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Changes in Greenhouse Gases
from ice-Core and Modern Data
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Time (before 2005)

FIGURE SPM-1. Ammospheric concentrations of carbon dioxide, methane and nitrous oxide over the last 10000 wvears
(large panels) and since 1730 (inset panels). Measurements are shown from ice cores (syvmbols with different colours for
different studies) and atmosphernic samples (red lines). The corresponding radiative forcings are shown on the raght hand
axes of the large panels. {Figure 6.4}



The Climate Commons

A Atmosphere = openccess disposal site for GHGs.

I Harms of emissions affect others: benefits of emissions reduction are
shared widely.
I Costs of emi ssions reduction f al

T Yields overuse of the climate commons.

A Restricting access to the commons is warranted if it

yields collective net benefitSkaldor-Hicks)

I Under international law, treaty participation requires consent, i.e. also
needindividual net benefits to get each party to join. (Pareto)

A How best to restrict access to the commons?

I Fencing a fixed territory: Property, Sovereignty
i AiFencingo fugitive resources:




Policy Options
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Unilateral or Multilateral?
Options

1. Pure unilateral: US acts alone (but: leakage)

2. Leader with followers: US acts, followed by others
(emulation) (but: free riding)

3. Multilateral: US negotiates multilateral treaty first, and onl
then adopts national legislation (but: slow; lacks credibility

4. lterative: US legislation and international negotiations are
Interwoven

Shoes on the opposite feet:

A Climate activists urge unilateral action (by US, and by siarex
waiting for a treaty), but critiqued unilateralism on terrorism/Irag.

A Climate skeptics prefer multilateral action if any (fearing costs &
leakage), but favored unilateralism on terrorism/lrag.



Unilateral or Multilateral?

Actual History

1990s:

A US advocated comprehensive@HG approach with emissions trading;
EU favored CQ-only with no trading

A US signed Kyoto (1997) but never ratified (Senated @ainst)
A US withdrew from Kyoto (2001)

After 2001:
A EU and other Kyoto parties acted first (so US would not be acting alor

A EU switched to adopt cap & trade (ETS)

A LiebermanMcCain/Warner cap & trade bills (2003, 2005, 2008)
A US states began acting (RGGI, California, et also cap & trade)
A US launched Major Economies process (2007)

2009:

A Bali (Dec. 2007) to Copenhagen (Dec. 2009)
A WaxmanMarkey cap & trade bill

Iterative process: US action and multilateral negotiations are interwoven



Disadvantages of partial action

(omitting some major GHG sources
(e.g. by Annex | only, or EU only, or US only, or Calif. & RGGI oinly

omi tting China, |l ndi a, Brazi |l ,
A Environmental:
I Emi ssions continue I n | ess rec

i iLeakageo of emissions from mc
areas: increases emissions in less regulated areas
A Economic:
I Higher abatement cost due to foregone trading opportunities
I Market power by fewer permit sellers (e.g. Russia)
I Patchwork of different rules raises costs

A Political:
I Fear of leakage = politicians unwilling to adopt costly policy

I Leakage makes recipients more Gliensive = less likely to join
In future

I Constitutional constraints may limit action by US states



Participation:

Importance of Developing Countries
1998 forecast: DCs will surpass ICs by 203
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Note: These projections are consistent with the Intergovernmental Panel on Climate Change IS92A global projection through 2100.
Source: Unpublished calculations by A. Manne, Stanford University and R. Richels, Electric Power Research Institute.

Source: Council of Economic Advisers (CEA),
Economic Report of the Presid€ii®98) p171



Even in 1999: without participation by all ma
emitters, Kyoto Protocol is little help
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Effect of the Kyoto Protocol (shown in blue) on (1) the projected total worldwide emission,p&@Don (2) the resulting
concentration of the gas in the atmosphere (in parts per million by volume, Faswning Kyoto caps are applied through the

year 2100; the US joins; and zero leakage to nefinnex | countries. Emissions are in units of petagrams'ffpams) of carbon,

or equivalently, billions (19 of metric (2,200 Ib) tons per year. In each figure the black reference line (labeled IPCC) is the project
scenario, called 1S92a, developed by the Intergovernmental Panel on Climate Change. Shown for reference in the sesomel figure
preindustrial CQconcentration of roughly 275 ppmv. From Jae Edmo
St r a tCengeguyencesol. 5 no. 1 (1999), Figure 1, pp.-28, at http://www.gcrio.org/CONSEQUENCES/vol5nol/beyond.html .
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CO, Emissions Trends in the Reference
Scenario, 1990-2030

2006 forecast: DCs will surpass ICs by 2C

Energy ; -
Dutiook 3_/J

2006

D T T T T T T T
1990 {995 2000 2005 X0 A5 2020 2005 2030
— China Lnited States — Rest of non-0ECD — Rest of OECD

i
= i h' :
:_:: INTERNATIONAL
o ENERGY AGENCH

From http://www.worldenergyoutlook.com/graphs/Slide4.qif




W CCSP Reference Scenarios (2007)
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Figure 2. Energy-related CO; emissions in China.

Historical emissions began increasingly rapidly after 2001. IEA forecasts did not detect the acceleration
until after 2005, and projections in the 2007 CCSP report reflected earlier forecasts. A 2008 econometric
study projects an exponential extrapolation of the current annual growth rate through 2010. The new

MERGE baseline projections reach 4 GtC by 2030 (dashed line) in the reference growth scenario, 3.1 GtC
in the low scenario, and 5.2 GtC in the high scenario (bounds of the gray shaded region).

Source: Geoffrey J. Bl anford, Richard G. Richel s
for China:Why Posky ot o Cl i mate Policy Must Look East, 0 EPF



2009 forecast: DCs surpassed ICs in 2006, will continue to ¢

Figure 9. World Carbon Dioxide Emissions,
2006-2030
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Source: US DOE/EIA, International Energy Outlook 2009 (May 2009), p.6,
available at www.eia.doe.gov/oiaf/ieo/index.html



Pol il cy Cover ac

A Policy may be implemented at various scéles
I International / Global
I National
I State & locale.g. RGGI, WCI; and SIPs under CAA / NAAQS)

A GHGs mix globally in the atmosphere

I Reduces concern about nho
A Hence cap & trade is even better suited to GHGs than to
conventional pollution e.g. acid rain

il ncreases concern about n
A Unilateral action may induce leakage
A EU action may have spurred some shifts
A Fear of competitiveness losses
A Hence interest in import tariffs/allowances (but: ineffective? spur
trade war?)

I Larger issue: engaging participation by all major emitter:



Policy Coverage and Leakage

A Pathways for leakage: regulation of GHGs in some places

sEurs GHG leakage to less regulated places by:
Shifting trade to import from less regulated areas

A Changing relative prices
A Reduced demand for energy = lower fuel prices, increased consumption
elsewhere
A Reduced forest clearing = higher timber prices, increased supply elsewhe

A Relocation of facilities (e.g. steel, cement, even electricity generation)
A But: leader/follower technology spillovers may reduce emissions leak:

A Impacts of leakage:

A Undermines effectiveness of GHG policy

A May even exceed 100% (increase net emissions), if GHG emissions |
unit of economic activity are higher in the less regulated place.

A e.g. Babiker, MIT (2005): 25%, up to 130%, esp. to China & India.

A Makes recipients more GH{atensive = less likely to join in future

A Fear of leakage inhibits political will in the regulating jurisdiction, and
may spur border trade restrictions



Policy Coverage and Leakage

A Causal scope: regulation of some GHGs (or sector
but not others, may spur shifts. E.g.:

A Coaktto-gas switch may reduce Gbut may increase GH
A CH, is ~20+ times more potent a GHG than,CO
A Some natural gas systems release large fugitivee@tibsions

A Biofuels may reduce CGat vehicle tailpipe, but may
A Increase CQfrom deforestation
A Increase MO from crop fertilizers

A Monitoring costs are endogenous, and justified by benefi

A More generally: Need to consider ancillary impacts (risk
tradeoffs) of alternative energy sources (nuclear, wind,
solar, biofuels, etc.), land uses, CCS, geoengineering, et



Policy Coverage and Leakage

A Solution: Comprehensive Coverage

A Participation by all major net emitters

A Coverage of all major GHGs, sectors
A Includes benefit of conserving forest sinks / REDD

A Broader coverage also reduces abatement costs
A With trading, including all major emitting countries is about half
as costly (or less) than including industrialized countries only
A Avoids market power
A Covering all GHGs & sectors is about half as costly (or less) as
energy CQonly. (Opportunities: Ci] black carbon.)

A Consideration of ancillary impacts, tradeoffs



Engaging China

(Wiener, UCLA Law Review 2008 and RResource2009)

1. Aggregate net benefits of climate policy
a. Climate benefits looking larger (impacts looking worse)
b. Costs looking lower: CCS; and innovation & IP reform (not just tec
transferto China, but also indigenous innovationChina)
2. Co-benefits: cleaner air and public healttvB: 500k dths/year, 6% GDP)

3. Distribution of impacts and political stability / upheaval
a. Inequity, pollution; urban/rural; coasts/inland; labor migration
b. AiScientific Concept of Devel op

c. Historically, mass unrest & dynastic change associated with extren
environmental eveni{Sancheva et al. 2007; Zhang et al. 2007)

d. Political culture of rallying around extreme environmental events
( Dong Zhongshu, Mandate from Heaven,

4. Geopolitics: Rise (return) to Great Power role

5. Design of the treaty regimenternational cap & trade can make
China a net gainer (while saving costs to the US)






