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    Preface      

 This textbook,  Climate Change Science     : A Modern Synthesis, Volume I: The Physical 
Climate , is intended for the introductory college science student who perhaps has 
not had a science course since secondary or preparatory school. It is also intended 
to serve as a more advanced textbook for students who have had a basic science 
course in astronomy   , geology   , biology   , physics   , or chemistry    and who want to better 
understand Earth   ’s climate   , how Earth’s climate    has developed, what affects it, and 
how it may change in the future   . However, it presumes no background in any of the 
sciences. Basic scienti fi c concepts    are introduced and explained as they become 
necessary for understanding the current topic. It constitutes Volume I of a two-
textbook treatment of climate    change    science    designed for a 1-year introductory 
science course. This volume treats the physical aspects of climate    change    science 
and is intended for a one-semester or one-quarter introductory science course. 

 Volume II emphasizes the historical aspects of climate    change    and Earth    science. 
Each volume is a stand-alone treatment of climate    change    science, Volume I emphasiz-
ing the physical and chemical portions of the science while Volume II emphasizes 
the evolution    and historical aspects of the science. Each volume presents arguments 
of climate    change    and global warming    skeptics    and deniers    and the scienti fi c evidence 
that refutes or supports each argument. The last two chapters in this text discuss 
denial in the face of overwhelming scienti fi c evidence. 

 Neither volume assumes a prior college or preparatory course in science or 
mathematics but they do assume an interest in the world around us. The necessary 
science is introduced in the context of the evolving subject matter in the text. 
Mathematics is kept to a minimum in each volume and an understanding of 
preparatory-school algebra should be suf fi cient to tackle the mathematics of most 
climate    science concepts contained herein. Additional readings for each chapter 
contain mathematical material where appropriate. 

 This volume will also serve as a basic college textbook in beginning Earth    
science    for students who want to understand what modern climate    science is all 
about and whether the Earth is warming    to a dangerous level as some say it is. There 
are others that say that global warming    is a “hoax   ” and questions have been raised 
about the legitimacy of climate    science and those who practice it. Hopefully this 



viii

book will provide the necessary background for students who want to understand 
and appreciate the complexities and problems of Earth’s climate    and climate    change    
science    and of those scientists    who try to comprehend and explain them. There 
will be discussions of the legitimate nature of climate    science, its current status, 
some of the problems climate    scientists    have had to face, and what climate    science 
can contribute to the future    of humankind    on Planet Earth. 

 Climate science is far from being a hoax    but there are still unanswered questions, 
as that is the nature of science in general. Climate science    would hardly be a science 
if all questions had already been answered. But climate    change    science is a legiti-
mate branch of science dealing with an Earth    that is being greatly impacted and thus 
greatly changed by humankind   . As in all aspects of science, there is an inherent 
search for truth. The  fi nal two chapters of this text deal with the concepts of denial 
as it relates to climate science and climate scientists. 

 Most scientists    are well educated and free thinkers who try and keep their minds 
uncluttered by prejudices; but by human nature this is not always possible to do. However, 
it is inane to think that the thousands of climate    scientists    throughout the world have 
agreed to defraud the public into believing a false claim; that is, that the Earth    is warming   ! 
The truth is that the Earth  is  warming    and the scientists    are and have been gathering facts 
and reporting the truth, or as close to it as they can come. There is no collusion among 
climate scientists as some have claimed. Those attempting to deny global warming    
are mainly not climate    scientists    but are something else; talk-show hosts, weather    report-
ers, right-wing politicians    and personalities, anti-science zealots, etc. 

 This textbook gives the physical evidence for climate    change    and global warming    
and is a synthesis of current climate    change    knowledge. There are parts (Parts IX 
and X) in this volume that present the ideas of skeptics and deniers and the scienti fi c 
evidence that either refutes or substantiates their claims. There is also material that 
concerns the debunking of myths and there are many myths related to science in 
general and climate    change    science in particular. 

 Most scientists    are realists and their primary concern is for the best future    for 
humanity on this planet   . It is the main reason most of them became scientists   . The 
principal driver of scienti fi c endeavor is to advance human knowledge and to make 
the Earth    a more pleasant place, or at least a better place; a better understood place, 
for future    generations to live. Scientists and others may differ about their de fi nition 
of “better” but most want to improve the Earth and human society. 

 Most scientists    are excited about their science and they hope to be able to 
impart that excitement to the students that they teach or for whom they write. 
Scientists are among the best educated members of society and now is a great 
time    to be a scientist because knowledge is expanding astronomically, in quan-
tum leaps. New knowledge is always exciting in one’s major  fi eld of interest, 
but what is being found out today about the Earth    and its climate    is truly amaz-
ing. New satellites    are being sent into space    and Earth orbit to monitor Earth’s 
climate    in ways never before imagined or thought possible. Scientists are learn-
ing more and more about the past climates of other planets as well as about that 
of the Earth. Other space    vehicles are exploring other parts of the Universe    and 
man is getting ready to explore other planets. 
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 In the 1960s and 1970s the Earth    sciences experienced a change which has been 
described as a paradigm shift. New information was being acquired from the ocean    
basins concerning their ages and characteristics and new methods of exploring, 
sampling, and analyzing were being developed. Scientists    had begun to obtain ice 
cores    from Antarctica   , Greenland   , and some of the glaciers    in mountainous areas of 
the world. Their analysis was beginning to yield important new information about 
past climate    changes; the most recent changes that had taken place on Earth during 
the past 850,000 years. 

 Ice cores have taken us back to about 850,000 years ago when the Earth    was not 
so different from what it is now. The continents    were approximately where they are 
today and climate    was not too different. But something happened around 700,000 
years ago    and the Earth cooled to begin cycles of expanding and then retreating of 
continental-sized ice sheets    that covered vast areas of North and South America   , 
Asia    and Europe    (Eurasia   ). Ice sheets   , including glaciers   , also expanded in mountains 
such as the Alps   , Andes   , Himalayas   , and Rockies   . Reasons for these cycles are 
considered in this text as well as the evidence that allowed scientists    to arrive at the 
conclusion that glacial ice had been much more extensive in the past than it is today. 
In the span of just a few hundreds of thousands of years, the Earth’s climate    has 
undergone radical changes and ice cores    have allowed scientists    to learn a great deal 
about the “Ice Age” and its causes. It will be seen that the Earth has experienced 
several “ice ages   ” and the latest one is the one about which we know the most. 

 The major paradigm shift in the Earth    sciences has been referred to as Plate 
Tectonics   , which is introduced in this volume but treated extensively in Volume II. 
It represents a legitimate paradigm shift; but the monumental changes taking place 
in the knowledge about the Earth involve more than lithospheric plates, their 
con fi gurations, boundaries, and their motions. The Earth science    paradigm shift has 
broadened and now also involves changes in the interpretation of Earth’s climate;    
the interactions between the atmosphere   , biosphere   , lithosphere, asthenosphere, 
and anthrosphere; as well as the evolution    of Earth’s climate    through time   , known 
as paleoclimatology   . Scientists’    knowledge of climate    change    science as well as the 
modern concept of Plate Tectonics constitute paradigm shifts. 

 If humans    can understand climates of the past, perhaps we can better understand 
what the climate    of the future    will be and humankind    may be able to mitigate some 
of the problems that are sure to occur in many future    scenarios of Planet Earth   ’s 
climate   . 

 Some scientists    will be fortunate enough to in fl uence a few students or colleagues 
in a positive way. A few will be able to reach many more by publication or performance 
in the classroom or on the lecture circuit. And a very few will reach the pinnacle of 
their profession by excelling at every level. This work will attempt to impart some 
of the writers’ excitement about the Earth    and its climate    to the readers of this text 
and will hopefully extend their knowledge of Earth and its potential for allowing us 
to live, work, play, and learn about its many mysteries. Perhaps we can decipher its 
clues and features, and thereby arrive at solutions to many of its problems. 

 This book is written for students who are looking to balance their education with 
a basic science course. And it is also written for the instructors who teach them. 
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There is enough material here for both as well as for others that want to accept the 
challenge to gain a better understanding of Earth    and its climate   . 

 That the planet    is warming    is unequivocal. Climate change    scientists    have gone 
far beyond the simple concept of global warming    and now are attempting to devise 
ways that humans    can cope with ever increasing temperatures    and their effects. If 
scientists    can unravel and document the convoluted facts of our world’s climate    and 
better understand the rami fi cations of global warming   , the better the chances are 
that humankind    can survive in the years and centuries to come. There is an urgent 
call for understanding the climate    and doing everything possible to mitigate its 
warming    and it is hoped that these texts will help. 

 Climate change    science has become a different branch of science from just 
climate    science, that which has been practiced by climatologists    over the years. 
Climatologists have always been aware that climate    can change and can heat    up or 
cool down, usually taking hundreds and possibly thousands of years to make a major 
change. Scientists    and others have known about the most recent ice age    for around 
200 years or more. We now know about ice ages    that took place even further back 
in time   , as far back as 700 million years. Some have said that we are headed for 
another ice age    and perhaps we would be if global warming    was not happening. 
Humans have been adversely affecting Earth’s climate for at least 8,000 years, 
beginning with agriculture and the demise of the hunter-gatherer stage of human 
history. 

 Climate change scientists    are a relatively new breed of scientist with backgrounds 
in Earth    history, geology   , geography, biology   , oceanography, astronomy, mathematics, 
physics   , chemistry   , engineering   , and are able to juggle multitasks at blinding speed 
thanks mainly to advances in computer science and engineering   . Climate science    
is changing rapidly now and climate    change    scientists    must keep pace with these 
rapid changes. 

 Climate    change    scientists    deal with massive amounts of data over relatively long 
time    periods and are able to see signi fi cant trends revealed by analyses of these data. 
The most obvious are the trends in temperatures   , changes in sea level   , volume 
changes in glaciers    and their waxing and waning, changes in atmospheric and 
oceanic circulation   , con fi guration of continents    and their locations over the Earth   ’s 
surface   , trends in energy    amounts received and distributed by Earth processes, 
etc. Trends are revealed after assembling and analyzing these data with analytical 
methods developed over many years and agreed to by international groups of scien-
tists   . These methods and results are discussed in the pages that follow. 

 In the last two centuries, humankind    has dumped an amazing amount of carbon 
and carbon    dioxide    (CO 

2
    ) into the atmosphere    by the burning fossil fuels   . Humans    

added another 110 billion tons via deforestation    and land   -use changes. The activities 
of humankind    since the start of the Industrial Revolution    in the mid-eighteenth 
century have had and are still having a tremendous and negative impact on Earth   ’s 
land   , ocean   , atmosphere   , biota   , and human health   . 

 The atmosphere    weighs about 5 quadrillion tons, and carbon    dioxide   , despite 
human emissions, remains a small component of that. But it grows larger every day. 
The International Energy Agency (IEA) expects annual global CO 

2
     emissions from 
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fossil fuels    alone to top 40 billion tons added to the atmosphere each year by 2030. 
It is not that humans    will suffocate from the additional CO 

2
  directly, but that it will 

cause an increase in Earth   ’s temperature    to a degree that will make the planet    too hot 
for humans    to live on it or in it. CO 

2
  is not toxic at levels in the foreseeable future    

for the atmosphere    but its role as a greenhouse gas    is a concern at levels seen over 
the past several decades. This concern is treated in the following pages. 

 Climate change is real, is being re fl ected today in major changes in weather    pat-
terns throughout the globe, and climate    change    scientists    are working with these 
changes to  fi nd causes and ways to deal with them. Modern citizens of the world 
need to become better acquainted with the climate    changes that are occurring and it 
is hoped that the words that follow will help. 

 The Internet    has been extensively used in the writing of this work. Websites are 
listed throughout these texts and contain additional information on the topic under 
consideration. The authors strongly recommend that these or similar sites be visited 
for additional information whenever desired or needed. The Internet is an amazing 
resource for information but it must be used with care and discrimination. There is 
much misinformation    (and disinformation   ) on the web and one needs to be able to 
recognize it when found and be able to separate the bad from the good. It is hoped 
that these texts will aid in this discrimination. 

 A timeline for some of the major events in the recent development of modern 
climate change science is given below beginning around 1965 with work by Manabe 
and Wetherald who built the  fi rst comprehensive model of Earth’s climate system.  
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  Fig. 1    Timeline for the development of modern climate change science from around 1965 to 2010 
(From SkepticalScience.com, viewed 5/11/2012)       
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 The following text is intended to be used in introductory science courses. It intro-
duces concepts common to all the sciences and includes an introduction to the 
scienti fi c method   , some geology   , chemistry   , physics   , and astronomy and other 
subjects such as statistics, philosophy, and meteorology    necessary to understand 
climate    change    science. 

 Volume I of the textbook is divided into Parts I–XI. Each part is listed as 
follows:

   Part I – Scienti fi c Principles and the Scienti fi c Method  
  Part II – Overview of Climate    Change Science     
  Part III – Earth   ’s Atmosphere  
  Part IV – The World Ocean    and Climate     
  Part V – Earth’s Cryosphere and Recent Climate History  
  Part VI – Land and Its Climates  
  Part VII – Climate    Models  
  Part VIII – Climates of the Past (Paleoclimatology)     
  Part IX – Future Climates and Mitigation  
  Part X – Understanding Climate Change Denial     
  Part XI – Speci fi c Declarations Against Climate    Science    and Climate Scientists       

 There are also appendices that will serve as reference for parts of the text, a list 
of abbreviations used in the text, and a glossary of climate    change    terms. 

 The book may serve as an introduction to Earth    science, climate    science, envi-
ronmental science, geology   , and general science students. It may also be used in 
Advanced Placement courses in the Earth sciences for college preparatory schools. 
It is a textbook for introductory science students at any level. 

 The text is written with the basic premise of allowing the instructor maximum 
 fl exibility in teaching the introductory science course. It allows the instructor and 
introductory science student to build on a solid foundation of scienti fi c and intro-
ductory information. Some chapters begin with an appropriate quotation relating to 
that chapter’s material. A list of terms and topics (“Things to Know”) that the stu-
dent should keep in mind as the chapter is read follows the quotation or begins the 
chapter. Some chapters have sections that contain advanced material pertinent to the 
subject matter of that chapter and the instructor may elect to assign the material or 
not. The instructor may choose which materials to emphasize in each chapter, 
change the sequence of material covered in the text, or add additional material. An 
attempt has been made to have each chapter stand alone and not be dependent on the 
previous chapter. 

 The text begins with an introduction to basic scienti fi c principles used in all the 
sciences, such as the scienti fi c method   (s), laws of thermodynamics, the gathering 
and interpretation of data, a few of the giants of science and their contributions, a 
few selected climate    change    scientists    and their contributions, Newton’s laws of 
motion, etc. 

 The introduction is followed by a series of chapters on the major aspects of cli-
mate    change    and its effects and interactions with the atmosphere   , the World Ocean   , 
glaciers   , and land   . Modeling the climate    (PART VII, Chap.   18    ) is a separate chapter 
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as is a section on past climates, and speci fi c arguments of climate    change    skeptics 
and deniers. 

 Terms found in the Glossary or given for emphasis are de fi ned when  fi rst 
introduced. 

 This volume,  The Physical Climate , is written with the student’s best interest in 
mind. It is hoped that it has condensed a dif fi cult and multifaceted subject (climate    
change   ) and made it a bit easier to understand. The attempt is a synthesis of modern 
climate    change    science and the principles used to understand it and it is hoped that 
the reader will gain a better understanding of the world around us and the need for 
conservation of its resources. 

  G. Thomas Farmer
John Cook   
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