
Atmospheric Sciences 321 
Science of  Climate 

Lecture 26:  
Human-Induced Climate Change:  

Chapter 12:  Part 1  



Community Business 
Current Topic is Chapter 12, Anthropogenic Climate 
Change 

�  Homework #9, Chapters 11&12, Due Friday 

�  Two lectures left after today 

�  Final Wednesday June 10,  
2:30-4:20 

�  Questions? 



�  UW men’s crew wins fifth straight National Title! 

UW Crew Wins  
5th Straight National Title 



Tour de Cure Century 



Time to do online Course 
Evaluation 

�  here open now as of  June 1, 2015,  

�  Closes June 8, so please take time to provide 
feedback. 

�  https://uw.iasystem.org/survey/143803 



Hints on HW 12.4 
�  a)  First you need the irradiance associated with the 

ozone absorption.  Go back to (3.38) 

�  You need to solve for dF in Wm-2. 

�  Next take this heating and put it into (12.1) and solve 
for the emissivity 

�  b)  Use (12.2) to solve for the new temperature.  It 
should be less than 280˚K 
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From Last Time 
�  Orbital Parameter Theory rocks the house in terms 

of  explaining the timing of  glacial maximum and 
interglacial timing over past million years or so 

�  Key parameters are obliquity and the precession 
parameter  

�  Effect of  eccentricity on annual mean is small, so it 
must work its influence through the seasons to 
explain 100 kyear peak.  Seasonal influence make 
sense in terms of  ice buildup and decline. 

  precession = esin(Λ)



New Topic: Human-Induced 
(Anthropogenic) Climate Change 

�  The Earth is big, how can humans have an impact? 

�  How can ants cause a house to fall?  We’re 
numerous and industrious and develop to consume  
available resources – like a virus, but we’re sentient, 
in some important ways, and that should matter.   



Climate Forcing 

�  At this point we know how the climate system 
works, starting with radiative-convective equilibrium 
and working toward the general circulation, the 
hydrologic cycle and weather. 

�  Climate has been similar for the past 8000 years or 
so.   

�  How are humans perturbing the climate system? 



A.  Long-Lived Greenhouse Gases 
�  These have lifetimes greater than decades and so 

are well-mixed in the atmosphere up to the 
homopause. 

�  They are greenhouse gases because they absorb 
terrestrial radiation. 

�  We do not count water vapor as a forcing, since it is 
under the control of  nature on very short time 
scales of  less than a year, but its abundance will 
respond to temperature changes caused by 
humans, or any other forcing source. 

�  Other long-lived greenhouse gases can be 
significantly changed by human activities. 



A.  Long-Lived Greenhouse Gases 
�  #1  Carbon Dioxide has increased by 40% (factor of  

1.4) since 1750 because of  fossil fuel burning and 
cement manufacture. 

�  #2  Methane has increased by 150% (factor of  2.5) 
since 1750 because of  agriculture, mining, etc.. 

�  #3  Halocarbons are completely human-made and 
do not occur naturally.  They are currently about 
equal with methane increases as an anthropogenic 
forcing of  climate change. 

�  #4  Nitrous oxide has increased about 20% since 
1750, mostly as a result of  agriculture (artificial 
fertilizer). 



Pictures of  LLGHGs 
�  Carbon dioxide continues to go up at about 2 ppm/

year.  Growth rate varies with ENSO, huge forest 
fires, economy, etc. 
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Pictures of  LLGHGs 
�  Methane CH4 is the most different from pre-

industrial times (2.5X), but it reached equilibrium 
about 2000, and then started going up again in 
2009. 

!



Pictures of  LLGHGs 
�  Nitrous Oxide N2O just keeps going up as we make 

more and more artificial fertilizer and juice 
agriculture. 



Pictures 
of  

LLGHGs 
�  Halocarbons 

CFC-11 and 
CFC-12 were 
regulated to save 
the ozone layer, 
but things we 
substituted for 
them are growing 

!



Aerosols 
�  Humans produce aerosols of  many types 

�  Sulfuric acid aerosols in the troposphere from 
burning coal and petroleum containing sulfur. 

�  Soot aerosols from burning carbonaceous materials 
(diesel, wood, coal) 

�  Photochemical smog from NOx from cars and 
organic carbon of  various types. 

�  Dust from soil disturbance. 



Aerosol Effects 
�  1.  Aerosols can reflect solar radiation and absorb 

IR directly 

�  2.  Aerosols can cause clouds to change their 
optical properties or lifetimes 
�  First indirect effect – more CCN, more particles, more 

reflective clouds 
�  Second indirect effect – more CCN, smaller particles, 

less likely to rain out 
�  Semi-Direct effect – absorbing aerosols like black 

carbon can heat the air and disispate clouds 



Anthropogenic Aerosol Change 

�  Aerosols don’t last more than a week or two in the 
atmosphere before they are rained out or dry 
precipitated 

�  So human-induced trends depend on  nearby 
sources and week-to-week or day-to-day variations. 

�  Aerosols have decreased in North America and 
Europe due to controls on power plants and cars, 
and have increased in East Asia due to industrial 
growth and more cars. 



Aerosol Plume from USA 



Aerosols 
Optical 

Depth Trends 



Temperature Trends with Height 

�  We expect 
increasing CO2 to 
warm the surface 
and troposphere 
and cool the 
stratosphere. 

�  We definitely see 
that 

!

What are 
these 
Peaks? 



Stratospheric Cooling 
�  We know about the greenhouse effect, so we know 

why CO2 and other greenhouse gas increases 
should increase the surface and troposphere. 

�  Why does the stratosphere cool? 

�  The stratosphere is in radiative equilibrium between 
absorption of  solar radiation by ozone and 
emission of  longwave radiation by CO2.   

�  Then if  we increase the CO2 we increase the 
emissivity of  the air, which should emit more 
energy at the same temperature, and then if  the 
ozone has not change, the air should cool.  Easy! 



Stratospheric Cooling 
�  Let’s do the math.  Suppose we have a chunk of  air 

up in the stratosphere. 

�  It has an emissivity   that 
depends on the CO2 
concentration and the  
emission cross section 
for CO2, which is assumed 
to be known and constant. 

�  Then we can do the balance for this sliver of  air. 

ε
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4



Stratospheric Cooling 
�  Coming up to the sliver of  stratosphere is the OLR, 

which we write as depending on the emission 
temperature 

�  It is simple to solve for the  
equilibrium temperature of  this layer, which shows 
that the temperature must decrease as the 
emissivity increases. 
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Model Responses 
�  1-D radiative convective model and GCM do the 

same thing, warm troposphere and cool 
stratosphere when CO2 is increased. 



Forcing by Humans 
up to now 

�  Its about +2.2 Wm-2  Total 

�  Greenhouse gases  +2.8 Wm-2 well known 

�  Aerosols  ~ –0.8 Wm-2  very uncertain 

�  Plus a bunch of  other minor players 



Forcing by Humans 
up to now 

�  Its about +2.2 Wm-2  Total 

�  Greenhouse gases  +2.8 Wm-2   



Forcing by Humans 
up to now 

�  Uncertainty Estimates   



Forcing Detail 



Transient Response 
Simple 1-D ODE Model 

�  Storage = –anomalous cooling + forcing 

�  Use integrating factor of        to find solution to 
ODE. 

�  Note that time scale for this problem is the product 
of  heat capacity c and climate sensitivity  
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Transient Response 
Simple 1-D ODE Model 

�  Now we just need to pick some simple functions for 
Q for which we can do the integral.  

�  The first one is a switch on, where Q is just a 
constant and the initial condition is T’ = 0. 

�  This is an exponential relaxation to the equilibrium 
value of   

  
′T = et /τ R c−1

0
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Transient Response 
Simple 1-D ODE Model 

�  Next lets try a linear increase of  forcing.  

�  for which we obtain the solution 

 

�  After a few relaxation time scales the exponential 
goes to zero and we get a long-term solution of  

�  So it lags the forcing by the time scale  

  

Q =
0, t ≤ 0
Qt t, t > 0

⎧
⎨
⎪
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  ′T = λRQt{t +τ R(e− t /τ R −1)}

  ′T ≈ λRQt{t −τ R}

 τ R = cλR



Switch-On Response 

�  Switch on 
Response 

�  low sensitivity, low 
heat capacity 

�  High sensitivity, 
high heat capacity 

The “observed” warming is similar  
for the first 25 or 30 years 



Transient Response 
Simple 1-D ODE Model 

�  Lessons learned 
�  1)  The time scale of  the response depends on the 

product of  heat capacity and climate sensitivity.  So 
the more sensitive climate takes longer to reach its 
larger equilibrium response to a given forcing. 

�  2)  The response also lags behind the forcing by the 
same time scale.  

 

  ′T = λRQt{t +τ R(e− t /τ R −1)}

  ′T ≈ λRQt{t −τ R}

 τ R = cλR



Linear increase 

�  CO2 doubling in 70 
years 

�  low sensitivity, low 
heat capacity 

�  high sensitivity, high 
heat capacity 

The “observed” warming is similar 
 for the first 50 or 60 years 



Summary 
�  You should soon understand the science of  global 

warming well enough to explain it at a cocktail 
party with some authority 

�  You have enough information to easily do the 
homework for Chapter 12. 

�  Wednesday:  Detection and Attribution! 



Thanks! 


