
Review for First Exam

AOSC 433/633 & CHEM 433/633

Ross Salawitch

Class Web Site: http://www.atmos.umd.edu/~rjs/class/spr2013

Today:

• Albedo feedback (briefly)

• Our climate model (slowly so can be understood )

• Review of highlights, first 8 lectures

• Last year’s first exam

Note: Problem Set #2 Review, Monday, 25 Feb, 6:00 pm, this room,

led by Allison 

21 February 2013
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Radiative Forcing

Question 1.1, IPCC, 2007

Radiative Forcing of Climate is Change in Energy

reaching the lower atmosphere (surface to tropopause) as GHGs rise.

“Back Radiation” is most important term.
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Another Satellite Measurement of Albedo

Pinker, Science, 2005
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Another Satellite Measurement of Albedo

Pinker, Science, 2005
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Albedo vs Time: Synthesis (a mess )

Charlson, Valero, Seinfeld, Science, 2005.

∆FPinker = 2.88 W m 2

This corresponds to an albedo change of:

S = 1370 W m 2 / 4 = 342.4 W m 2

2.88 W m 2 / 342.4 W m 2 = 0.0084 or 8.4 × 10−3

That is, this rise Pinker’s measurement corresponds to an albedo

decrease of  ~ 8 × 10−3
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Albedo vs Time: Synthesis (a mess )

Charlson, Valero, Seinfeld, Science, 2005.

To date, the results from different measurement and modeling

approaches are inconsistent … the magnitudes of the inconsistencies

exhibited by both measurements and models of albedo changes are

as large as, or larger than, the entire GHG effect when compared in

terms of the albedo change equivalent [of this forcing]

See Slide 17, Lecture 8, for albedo change equiv of 2.4 W m 2 forcing
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= 0.4 W m 2

= 1.4 W m 2

= 1.0 W m 2
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Much harder to predict future than understand the past !
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Year

Human Forcing =  GHG + Aerosol Forcing

°

Scenario 1 :

Aerosols have weak net cooling.

If so, future clean up  doesn’t

matter much for climate, but

matters a lot for air quality!

T 1.0

Mascioli et al., ACPD 2012
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Much harder to predict future than understand the past !

9
Copyright © 2013 University of Maryland. 

This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch or Tim Canty.

Year

←
∆T

e
m

p
e
ra

tu
re

 (
°C

)
→

Scenario 2 :

Aerosols have strong net cooling

& there will be a concerted

effort for future clean up !

Year

Human Forcing =  GHG + Aerosol Forcing

T 1.65

Mascioli et al., ACPD 2012
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Much harder to predict future than understand the past !
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Scenario 2 :

Aerosols have strong net cooling

& there will be a concerted

effort for future clean up !

This will “unleash” GHG warming

Year

Human Forcing =  GHG + Aerosol Forcing

T 1.65

Mascioli et al., ACPD 2012
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Predicting future and understanding past are linked
Mascioli et al., ACPD 2012

If we could better quantify NAA RF (net anthropogenic aerosol RF) for contemporary atmosphere, 

we would gain a handle on magnitude of future warming !
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Much harder to predict future than understand the past !
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Mascioli et al., ACPD 2012IPCC discussed in Lecture 7

RF Due to Anthro. Aerosols
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Greenhouse Effect
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Radiative Forcing of Climate, 1750 to 2005
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GWP − Global Warming Potential

time final

CH4 4

time initial
4 time final

CO2 2

time initial

[CH (t)] dt

GWP (CH )

[CO (t) dt]

a

a

×
=

×

where:

aCH4 = Radiative Efficiency (W m−2 kg −1) due to an increase in CH4

aCO2 = Radiative Efficiency (W m−2 kg−1) due to an increase in CO2

CH4 (t) = time-dependent response to an instantaneous release of a pulse of CH4

CO2 (t) = time-dependent response to an instantaneous release of a pulse of CO2
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GWP − Global Warming Potential
SAR: Second Assessment Report (issued in 1995)

from IPCC 2007 “Physical Science Basis”

Time constant of 172.9 years dominates
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Review of Dipole Moment

Electric dipole – charge distribution with two regions of equal and opposite sign

Dipole moment – the magnitude of the charge multiplied by the distance between 

charges.  Direction will be toward positive charge.

Magnitude depends on electro-negativity of individual atoms

H+ O−

H+

H+ Cl−

Asymmetric stretchSymmetric stretch

O OO O
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C+ C+

DM = 0DM = 0

O O O OC+ C+

DM = 0 DM =

Absorption vs. Wavelength

Gray shaded region denotes

normalized absorptivity.

Atmospheric window (~ 7−12 µm): wavelength

range that is “transparent” to outgoing radiation.

Masters, Intro. to Environmental Engineering and Science, 2nd ed.
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Ozone Depletion and Halocarbons

ODP (species " ") =i

3

3

global loss of O  due to unit mass emission of " "

global loss of O  due to unit mass emission of CFC-11

i

where :
is the global atmospheric lifetimeτ

 is the molecular weightMW

 is the number of chlorine or bromine atomsn

 is the effectiveness of ozone loss by bromineα
relative to ozone loss by chlorine

α =  60 

Br Cl CFC-11

CFC-11

( + )

3

i

i

n n MW

MW

α τ
τ

≈

continuous

Halons (anthropogenic halocarbons

containing bromine) much worse for ozone

than CFCs (anthropogenic halocarbons

containing chlorine)
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Ozone Depletion and Halocarbons

ODP (species " ") =i

3

3

global loss of O  due to unit mass emission of " "

global loss of O  due to unit mass emission of CFC-11

i

where : 
is the global atmospheric lifetimeτ

 is the molecular weightMW

 is the number of chlorine or bromine atomsn

 is the effectiveness of ozone loss by bromineα
relative to ozone loss by chlorine

HFCs (anthropogenic halocarbons

containing only fluorine, carbon, and

hydrogen) and thus pose no threat

to the ozone layer

Br Cl CFC-11

CFC-11
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Link Between Ozone-Depleting Substances (ODS) and Climate Change

Most ozone depleting

substances have  a

significant “GWP”

GWP weighted emissions of CO2

GWP weighted emissions of CFCs,

without early aerosol propellant ban

(i.e., no ban on CFCs)

GWP weighted emissions of CFCs,

without Montreal Protocol

Velders et al., PNAS, 2007

Twenty Questions and Answers About The Ozone Layer: 2010 Update (WMO, 2010)

ODS

Actual

First Exam

– Tuesday, 26 February, 2:00 pm to 3:15 pm, Room CSS 2416

– 7 questions (multi-part)

– Closed book, no notes

– Conceptual questions that will not require a calculator

– Just you, a writing implement, and the exam booklet

– Backbone of course is the lectures; exam questions may draw upon material

from the readings that has been emphasized in lecture

– We will be present: please let us know if a question requires clarification

If so, we’ll announce to entire class 
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Final Exam Preparation Advice

− Review lectures, admission tickets, and learning outcome quizzes

− Best to not pull an all-nighter trying to do all of the readings and memorize

every last detail: better to show up well rested 

− Students who have completed the readings and absorbed the material

will get more out of any course than students who skim the readings;

students who have kept up with the readings should “relax” as they

prepare for the exam

– The decision to have 2 “in class” exams is responsive to student feedback from

early years of this class, which had only a mid-term

− We hope students are motivated by a desire to understand how humans are

impacting atmospheric composition and climate … in addition perhaps

a desire for a particular grade 
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