establish sensitive, reliable,
and comprehensive Earth observation systems. These systems should have inte-
grated observation processes that focus on the key parameters of climate change
and possess resilient capabilities in terms of data assimilation, data fusion, and
application of the data.

Although climate change research in China has made a great deal of progress, it
is still extremely important to enhance the involvement of Earth observation
technology in climate change research. Earth observation technology has the ability
to acquire accurate data about Earth rapidly, and at a large scale, and thus plays a
key role in the study of climate change. The Cape Town Declaration, agreed at the
Group on Earth Observations Ministerial Summit in 2007, stressed the importance
of Earth observation technology for climate change research, recognizing that
“nations are facing major environmental, social, and economic challenges as a
consequence of global change” and that “sound policy making for addressing the
environment and sustainable development must be based on understanding,
describing and predicting a complex and interdependent world, and therefore
requires terrestrial, oceanic, airborne, and space-based Earth observations, data
assimilation techniques, and Earth system modeling.”
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To enhance global change research, the concept of Moon-based Earth obser-
vation has been proposed. Since 2016, Professor Huadong Guo and his team have
been undertaking the research project “Moon-based observation research of Earth’s
macroscopic scientific phenomena,” a project of the National Natural Science
Foundation of China. This project has achieved fruitful results that address the
theoretical and methodological aspects of climate change. This book, which is one
of the outcomes of the project, systematically analyzes the present state of climate
change research and also the scientific requirements of Earth observation technol-
ogy. It comprehensively introduces the decades of international and domestic
development in Earth observation, and thoroughly addresses the frameworks and
technical parameters of satellite systems used for climate change research. More
importantly, the book introduces scientific insights into climate change’s sensitive
variables and also the concept of a climate change satellite. Meanwhile, several new
directions for the application of Earth observations in climate change research are
proposed.

This book is of both a high academic level and great practical value and
describes the role of Earth observation satellites in climate change research. It will
serve as an important reference for climate change research and the development of
space technology. China is making rapid progress in space technology. However, in
the coming years, it will be necessary to develop and launch scientific satellites that
are to be used exclusively for climate change research. This book will be valuable
to climate change researchers, Earth scientists, Earth observation engineers, gov-
ernment officers, decision makers, teachers, and graduate students. It should also
provide significant lessons for the development of the national Earth observation
satellite system and the construction of space infrastructure.

Beijing, China
March 2019

Guanhua Xu
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Preface

In recent decades, global change has become one of the central issues to be
addressed by researchers, innovators, and decision makers around the world. Global
change not only brings severe challenges for the survival and development of the
nations but also poses fundamental threats to the living conditions and lifestyle of
humanity as a whole. As Rajendra K. Pachauri, chair of the IPCC stated, “The
effects of climate change are already occurring on all continents and across the
oceans. Nobody on this planet is going to be untouched by the impacts of climate
change.” Thus, there is no doubt that global change research is essential if the
social, economic, ecological, and political dimensions of issues are to be
recognized.

Global change involves the systematic and complex variations of Earth’s sys-
tems. Along with changes in time, spatial transformations are also evident at
multiple scales. Therefore, a variety of theoretical and technological methods are
essential in global change research. It is well known that, because of their ability to
provide large-scale, accurate, fast, and dynamic monitoring, satellite observations
have been widely used in global change studies. Over the past fifty years, Earth
observation has developed into a stereoscopic observation system that can conduct
dynamic monitoring of the land, the oceans, and the atmosphere at local to regional
and to global scales, using sensors operating the whole spectrum from visible to
microwave frequencies. Such an integrated monitoring network definitely plays a
significant role in detecting and predicting global change phenomena at fine scales.

During the past thirty years, China has concentrated on building up a relatively
stable Earth observation system and has launched four series of satellites, including
meteorological satellites, resource satellites, environmental satellites, and ocean
satellites. However, it is worth noting that although a large number of Earth
observation satellites have been launched, most of these are industrial satellites, and
scientific satellites account for only a small proportion. Moreover, very few of them
are used in global change studies. For this reason, large-scale research on global
change is greatly limited by the lack of corresponding scientific satellite programs.
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Earth observation satellites mainly consist of industrial satellites and scientific
satellites. Global change scientific satellites make use of the “resource” of the entire
electromagnetic wave to provide abundant observation data for global change
factors. Therefore, it is of great scientific and social significance that China is
developing industrial satellites and meanwhile also building a global change sci-
entific satellite system to make contributions to global change research in China and
the rest of the world.

The project “Moon-based observation research of Earth’s macroscopic scientific
phenomena” aims to establish a Moon-based Earth observation platform in the
future and to develop the theory of Moon-based Earth observation for studying
Earth’s macroscopic scientific phenomena. By analyzing the interaction between
ground features and electromagnetic waves, the project demonstrates the utility of
Moon-based Earth observation for long-distance, large-scale observation.
Responding to the demand for precision observation of macroscopic-scale targets,
the project will explore the models and methods of Moon-based Earth observation.
Based on the movement of the Sun, Earth, and Moon, the project will establish
theoretical parameter settings and optimizations for Moon-based sensors. Through
multidisciplinary crossover studies, the project will propose a scientific framework
for the Moon-based Earth observation platform.

This book, therefore, proposes a new series of satellites—global change scien-
tific satellites—as part of China’s Earth observation satellite programs. These will
not only provide basic datasets relevant to global change research in China but also
offer accurate information to be used in international negotiations on global change,
provide scientific support for decisions made by the government and, in particular,
bring the implementation of a “Beautiful China” a step closer, as well as facilitating
advances in international global change research.

The book is divided into three parts that comprise a total of 18 chapters. Part I
contains six chapters and can be grouped into four aspects: (1) an overview of the
development of Earth observation satellites during the past half century and a
discussion on future trends; (2) a presentation of the development of Earth obser-
vation satellites in specific countries and regions, including the USA, Europe,
Russia, Japan, and Canada; (3) an introduction to China’s meteorological, ocean,
resource, and environmental satellites, as well as the satellites belonging to the
high-resolution Earth observation system, the “BeiDou” navigation satellite system,
and the “Shenzhou” spacecraft program; and 4) an illustration of the latest research
progress produced by comprehensive projects on global Earth observation and the
organizations related to these projects, including the Global Earth Observation
System of Systems (GEOSS), the Committee on Earth Observation Satellites
(CEOS), and the Global Monitoring for Environment and Security (GMES)
initiative.

Part II consists of eight chapters. In this section, we propose a plan for a series of
global change scientific satellites, which includes the following six satellites: (1) an
atmospheric carbon satellite to objectively acquire real-time data on CO2 concen-
trations to meet the demand for global model-based estimations of carbon sources
and sinks; (2) an aerosol satellite to retrieve aerosol optical thickness to provide
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information on spatial patterns of aerosols and haze; (3) a night-light satellite to
provide data for comprehensive analysis and rapid assessment of urbanization
factors, such as land cover, population density, and economic activity; (4) a forest
biomass satellite to enable the acquisition of quantitative, continuous, high-
precision forest biomass data at regional and global scales using spaceborne LiDAR
systems and SAR to estimate carbon storage; (5) a glacier satellite to record glacial
processes closely related to temperature, rainfall, and mass balance to provide
evidence of global environmental change in a unique way; and (6) an ocean salinity
satellite to provide data on the variables necessary for the study of such oceanic
phenomena as ocean circulation and global sea-level change. These six satellites
would be of great importance in dealing with major scientific issues and, at the
same time, would facilitate the development of China’s Earth observation satellites.
Finally, an analysis of the techniques and models used in multi-satellite networks is
discussed in this part.

Part III introduces Moon-based Earth observation and comprises three chapters.
It focuses on Moon-based global change observation, frontiers of Moon-based
Earth Observation, and a comparison of global change research related Earth and
the other planets. Among these, the topic of Moon-based global change observation
is a highlight of the book. Aircrafts and satellites are commonly used as observation
platforms, but here we propose the installation of sensors on the Moon, using it as a
platform for observing global-scale phenomena. The Moon has many unique
advantages as an Earth observation platform. For one, a panoramic view of a whole
hemisphere can be acquired. Another is that the lunar surface is in an ultra-high
vacuum state. Also, one side of the Moon always faces Earth, and thus, the same
area on Earth can be observed from various angles over a long period of time. These
factors make it possible to monitor geological and global change phenomena at a
large scale. Also, as Earth does not exist in isolation, it is necessary to conduct
comparable research on global change on both Earth and other planets.

I would like to take this opportunity to express gratitude to my colleagues who
have devoted their time and effort toward the publication of this book. First of all, I
am grateful to all the contributing authors. My heartfelt appreciation also goes to all
the experts who contributed substantially toward the implementation of the
Moon-based Earth observation project. The Foreword written by Professor
Guanhua Xu is also greatly appreciated.

Beijing, China Huadong Guo
March 2019
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