
Atmospheric Sciences 321: 
Science of  Climate 

Lecture 1 
An overview of  the physical climate system for 

undergraduate science majors 

http://www.atmos.washington.edu/~dennis/321/ 



Outline 
�  1.  Intro to the climate system 

�  2.  Global Energy Balance 

�  3.  Radiative transmission, 1-D model of  Climate 

�  4.  Surface Energy Budget 

�  5.  Water and the Hydrologic Cycle 

�  6.  The General Circulation of  the Atmosphere 

�  7.  The Ocean and Climate 



Outline:  Continued 
�  8.  Climate Variability 

�  9.  History and Prehistory of  Climate 

�  10. Climate Sensitivity 

�  11.  Modeling the Climate 

�  12.  Natural Climate Change Ice ages 

�  13.  Human-induced Climate Change 



Course Method 
�  Read the book 

�  Lectures and Class Discussion 

�  Homeworks 

�  Quizzes and Exams 



Grading 
�  Homework   20% 

�  Class Participation  5% 

�  Quizzes    20% 

�  Mid-Term Exam  20% 

�  Final Exam   35% 

�  Total    100% 



Homework Problems 
�  Homework Etiquette: 

�  0. Get help from me or your classmates if  you have trouble doing a 
problem. Homework is an opportunity to learn, not an examination. It is 
a test of  your willingness to work, however. 

�  1. Include all your work. 

�  2. Write legibly, neatness helps. 

�  3. Include all units. 

�  4. Answer all parts of  the question, including discussion. 

�  5. Put your final numerical answer(s) in a box with units. 

�  6. Put your name on all pages. 

�  7. Fold your paper lengthwise and put your name on the outside. 



Homework 
�  Check homework assignments on the class web 

page. 

�  Here are the rules for Homework!  

�  #1. _ 3/30/15: due Wednesday 4/8/15 

�  1) Study Chapters 1 & 2 of Global Physical 
Climatology (GPC) 

�  2) Do problems 2 & 3 on page 17 of GPC, and 
problems 2, 3, 6, 7, & 8 on page 39 of GPC. In 
problem 7 ignore eccentricity and assume the 
atmosphere is transparent. 



Why Understand Climate? 
�  It’s amazing how it works, and it is a beautiful 

system.  We understand a lot, but are learning 
more all the time 

�  The climate is changing 
�  It has changed due to natural processes in the past 
�  It is changing because of  human activities, mostly 

greenhouse gas emissions 

�  It will change significantly during your lifetime 
�  This will have impacts with risks and opportunities 



Surface Temperature 



Surface Temperature 



Surface Temperature 



Global Mean Surface Temperature 

�  It’s increasing, 
but not so 
much very 
recently. 

�  Is this real or 
noise? 
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GISS Global Temperature Record − 1 − 12

1901 to 2012 trends  90%  0.083 +−0.012  dof = 27.9
1998 to 2012 trends  90%  0.069 +−0.083  dof = 15.0
2003 to 2012 trends  90%  −0.013 +−0.120  dof = 10.0



The Hiatus 
�  Something funny happened around 1998 El Niño. 

Hemisphere 
Spread 



Projections of  Future Warming 
Scenario:  Greenworld à Business as Usual 

T
im

e à
 



Vertical Structure of  Temperature 

Please explain 
the ups and 
downs of  this 



Vertical Structure of  T 

Why is the 
tropopause so 
much higher 
and colder in 
the Tropics? 



Why is the vertical structure 
of  temperature important 

�  Large lapse rates are less stable to vertical motion 

�  Small lapse rates or temperature inversions are 
very resistant to vertical mixing 

�  The greenhouse effect requires a positive lapse rate 
(decrease of  temperature with altitude) 

�  We like snow in the mountains. 



Arctic Temperatures 

Polar Inversion 

Tropopause 

Stratosphere Why the 
Polar 
Inversion? 



Full Zonal Structure - DJF 

Where is the coldest place in the atmosphere? 
Where is the warmest place in the troposphere/stratosphere? 



Full Zonal Structure - JJA 

Where is the coldest place in the atmosphere? 
Where is the warmest place in the troposphere/stratosphere? 



Full Zonal Structure 

Where is the coldest place in the atmosphere? 
Where is the warmest place in the troposphere/stratosphere? 



Zonal Structure of  Change 



The Hydrostatic Relationship 
�  When the force of  gravity just balances the vertical 

pressure gradient force this is hydrostatic balance, 
which is very closely followed on longer time and space 
scales. 

�  Note that this means that the mass of  air per square 
meter above a level is just the pressure divided by g = 
the acceleration of  gravity. 

 

�  If  the pressure is 105 Pascals, then there are 104 
kilograms of  air per square meter in the column of  air 
above. 

    
g =−

1
ρ

dp
dz

   
dm≡ ρdz =

−dp
g



The Hydrostatic Relationship 
�  When the force of  gravity just balances the vertical 

pressure gradient force this is hydrostatic balance, 
which is very closely followed on longer time and 
space scales. 

�  If  we assume the perfect gas law, assume T is 
constant, and define the scale height H, 

�  then 

�                                     and 

    
g =−

1
ρ

dp
dz

   
H =

RT
g

= scale height

  

dp
p

=−
dz
H    p = pse

−z/ H



Mass vs Height 

Why is the 
scale 
height of  
water 
vapor less 
than that 
of  air? 



Water vs Height 
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Where is most of  the water vapor? 



Saturation Vapor Pressure  
vs Temperature 

Clausius-Clapeyron Relationship – Saturation vapor pressure 
depends exponentially on Temperature 



Clausius-Clapeyron 
�  The saturation vapor pressure es depends only on 

Temperature! 

�     is the specific volume of  vapor and      of  liquid, 
respectively, T is temperature, L is the specific heat 
of  vaporization, 2.5 x 106 J kg-1. 

des
dT

= L
T (α v −α l )

α v α l



Scaling Clausius-Clapeyron 
�  The saturation vapor pressure es depends only on 

Temperature! 

�   We can manipulate this a little, to show. 

�  Where r turns out to be about 20, so for a 1% change in 
temperature, we get a 20% change in saturation vapor 
pressure and specific humidity q, or 7% per degree C or 
K, a strong factor in climate change. 

des
dT

= L
T (α v −α l )

Δq*

q*
= Δes

es
= L

RvT
⎛
⎝⎜

⎞
⎠⎟
ΔT
T

= r ΔT
T  

q ! 0.622 e
p



Ocean Temperature  
�  The ocean is hot at the top, has a mixed layer and a 

seasonal and permanent thermocline 



Ocean Salinity 
�  Ocean density depends on both Salinity and 

temperature. Salinity varies at the top. 



Land Distribution 
�  The land and ocean are different in their effects on 

Climate. 

[Fig. 1.13] Fraction of  surface area covered by land as a function of  latitude 
(solid line) and contribution of  each latitude belt to the global land surface 
area (dashed line). 



Topography – Elevation of  Land 



Thanks! 


