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Outline of Lecture

* What is climate change?

* Greenhouse gases
 What are they?
* Global trends
* Top emitters

 Stock rather than a flow pollutant

e But is climate change real?
* Addressing misconceptions

* Role of economics



The Greenhouse Effect




Two Extreme Environments

Our Moon Venus
* No atmosphere * CO, accounts for 96.5% of
* No greenhouse effect Venus’s atmosphere

* 0.04% Earth
* Temperature varies from -200° F . on =ar
(night) to +240° F (day) * Higher pressure (92x Earth)

_ , makes CO, more absorbing
* No atmospheric buffering of

temperature  Surface temperature of 850° F



A Delicate Balance

* Greenhouse gases in the atmosphere trap
some of the solar energy warming the
planet

* Balance of incoming and outgoing energy \&
leads to equilibrium planetary heating

* Warmth akin to the level of water in a leaky — >
bucket with water constantly being added at S R
just the right rate s B, i

 Adding greenhouse gases to atmosphere
akin to reducing the size of the leak out of . ... .o
the bucket hole at a constant rate ~— =

* Level of water in bucket rises
* Planet warms




Overview of Concepts Covered

GHG’s Accumulate Increased Energy Increased

in Atmosphere Retention Temperature

GHG Concentrations Radiative Forcing
(PPMv) (Watts per Square @ Degrees Celsius (C)
(CO,e) Meter)




Radiative Forcing

* Measured in watts per square meter
* Typically measured relative to 1750

* As greenhouse gases accumulate...
e Radiative forcing goes up...
* More heat trapped on the earth...
* Warming occurs

: 2011
Total anthropogenic

RF relative to 1750 1980

1950

I
|
I
I
|

-1 0 1 2 3
Radiative forcing relative to 1750 (W m2)

IPCC AR5 WGI SPM



Forcing as of 2011

IPCC AR5 WGI TS-06

Anthropogenic

Natural

Radiative forcing of climate between 1750 and 2011 ¢, fidence
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Radiative Forcing: Implications

* Forcing is already happening

* It is only going to increase in a business as usual
world

* Implications for climate?

Forcing in 2100 . Projected Global
Compared to 1750 Climate Temperature Increase
p(Wm_z) Policy by 2100 from 1986-
Value in 2011: 2005 (°C)

2.3 W/m? 2.6 Mitigation 1.0 | 03tol7
4.5 Stabilization 1.8 1.1t0 2.6

6.0 Stabilization 2.2 1.4t03.1

8.5 No Policy 3.7 2.6t04.8

IPCC AR5 WGI Figure SPM.2 and Box SPM.1



Greenhouse Gases

e Carbon dioxide
* Methane (CH,)
* Nitrous Oxide (N,0)
e Other Gases
* Halocarbons

e Fluorocarbons (HFC’s, PFC’s)
* Sulphur hexafluoride (SF)



Global Warming Potential

* GHG's differ in impact and persistence in atmosphere

* Global warming potential (GWP) converts gases into a “carbon dioxide
equivalent”

* GWP measures the amount of forcing from CO, equivalent to one unit of a
GHG

« GWP depends on the time period over which the comparison is made
* GWP over 100 years typically reported

* No theoretically correct measure — GWPs are not exchange rates



A Problem with GWP’s

* Consider two gases:
* Gas 1 has high initial forcing and a high exponential decay rate
* Gas 2 has low initial forcing and a lower exponential decay rate
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Instantaneous}

Forcing versus Damages Forcing

S

GWPiSZ j Fie_piSdS
0 Real Damage
Multiplier
Global Damage
[ Potential }x S
GDP;s = f (Fie™PiS)D(Atg, 1, s)ds
0

Function of
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Change and

Discount Rate
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Damages and Temperature Change
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Global Warming Potential

Lifetime (years) GWP,, GWP, 4,
CH,b 12.4° No cc fb 84 28
With cc fb 86 34
HFC-134a 13.4 No cc fb 3710 1300
With cc fb 3790 1550
CFC-11 45.0 No cc fb 6900 4660
With cc fb 7020 5350
N,0 121.0° No cc fb 264 265
With cc fb 268 298
CF, 50,000.0 No cc fb 4880 6630
With cc fb 4950 7350

IPCC AR5 WGI Table 8.7

Climate change
feedback

|
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IPCC AR5 Synthesis Figure 1.07

Greenhouse gas emissions by economic sectors

Electricity
and heat production Energy
25% 1.4%
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24% t
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— Transport
Transport : 49 Gt CO,-eq 0.3%
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Indust
21% ry— Buildings
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Other
energy J
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0.87%
Direct GHG emissions Indirect CO, emissions
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EPA (2018) — Forestry and Land Use Not Included

US Emissions: 2016

M Residential
® Commercial

M Industrial

© Transportation
M Agriculture
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Global Emissions Breakdown in 2010

Global Greenhouse Gas Emissions by Gas

F-gases 2%

Methane
16%

Carbon Dioxide
(fossil fuel and industrial

Carbon Dioxide processes)
(forestry and other 65%
land use)

11%

EPA Based on IPCC AR5 WGIII Figure TS. 1



Global Emissions Trends

Total Annual Anthropogenic GHG Emissions by Groups of Gases 1970-2010

= +2.2%lyr
g; 2000-10
o
b
O 50
2
2
4
E
w
Qa0
o
30
20
Gas
B F-Gases
W N
10 | CH,
M co,Foy
[ €O, Fossil Fuel and
Industrial Processes

1970 1975 1980 1985 1990 1995 2000 2005 2010 2010

IPCC AR5 WGIII Figure TS. 1



Global CO, Emissions: 1751-2014

CDIAC, ORNL (2017)

Fossil Fuel Burning, Cement Production and Flaring
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China and USA: Top Emitters
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Top 20 Emitters: 2014

ROW, 23%

France, 1%
Thailand, 1%

Italy, l%k‘

S. Korea, 2%

Iran, 2%
Germany, 2% /

Saudi

Arebia, 2% Japan, 3%

CDIAC, ORNL (2017)

Australia, 1% e _7
United Kingdom, 1% -
Indonesia, 1%
Mexico, 1%
Alrcl;)a' Canada, 1%// Y
|

Russia, 5%

India, 6%

Ve

China, 28%
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A Global Externality

 Stock of GHG’s matter for climate change
* Global, not local, pollutant
* Emissions persist for very long time in atmosphere

Some of Henry
Ford’s CO, from his
first ride in 1908
still up there
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Carbon Dioxide Concentrations: 1960 - 2018

430

410
The Keeling Curve

w
Vo]
o

w
~
o

w
w
o

Sawtooth pattern reflects
Northern Hemisphere take-up
of CO, by summer foliage

w
=
o

Carbon Dioxide Concentration (ppmv)
%
o

290 Pre-Industrial Age }
Level

270
1960 1970 1980 1990 2000 2010 2020

NOAA (2019) »



Forcing, CO,, and Temperature

A simple relationship between CO, concentrations and warming:
S
50

AT — change in temperature fromtime Otot
¢ — equilibrium climate sensitivity (ECS)
St — CO, stock (ppm) in year t

where

Note: ~270 ppm in 1750



Equilibrium Climate Sensitivity

* ECS measures the amount of
annual mean global surface
temperature increase for a
doubling of atmospheric CO,
concentration

* ECS not known with precision
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Transient Climate Response

* Warming response to a
linear doubling of CO,
concentrations over a 70
year period

e Also uncertain

Probability / Relative Frequency (°C™)
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Gillett ot al (2013)

Tung &t al (2008)

Otto et al (2013) —— 1970-2009 budget
Ofto et al (2013) —— 2000-2002 budget
Rogelj et al (2012)

Harris et al (2013)

Mainshausen ot al (2009)

Knutti & Tomassini (2008) expert ECS prior
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Recent Data:; 1850 - 2018
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Averages Mask Significant Variation

Temperature A1B: 2080-2099 DJF

'C
00511522533544555566577.5 (e

Temperature_ A1B: 20_80-2[}99 JJA

("C)
IPCC (2018) 005115225335445565665775

Winter, N. Hemisphere

Summer, N. Hemisphere
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Impacts Go Beyond Temperature

Global Average Sea Level Change
(Relative to 1880)
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Tide gauge data
T Tide gauge data upper & lower
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95% confidence interval
Satellite data

Sea level change
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globalchange.gov
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Increasing Climate Extremes

Percent (%)
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Impact of Increased Stock of CO,

* Radiative Forcing and it’s analogue in the stock of
carbon dioxide by the end of the century

!

Forcing in 2100 Climate co, Projected Global
Compared to 1750 Policy Equivalent | Temperature Increase
(Wm-2) (PPm) | from 1986-2005 (°C)
2.6 Mitigation 475 1.0 0.3to 1.7
4.5 Stabilization 630 1.8 1.1to0 2.6
6.0 Stabilization 800 2.2 1.4to0 3.1
8.5 No Policy 1313 3.7 2.6t04.8

IPCC AR5 WGI Figure SPM.2 and Box SPM.1



Can We Limit Temperature Increase to 1.5°C?

Global warming relative to 1850-1900 (°C)

2.0 -
15
Observed monthly global
mean surface temperature
Estimated anthropogenic
104 warming to date and 7
likely range ,
‘ | gl ' Likely range of modeled responses to stylized pathways
: ” [[]Global CO2 emissions reach net zero in 2055 while net
T non-CO: radiative forcing is reduced after 2030 (grey inb, c & d)
0o L mFaster CO: reductions (blue in b & ¢) result in a higher
probability of limiting warming to 1.5°C

[INo reduction of net non-CO:2 radiative forcing (purple in d)
resultsin a lower probability of limiting warming to 1.5°C

Ly
Y

0 1
T T T T T T 1
1960 1980 2000 2020 2040 2060 2080 2100

IPCC 1.5 Degree Report (2019)



Emission Reductions Required

b) Stylized net global CO2 emission pathways ¢) Cumulative net CO2 emissions

Billion tonnes CO:z per year (GtCOz/yr) Billion tonnes CO2 (GtCO2)
60 -
50 - CO2 emissions 3000 -
~ decline from 2020 !
40 4 toreachnetzeroin ' S
2055 or 2040 5000 o
7 Cumulative CO2
20 - emissions in pathways
1000 - reaching net zero in
2055 and 2040
10 A
¢ - . 0

L] T i i T T T T T T 1
1980 2020 2060 2100 1980 2020 2060 2100

IPCC 1.5 Degree Report (2019) 34



Is Climate Change a Real Problem?

* Some question the science behind climate change
* As academics, we should be able to consider and address some of
these arguments

* Keep in mind that we are economists, not climate scientists

* Not our role to defend climate science
e But understanding a few of the main arguments may be helpful



1. “The climate is always changing”

Vostok and Keeling data
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2. “GHG’s are a trace element”

10%
9%
8%
7%
0.04%
6%
5%

4%

CO2 Concentration (Percent)

3%
WHO safe levels of

2% cyanide in drinking water
is 500 ppm (0.5%)
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0%
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3. “The climate is cooling”
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3. “The climate is cooling”
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4. “What climate change? It’s freezing outside!

Changes in the Arctic

NORMAL CIRCUMSTANCES ARCTIC WARMS FASTER THAN HOW CLIMATE CHANGE
Strong polar vortex and jet LOWER LATITUDES DISRUPTS THE POLAR VORTEX
stream trap freezing air in Polar vortex and jet stream _—
the Arctic and warm air in weaken, so Arctic air moves south ) Arctic
lower latitudes and warm air moves north oot
— faster than
Strong jet stream  Strong polar Polar vortex Jet stream — Tropics
(air currents) vortex weakens slows and »
(polar wind) meanders
pE e o - Arctic
- Q, ) - ,Q_ _j { (2] - O\ Thereis a
/ ‘ ‘ \y 5 gf . smaller
: : - —r—— difference
,°'. L in air pressure
Tropics

Polar vortex

o‘ic\ld

k/\ _/\‘j
T— jet stream

weaken

Source: AFP STRAITS TIMES GRAPHICS



5. “What’s the big deal: 1.5 or 2.0°C?”

IPCC (2018)

1.5°C increase

2.0°C increase

Sea ice remains during most
summers

Ice-free summers 10x more
likely

~14% of global pop’n
exposed to hot days

~37% of global pop’n
exposed to hot days

Coral reef decline of 70-90%

Coral reef decline exceeds
99%




6. “Why should we act? Our emissions aren’t growing:”
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Why should we act?
- Historic responsibility

Cumulative Emissions Since 1900
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Why should we act?
- Per capita emissions
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Why should we act?
- USA is the richest country in the world

Per Capita GDP
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Role of Economics

* Damage estimation

* Costs and benefits of mitigation
* Social costs of carbon

* Costs and benefits of adaptation

* Policy assessment
e Optimal policy design
* Cost effectiveness

* Covered in following lectures



