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“Welcome!”	



Meet  the  instructor  -‐‑  
Brad  Hubbard-‐‑Nelson	

•  A Concord resident since 2000, with my wife Andrea 
and two children, one in CCHS and one at Thoreau 

•  A physicist, with a background in electronics, 
software and analytical instrument design  

•  Involved with ConcordCAN! (the Concord Climate 
Action Network) and some other groups with a 
focus on sustainability and climate 

•  Teaching this course is an exciting project for me.  
Thank you for being part of it, and for your patience 
and help as I navigate this change. 



My  recent  education	
•  In 2012, while on sabbatical in Spain, I attended a 

course on “Meteorology and Climatology” at the 
University of Granada 

•  This spring semester I took an MIT online course “Global 
Warming Science” taught by Kerry Emmanuel and 
others – quite inspiring and is the basis of this course 

•  Worked through a few textbooks including Atmosphere, 
Ocean and Climate Dynamics (Marshall and Plumb) – 
which recommend if you have the math background   

•  This past summer I attended a Geophysical Fluid 
Dynamics (GFD) Climate Dynamics course at Woods 
Hole Oceanographic Institute (WHOI). 



My  academic  career	
•  Majored in Chemistry and Physics at Harvard, got 

my PhD from UC Berkeley on experimental high 
energy particle physics, and did a post-doc at UC 
Santa Cruz  

•  Enormous projects with many collaborators, 
requiring $$$ and many years to complete 

•  Learned a great deal about electronics, software 
and how make measurements 

•  Also learned that I wasn’t cut out to be a theorist, 
and prefer subjects with real-world interest 



My  career  path  in  brief	
•  After leaving academia, I went into industry 

specializing in x-ray spectroscopy and other 
radiation instruments 

•  After moving to Concord, co-founded 
Innov-X Systems which made X-ray 
Fluorescence (XRF) instruments for 
elemental analysis and inspection 



Motivations  for  teaching  
the  course	

•  Convey this fascinating subject involving many 
fields (math, physics, chemistry, biology, geology) 

•  Help people to deal with the continual onslaught of 
information from news media about climate 
change and global warming 

•  Learning through teaching is a guiding principle.   
One needs to have a deep understanding to be 
able to explain the it to people at different levels  

•  I want to become a better speaker and teacher 
•  Very much appreciate your help in making this 

course a success.  Your feedback is most welcome! 



Meet  the  students	
•  Where have you been and what have you been 

doing? 
•  Where do you go to learn about science, climate, 

the environment? 
•  What preconceptions about the climate change 

and the environment do you have? 
•  How much math are you comfortable with?  Not 

calculus, but we will use some basic equations and 
graphs to illustrate how things work 

•  What are your goals in taking the class?  



Important!	
My goal is to make this as interesting and interactive 
as possible.  So please keep in mind: 
•  There are no dumb questions, except perhaps one 

which should have been asked but wasn’t 
•  Your questions will help me adapt my presentation 

to the right level 
•  It may not be obvious to me when I’m losing people 

– which I don’t want to do 
•  I’ll answer most questions during the presentation, 

but some questions I may defer to the discussion at 
the end 



Course  Outline  –  what  we  will  cover	
1)  Introduction 

o  What is climate vs weather? 
o  A little data to whet the appetite (temperature, sea level) 
o  Scientific theories and uncertainty.  Bias vs healthy 

skepticism 

2) The Earth – An introduction 
o  General features of the earth and its climate 
o  Size and position in the solar system, seasons 
o  The atmosphere, ocean, landmasses, ice-masses and 

biosphere 

3) Physics concepts: 
o  Energy – a conserved quantity 
o  Potential, kinetic and chemical energy 
o  Heat transfer: conduction, radiation, convection and 

evaporation 



Course  Outline,  cont’d	
4) The Atmosphere and its Chemistry 

o  Chemistry concepts: periodic table, molecular theory and 
the gas law. 

o  Temperature of the atmosphere with height 
o  Winds and large-scale currents and clouds 
o  Synthetic chemicals and the Ozone hole 

5) Radiation: what heats and cools the earth 
o  How much does a warm body radiate, and what 

frequencies? 
o  Spectrum of solar and terrestrial radiation 
o  Concept of thermal equilibrium – when radiated = absorbed 
o  The Greenhouse effect (how the trace gasses keep us warm) 

6) Climate Forcings and Feedbacks 
o  Concept of feedback, positive or negative 
o  Discuss IPCC summary of net forcings and their uncertainties 
o  The carbon cycle, temperature regulation of the planet 



Course  Outline,  cont’d	

7) The Ocean and its role in the climate 
o  The currents and what drives them 
o  The very long time scales for deep ocean currents 
o  The heat capacity – where might that heat be going 
o  Ocean CO2 uptake  

8) Paleoclimate – what can we learn from the past? 
o  The geologic thermostat regulating atmospheric CO2 and 

temperature 
o  Proxy measurements: how are they made 
o  Data from different time spans in the past 
o  The Milancovic cycles and ice ages  



Course  Outline,  cont’d	
9) Climate modeling - how to predict 
the future development of the climate 

o Climate modeling – how it works 
o  Results of climate models 
o How well can we trust what comes out of the 

models  

10) What the future will bring? 
o How much does it matter what we emit? 
o  Time scales for recovery 
o  Solutions for getting back on track 



Over  the  past  few  decades,  the  
world  has  warmed  by  about  0.8°C	
•  How do we know this?  How significant is it? 
•  Is it just a random fluctuation? 
•  Is it caused by human activities? 
•  What other changes has it caused? 
•  What might we expect in the decades to come? 
•  Is this all bad, or might it be a good thing?  (Not the 

subject of this course.  Why not?) 
•  What should be done about it?  (Not the subject of 

this course, except perhaps in the final session we 
will discuss what the future may bring) 



Temperature  Rising  with  
atmospheric  CO2  concentration	



The  PaRern  of  Warming	
• Most  warming  has  been  happening  over  
continents  and  over  the  northern  hemisphere	

	

Data  from  RealClimate.org,  an  online  source  of  data  and  
analysis	



The  difference  between  
“climate”  and  “weather”?	

•  Weather describes the conditions in a specific time and 
place, and how it evolves over time.  Hard to predict 
several days into the future because it is chaotic. 

•  Chaos describes a sensitive dependence on initial 
conditions for a non-linear system, with large effects 
coming very small perturbations. 

•  A linear system, in contrast, reacts in proportion to a 
stimulus: 
o  Pull twice as hard on a spring, it doubles it’s length 
o  But heat up the land by 1% (a few degrees Celcius) and 

cloudy afternoon develops a thunderstorm 



Climate  vs  weather,  cont’d	
•  Climate is the weather averaged over space and 

time, with regions and periods large enough to 
smooth out (seemingly) random fluctuations.   

•  Despite its unpredictability, weather often has 
stable patterns which can last for months or years.  
(Remember the polar vortex this past winter and 
spring and the cool summer?)  

•  In describing Climate, what time period is long 
enough to average over is not obvious, but 
generally a decade or more is useful 

•  Though this may seem obvious, it is very common 
for people to confuse them, sometimes purposefully 
(“it’s been a cold winter (here) so global warming is 
clearly not happening”) 



Example  of  time  averaging  
(graph  from  RealClimate.org)	



Measuring  temperature  shouldn’t  
be  too  difficult  (or  should  it?)	

•  Choice of which data to use and how to 
correct it has been a ‘hot’ topic, subject to 
much debate.  Concerns: 
o  Quality of data near or in cities (growing w/ time) 
o  Lack of data in the ocean (especially at depth) 
o  Evolution of techniques over time – old data vs new 

•  Different data sets may lead to different 
conclusions 

•  Data may be proprietary (problematic), best if 
freely available.  Example for viewing: 
o  NOAA (National Oceanic and Atmospheric 

Administration) – National Climatic Data Center 
web page 



Temperature  data  sets	
•  GISTEMP (NASA Goddard) 

http://data.giss.nasa.gov/gistemp/ 
Updated every month using current data from NOAA meteorological stations, 
ERSST ocean stations, and SCAR (Antarctic stations), combined as described 
in publication (Hansen et al. 2010).  

•  HadCRUT (UK) 
http://www.cru.uea.ac.uk/cru/data/temperature/ 

•  Berkeley Earth 
http://berkeleyearth.org/data 
Recent reanalysis of temperature data by group of Richard Muller (formerly 
noted climate “skeptic” 

Differ in their spatial coverage, spatial resolution, 
starting year, and degree of interpolation 
 



The  climate  has  plenty  of  natural  variability	

•  “El Niño/La Niña” – few year cycles of 
warming/cooling 

•  “Little Ice Age” – AD 1350-1850 
[0.5 deg C below Medieval Warm period] 

•  “Medieval warm period” - AD 950-1250 
[0.1-0.2 deg C below 1960-1990 average] 

•  Glacial Cycles (20,000 – 100,000 year period)  
[5 deg C cooling caused major ice sheets] 

•  Paleocene-Eocene Thermal Maximum  
[100K year duration, 20K year onset 55.8M years ago] 
 



El  Niño/La  Niña  –  the  ENSO	

•  Maps centered on the Pacific Ocean show patterns of sea 
surface temperature during El Niño and La Niña episodes. Color 
along the equator show areas that are warmer or cooler than the 
long-term average. (WHOI) 



A  long  history  of  climate  changing	

"All palaeotemps" by Glen Fergus - Own work. Licensed under Creative 
Commons Attribution-Share Alike 3.0 via Wikimedia 

Oscillating  
hot/cold	
(1M  years)	

Stable	
(12K  years)	

We will look more at climate history in week 8 



Ice  cover  during  last  ice  age	

•  A modern view of the world based on satellite imagery modified using a 
historical climate model 

•  Source data: 
Satellite Imagemap, ETOPO2 digitial terrain and bathymetry, ice cap 
extent estimates, ice age sea surface temperature estimates. 



Sea  level  rise	



Notes  on  sea-‐‑level  rise	
•  1.  20,000 years ago the ocean was down almost 

400 feet below the current sea level. This is based on 
geologic records that have been known and 
taught for the better part of a century. 

•  2.  Nearly all 130 meters of rise happened between 
15,000 years ago and about 8 thousand years ago; 
in other words over about just 7,000 years. 

•  3.  For about the last 6,000 years, sea level has 
hardly changed at all. That is about the age of our 
earliest written records, and more or less the span of 
human civilization. No wonder that we believe sea 
level to be rather fixed in place.  

•  - See more at: http://www.johnenglander.net/sea-
level-rise-for-centuries#sthash.dJDFLYuT.dpuf 



Climate  Science  Overview	
•  Not just interested in average temperature, but the 

distribution of temperatures, precipitation, cloud 
cover, wind, currents, sea level, … 

•  Described by some as most difficult scientific 
challenge ever faced (especially including political 
dimensions) 

•  Draws on numerous disciplines : Chemistry, Physics, 
Geology, Biology, Oceanography, Atmospheric 
science 

•  We will focus on the basic science concepts which 
are less subject to debate and (hopefully) accessible 
to everyone in this room 

•  The basic theory isn’t so complicated, and isn’t so 
new either… 



Historical  Background	
•  Svante Arrhenius (a Swedish Nobel laureate 

chemist) first calculated the effect of 
doubling atmospheric CO2 in 1896 

•  His result: 
•  Temperature change proportional to the 

logarithm of CO2 concentration 
•  α  is the “climate sensitivity”, the effect of 

doubling CO2 

•  Arrhenius’s result,  
a “back-of-the-envelope” 
calculation, is within the  
IPCC’s current value range 
of 1.5 to 4.5°C 

ΔT =α * ln(C /C0 )
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Historical  Background,  cont’d	

•  Arrhenius’s work based on the idea of 
Jean Baptiste Joseph Fourier (French 
physicist/mathematician) that the earth 
is kept warm by atmospheric gasses 
(the so-called ‘greenhouse effect’) 

•  In the 1820’s Fourier calculated that the 
earth ought to be colder than it is, 
given its distance from the sun 

 

Remarques  générales  sur  les  Temperatures  du  globe  terrestre  et  des  espaces  planétaires	

When  light  from  the  Sun  strikes  the  Earth'ʹs  surface  and  warms  it  up,  why  doesn'ʹt  
the  planet  keep  heating  up  until  it  is  as  hot  as  the  Sun  itself?  Fourier'ʹs  answer  was  
that  the  heated  surface  emits  invisible  infrared  radiation,  which  carries  the  heat  
energy  away  into  space.  But  when  he  calculated  the  effect  with  his  new  theoretical  
tools,  he  got  a  temperature  well  below  freezing,  much  colder  than  the  actual  Earth.  
The  difference,  Fourier  recognized,  was  due  to  the  Earth'ʹs  atmosphere.  Somehow  it  
kept  part  of  the  heat  radiation  in.  (American  Institute  of  Physics)	



Historical  Background,  cont’d	
•  At that time, chemistry was in its infancy, and 

the molecular theory of gasses was new 
•  In 1860s the Irish chemist John Tyndall measured 

the infrared absorption of the gases nitrogen, 
oxygen, water vapor, carbon dioxide, ozone, 
and methane, validating the principles behind 
Fourier’s ideas 



Arrhenius  was  prescient  
about  what  might  happen	

CO2  GHE  
calculation	

Steam  
engine	

Oil  
found	



Only  a  theory,  or  a  “Theory”?	
This loaded word can mean two things: 

a.  An untested (possibly untestable) conjecture: 
e.g. the theory of intelligent design, string 
theory, or a conspiracy theory; 

b.  A well-conceived explanation consistent with 
the scientific method, supported by 
preponderance of available data: e.g. the 
Theory of Evolution, of Plate Tectonics, of 
Relativity, Quantum Mechanics, etc. 



Keep  in  mind…	
•  A Theory gains credence when predictions are found 

to be accurate, and no contradictions are found. 
•  Not possible to prove a theory to be true, only 

disprove it by finding solid evidence to the contrary. 
•  For example, you can’t prove with certainty that the 

big bang happened, or that humans are evolved 
from apes – just beyond reasonable doubt 

•  “It’s only a theory” is something one hears regularly 
from climate deniers, though the science behind 
climate change due to the greenhouse effect is not 
a mere speculation 



Some  theories  get  more  
aRention  than  deserved	
•  Global cooling (reports from 1970s): 

o Conjecture of imminent cooling of the Earth’s 
surface and atmosphere culminating in glaciation 

o Actually had little support in the scientific 
community: 

 

Still,  “deniers”  bring  
this  up  frequently  to  
cast  doubt  on  
scientists  ability  to  
get  the  story  straight.	



Measurements  and  uncertainties	
•  Any measurement or prediction has uncertainties 
•  “Experimental errors” aren’t mistakes but deviations 

from “true” values due to statistical noise, instrument 
inaccuracies, and theoretical underpinnings 

•  Indirect “proxy” data 
very important in 
climate science, but 
necessarily less 
accurate than direct 
measurements  

•  When you look at 
data, ask yourself – 
“how accurate is that 
data?” 



Beware  of  Scientific  Bias	
•  Everyone has their biases and prejudices which color 

their perceptions 
•  When something matches your preconceptions, you 

tend to believe it, otherwise you check it again 

•  “Group think” is an issue to 
be aware of,  belief in a 
common wisdom which 
may or may not be correct.  
Is that going on here?  

•  Bias due to institutional 
politics and funding sources 
could be an issue – on both 
sides of the question 

 



Healthy  Skepticism  vs  Denial	
•  In my experience, scientists on the whole tend to have 

a healthy skepticism about such controversial topics 
(especially other peoples ideas) 

•  True skepticism is a healthy force, causing scientists to 
continually recheck their results and sharpen their 
conclusions 

•  Self identified “climate skeptics” are often deniers of 
the scientific basis of climate change, not true skeptics 

•  As you learn more about the subject, I hope you will 
keep an open mind to new information and 
alternative explanations.   



Congratulations  for  choosing  this  course,  
which  I  hope  will  be  a  rewarding  endeavor    	

Though  the  
results  may  seem  
dismal  at  times,  
take  heart  in  the  
fact  that  the  
world  and  its  
workings  are  
wonderful  to  
behold	



Climate  change  and  global  
warming,  source  material	

 What We Know About Climate Change, Kerry 
Emanuel, 2007, 85 pp, MIT Press. (basic concepts) 

 Earth: The Operators Manual, Richard B. Alley, 
2011, 470 pp, W.W.Norton and Co. (Part II on 
science) 

 Storms of My Grandchildren, James Hanson, 
2009, Bloomsbury Press (Hanson being an activist as 
well as a pioneer in the field of climate science) 
 
Any others that you could suggest? 



Climate  change  source  material:    
College  level  texts	

•  Atmosphere, Ocean and Climate Dynamics, 
An Introductory Text, John Marshall and R. 
Alan Plumb, 2008, Academic Press. 

•  Atmospheric Chemistry and Physics, 2nd Ed, 
John H. Seinfeld, and Spyros N. Pandis, 2006, 
1200 pages, Wiley Interscience. 

•  Consider a Spherical Cow – A course in 
Environmental Problem Solving, John Harte 
(UCBerkeley), 1988, 280 pp, University 
Science Books. 

 



Climate  change  source  material:  
Web	

•  Intergovernmental Panel on Climate Change 
(IPCC)  
o  In progress: 5th assessment report 
o  2013 report: The Physical Science Basis 
o  Summary for Policy Makers 

•  National Climate Assessment 2014 from the National 
Academy of Sciences 

•  RealClimate.org – from “working climate 
scientists” (or scientist-advocates) – extensive 
source of data 



Note  on  Web  Sources	
•  Be aware that web resources can be full of biased 

opinions, misleading and incorrect data 
•  You can find much data confirming any point of 

view you choose to look for 
•  Also Google may know what you believe and 

present you the information it thinks you want to see 



Homework  (optional)	
•  For a scientific overview, read the book What We 

Know About Climate Change by Kerry Emanuel (MIT). 
o  Bring some questions to ask, and we’ll try to cover them   

•  Watch the YouTube video Earth, the Owners Manual 
by Richard Alley (Penn State) 
o  What part of the video was most interesting?   

•  Explore one of the websites with temperature data, 
and make a graph of temperature vs time in this or 
some other region 


