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NOBEL PRIZE 2018 IN ECONOMICS
WILLIAM D. NORDHAUS
"for integrating climate change into long-run macroeconomic analysis"
PAUL M. ROMER
"for integrating technological innovations into long-run macroeconomic
analysis"
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Plan for the lecture

Nordhaus has worked on negative externalities in climate change, the
topic of this lecture. Romer has worked on positive externalities in
innovation activity, to be covered later today
Externalities motivate policies in economics: What is an externality?
Policy questions: What should be policy design for externalities?
What is the impact on businesses?
Illustrations: (i) EU-ETS and (ii) transportation sector
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Externality is a market failure
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This figure illustrates a market failure

Beijing shrouded in smog. 

Francesca Dominici et al. Science 2014;344:257-259 

Published by AAAS 
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An illustration of measurement: pollution externalities

Chen et al. (2013, PNAS) consider a quasi-experimental empirical
approach is based on China’s Huai River policy, which provided free winter
heating via the provision of coal for boilers in cities north of the Huai River
but denied heat to the south. An arbitrary Chinese policy that greatly
increases total suspended particulates (TSPs) air pollution is causing the
500 million residents of Northern China to lose more than 2.5 billion life
years of life expectancy.
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An illustration of measurement: China’s Huai River policy
The cities shown are the locations of the Disease Surveillance Points.  

Yuyu Chen et al. PNAS 2013;110:12936-12941 

©2013 by National Academy of Sciences 

Figure: The cities shown are the locations of the Disease Surveillance Points.
Cities north of the solid line were covered by the home heating policy.
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Crossing the river: impact on pollution
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The estimated change in TSP 
(and height of the brace) just 
north of the Huai River is  
247.5 µg3

and is statistically significant 
(95% CI: 114.5, 380.6).
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Fig. 2. Each observation (circle) is generated by averaging TSPs across the Dis-
ease Surveillance Point locations within a 1° latitude range, weighted by the
population at each location. The size of the circle is in proportion to the total
population at DSP locations within the 1° latitude range. The plotted line reports
the fitted values from a regression of TSPs on a cubic polynomial in latitude using
the sample of DSP locations, weighted by the population at each location.
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Crossing the river: impact on mortality
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The estimated change in life expectancy 
(and height of the brace) just north of the 
Huai River is -5.04 years and is statistically 
significant (95% CI: -8.81, -1.27).

65
70

75

Li
fe

 E

-20 -10 0 10 20
Degrees North of the Huai River Boundary

L.E. in South L.E. in North Fitted Values from Cubic in Latitude

Fig. 3. The plotted line reports the fitted values from a regression of life
expectancy on a cubic in latitude using the sample of DSP locations,
weighted by the population at each location.
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Climate change
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Climate change
Climate change is a particularly difficult environmental problem to handle,
for various reasons:

Capping emissions is not enough (stock of CO2 matters, not the flow)
May be irreversible → impacts may stay for centuries
Requires global cooperation → game theory situation between
countries
Conflicts of interest (between/within countries and generations) →
inequality and justice
Worst-case scenario is catastrophic → Greenland ice sheet melting,
etc.
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How much carbon is in the ground?
Finiteness of fossil-fuel resources is not a market failure. But burning the
fuels is a source of externalities

LETTER
doi:10.1038/nature14016

The geographical distribution of fossil fuels unused
when limiting global warming to 2 6C
Christophe McGlade1 & Paul Ekins1

Policy makers have generally agreed that the average global temper-
ature rise caused by greenhouse gas emissions should not exceed
2 6C above the average global temperature of pre-industrial times1.
It has been estimated that to have at least a 50 per cent chance of
keeping warming below 2 6C throughout the twenty-first century,
the cumulative carbon emissions between 2011 and 2050 need to be
limited to around 1,100 gigatonnes of carbon dioxide (Gt CO2)2,3.
However, the greenhouse gas emissions contained in present esti-
mates of global fossil fuel reserves are around three times higher
than this2,4, and so the unabated use of all current fossil fuel reserves
is incompatible with a warming limit of 2 6C. Here we use a single
integrated assessment model that contains estimates of the quanti-
ties, locations and nature of the world’s oil, gas and coal reserves and
resources, and which is shown to be consistent with a wide variety
of modelling approaches with different assumptions5, to explore the
implications of this emissions limit for fossil fuel production in dif-
ferent regions. Our results suggest that, globally, a third of oil reserves,
half of gas reserves and over 80 per cent of current coal reserves should
remain unused from 2010 to 2050 in order to meet the target of
2 6C. We show that development of resources in the Arctic and any

increase in unconventional oil production are incommensurate with
efforts to limit average global warming to 2 6C. Our results show that
policy makers’ instincts to exploit rapidly and completely their ter-
ritorial fossil fuels are, in aggregate, inconsistent with their com-
mitments to this temperature limit. Implementation of this policy
commitment would also render unnecessary continued substantial
expenditure on fossil fuel exploration, because any new discoveries
could not lead to increased aggregate production.

Recent climate studies have demonstrated that average global temper-
ature rises are closely related to cumulative emissions of greenhouse
gases emitted over a given timeframe2,6,7. This has resulted in the con-
cept of the remaining global ‘carbon budget’ associated with the prob-
ability of successfully keeping the global temperature rise below a certain
level4,8,9. The Intergovernmental Panel on Climate Change (IPCC)3

recently suggested that to have a better-than-even chance of avoiding
more than a 2 uC temperature rise, the carbon budget between 2011
and 2050 is around 870–1,240 Gt CO2.

Such a carbon budget will have profound implications for the future
utilization of oil, gas and coal. However, to understand the quantities
that are required, and are not required, under different scenarios, we first

1University College London (UCL), Institute for Sustainable Resources, Central House, 14 Upper Woburn Place, London WC1H 0NN, UK.
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Figure 1 | Supply cost curves for
oil, gas and coal and the
combustion CO2 emissions for
these resources. a–c, Supply cost
curves for oil (a), gas (b) and
coal (c). d, The combustion CO2

emissions for these resources. Within
these resource estimates,
1,294 billion barrels of oil, 192 trillion
cubic metres of gas, 728 Gt of hard
coal, and 276 Gt of lignite are
classified as reserves globally.
These reserves would result in
2,900 Gt of CO2 if combusted
unabated. The range of carbon
budgets between 2011 and 2050 that
are approximately commensurate
with limiting the temperature rise to
2 uC (870–1,240 Gt of CO2) is also
shown. 2P, ‘proved plus probable’
reserves; BTU, British thermal units
(one BTU is equal to 1,055 J). One
zettajoule (ZJ) is equal to one
sextillion (1021) joules. Annual global
primary energy production is
approximately 0.5 ZJ.
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How to keep in the ground? Economists united:
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The economic question: How can we achieve the desired
carbon limit without excessive costs?

Policymaker’s aim: Achieve the desired amount of effective abatement (e.g.
units of CO2) at minimum cost.
There are 2 types of abatement policies:

1 Price-based policies use taxes and subsidies to affect prices. In the
case of carbon budget, the aim is to use the tax to signal scarcity: the
total available fossil resource for consumption is less than the amount
in the ground

2 Quantity-based policies use bans, caps, and regulations
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Cap and trade

Environmental external effects arise because of missing markets.
Cap and trade creates a market for emissions:

Government sets a limit (cap) on pollution and creates enough permits
to meet this cap.
Governments allocate permits (for example, via auction), and firms
buy/sell permits amongst themselves.
"Cap" sets the quantity and "trade" sets the price.
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Cap and trade: Model
Firms trade until the permit price = marginal cost of abatement. Example:
Firm A has a lower marginal private cost of abatement (MPCA) than Firm
B. Firm A does more and benefits from trade with firm B.

Both firms benefit from buying/selling permits until the MPCA is
equalized across firms.
Objective of cap and trade = abatement is done by the firms for
which this is least costly.
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Emission prices and cap-and-trade systems globally
(Link to the source) About 20% of global carbon emissions subject to some
form of pricing

21/02/2020, 13.14Carbon Pricing Dashboard | Up-to-date overview of carbon pricing initiatives

Page 1 of 1https://carbonpricingdashboard.worldbank.org/map_data

Summary map of regional, national and subnational carbon pricing initiatives
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Cap-and-trade systems and taxes: differences
Cap-and-trade: prices can be volatile

EU Emissions Trading Scheme set too large a cap. The price fell
dramatically after the 2008 crisis, providing little incentive to abate.
A price floor on permits can mitigate this issue (e.g. UK)

Tax: difficult to predict abatement
For example, in Finland we have a carbon tax on gasoline but
emissions do not decline
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Big pressing policy question: How to transform the
transportation sector?
The government has ambitious targets, (Link to the source)
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https://www.lvm.fi/en/-/transport-emissions-to-zero-by-2045-990384


Three steps for the government

1 How much to reduce emissions?
I This is coming from the EU: 50% reduction

2 How to reduce emissions?
I This is instrument choice question: prices or quantities or both

3 How to deal with distribution?
I Distribution of income and efficiency can be separated: transfers to the

poor to avoid "yellow vests".

Currently in Finland we have a carbon tax but it is not helping to
reduce emissions → tax should be higher. Next Figure shows that
higher fuel prices have an impact on consumption if we compare
countries
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Price instruments: fuel taxes
Higher taxes → better fuel-economy        

                          
                            

                                
                        
                        

                    
                        

                            
        

                            
                

                    
                      

                        
                        

 Figure 1
Transportation Fuel Consumption per Capita versus Fuel Price

Source: Data from Worldbank.org.
Notes: Size of the circle proportional to population. The line is the fi tted value from a regression of the 
log of consumption on the log of price.
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Knittel, Christopher R. 2012. "Reducing Petroleum Consumption from Transportation." Journal
of Economic Perspectives, 26 (1): 93-118.
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CO2 tax in Finland: ca. 17 cents/liter, in total 4.7 billion
euros

Figure shows all car owners, ranked in the order of their earnings
It shows % of income spent on CO2 tax
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Who is producing the CO2?

Figure shows all cars in circulation: 700 000 cars produce 50% of all
emissions
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Who has the clunkers?

Figure shows income groups and CO2/car in different parts of the
country: poor drivers have dirtier vehicles.
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Wealthier drive more

Figure shows income groups and CO2 emission from driving in total in
different parts of the country.
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What would have happen if we gave the collected tax back
to drivers as lump sum?

Figure shows all car owners, ranked in the order of their earnings
It shows % of income spent on taxes after receiving tax rebates, under
different rebate rules.
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Summary: It is costly to impose restrictions on driving

Just like with firms, consumers have costs
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Price incentives minimize the costs, and it is possible to deal
with redistribution

Just like firms, consumers should respond to price incentives
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