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The climate generation comes of age
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The “Green New Deal” resolution
H.Res.109 — 116th Congress (2019-2020): “Recognizing the duty of the
Federal Government to create a Green New Deal”
Consists of two blocks of text
• “Whereas” clauses: The motivation
• “Resolved” clauses: Definitions and proposed actions

“Whereas” clauses cite:
• The IPCC Special Report on Global Warming of 1.5 °C
The science
• The historical responsibility of the US for GHG emissions
• Socio-ecological crises within the US (including inequality and pollution)
• The role of climate change, pollution, and environmental destruction in
exacerbating systemic injustices
• The threat that climate change poses to US national security Social diagnosis
• The historical example of the New Deal
Analogy and proposed solution
• The unique opportunity for a Green New Deal

First “Resolved” clause: A definition of the GND
The science

• Achieving Net-zero greenhouse gas emissions through a fair and just
transition for all communities and workers
• Creating millions of good, high-wage jobs and ensure prosperity and
economic security for all people of the United States
• Investing in the infrastructure and industry of the United States to sustainably
meet the challenges of the 21st century
• Securing, for all people of the United States for generations to come: (i) clean
air and water; (ii) climate and community resiliency; (iii) healthy food; (iv)
access to nature; and (v) a sustainable environment
• Promoting justice and equity by stopping current, preventing future, and
repairing historic oppression of frontline and vulnerable communities:
• Indigenous peoples, communities of color, migrant communities, deindustrialized
communities, depopulated rural communities, the poor, low-income workers, women,
the elderly, the unhoused, people with disabilities, and youth
Social diagnosis

The 10-year mobilization: Mitigation
Full transformation for mitigation
• Build resiliency against climate change-related disasters
• Repair and upgrade the infrastructure in the United States,
• Meet 100 percent of the power demand in the United States through clean, renewable, and
zero-emission energy sources, build or upgrade to energy-efficient, distributed, and “smart”
power grids, and ensure affordable access to electricity;
• Upgrade all existing buildings in the United States and building new buildings to achieve
maximum energy efficiency, water efficiency, safety, affordability, comfort, and durability
“As much as technologically feasible” in hard-to-transform sectors
• Spur massive growth in clean manufacturing in the United States and remove pollution and
greenhouse gas emissions from manufacturing and industry
• Work collaboratively with farmers and ranchers in the United States to remove pollution and
greenhouse gas emissions from the agricultural sector
• Overhaul transportation systems in the United States to remove pollution and greenhouse
gas emissions from the transportation sector

The 10-year mobilization: Adaptation etc.
Adaptation and ecosystem-based mitigation
• Mitigate and manage the long-term adverse health, economic, and other effects of
pollution and climate change
• Remove greenhouse gases from the atmosphere and reduce pollution by restoring
natural ecosystems
• Restore and protect threatened, endangered, and fragile ecosystems for biodiversity
and climate resiliency
Additional actions
• Clean up existing hazardous waste and abandoned sites to ensure economic
development and sustainability on those sites
• Identify other emission and pollution sources and creating solutions to remove them
• Promote the international exchange of technology, expertise, products, funding, and
services, with the aim of making the United States the international leader on climate
action, and to help other countries achieve a Green New Deal

The Green New Deal resolution: A summary
• The physical science is inescapable: Humans are changing the climate and
research can increasingly attribute specific events to climate change
• The social and natural science is compelling: The systems giving rise to
climate change cause further harm people and ecosystems
• Hypothesis: We can mitigate and adapt to climate change in ways that
promote rather than diminish societal and ecological goals
• The required effort varies between sectors
• Buildings and power generation are most amenable to change
• Manufacturing, transport, and agriculture are particularly challenging

This suggests an economic analysis

Economics

Climate economics à la Nordhaus
1. Start with a neoclassical (Solow) growth model
2. Add GHG emissions (as a multiple of potential output) and climate
impacts (as a reduction of potential output)
3. Assume that abatement expenditure is not growth-enhancing (it
subtracts from output less climate damage)
4. Assume that people seek to optimize a discounted stream of “utility”,
which is taken to be an increasing function of consumption that
exhibits decreasing returns to scale
5. Find the optimal pathway for saving, output, and emissions
This describes the single-region DICE model – the damage function + abatement + optimization is characteristic of many climate-economy models

Arguments against this approach
• We haven’t observed catastrophic climate damage in the past, so it is not captured by
empirical damage functions
• It is unrealistic to assume that no abatement expenditure is productive (Ackerman)
• We have to think of climate damage as having a “fat tailed” distribution, which means
we cannot use cost-benefit analysis (Weitzman)
• Even if we do use cost-benefit analysis, it is problematic because it
• Is strongly dependent on the damage function (Ackerman and Stanton, Weitzman)
• Can lead to absurdities, e.g., the concept of the statistical value of a human life (Ackerman and
Heinzerling)
• Optimizes average expectations, whereas the appropriate regret function might be asymmetric
(e.g., prioritizing avoided harm over realized benefits)

• Consumption-dependent utility is an unrealistic and misleading way to think about
human motivation
• Choosing a discount rate involves competing claims, including by parties who do not
have a voice (although some are finding their voice as they come of age)

The social discount rate
social discount rate
pure rate of time preference
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per capita income growth
elasticity of marginal utility of consumption

Given discounting, cost-benefit analysis and consumption-based utility, what is
the proper value for the pure rate of time preference?
An ethical question
• Ramsey: Zero
• Stern: Zero or very small (because humans may become extinct)
• Nordhaus: The implicit choice captured in observed discount rates
Can be extended to include risk (random variation), with risk aversion separate
from pure time preference (Epstein-Zin utility), but the ethical question remains

Social cost of carbon
Discount rates and damage functions are used to compute a “social cost of
carbon” (SCC) – theory says we should mitigate up to that cost
• The official SCC estimate in the US, taking global impacts into account, is
$50/tonne CO2 at the standard 3%/yr discount rate*
• For a round-trip flight from Boston to London, that would be about $80. For a
$1,300 flight, that’s 6% of the cost – less than typical airport taxes and fees.
• Allowing for extreme damages and a Stern-type discount rate of 1.5%/year, the
SCC is about $900/tonne CO2.** That gives $1,400 for the flight, or over 100%
of the cost – more than the upgrade to 1st class.
The result: a political tussle over damage functions, discount rates, and the SCC.
Unsurprisingly, modest damage functions and discount rates have prevailed.
* https://www.rff.org/publications/explainers/social-cost-carbon-101/
** Ackerman and Stanton. (2012) “Climate Risks and Carbon Prices: Revising the Social Cost of Carbon.” Economics: The Open-Access, Open-Assessment E-Journal

An alternative: Taking the UNFCCC seriously
1. Start with the climate target: high likelihood of remaining below 1.5°C
2. Acknowledge that countries have different historical responsibilities
and current capacities
A research
program,
3. Acknowledge the characteristics
of different
countries: existing capital
stock, saving potential, ability to secure international funding, pubic
not aofsingle
and external debt, stability
exchangemodel
rates, etc.
4. Seek socially acceptable, technologically feasible, and ecologically and
economically viable strategies to meet the climate challenge

An educational mitigation model
1. Start with a classical growth model
2. Add GHG emissions (as a multiple of the
capital stock)
3. Close the goods market through “forced
saving,” allowing consumption to adjust
4. Explore alternatives

http://www.ase.tufts.edu/gdae/education_materials/modules.html

Three equations for GDP
1. Consumption plus investment goods (production)

Y CI

2. Consumption plus saving (expenditure)
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3. Wages plus profits (income)
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Normalizing the income equation gives distribution
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Kaldor’s (1961) stylized facts
In high-income countries, we see
1.
2.
3.
4.
5.

Increasing labor productivity
Rising capital per worker
Relatively steady profit rate (profits/capital stock)
Steady capital-output ratio (or capital productivity)
High correlation between the share of profits in
income and share of investment in output
6. Appreciable differences in the rate of labor
productivity growth

Trends in labor and capital productivity in the US
from 1950 to 2014 (Penn World Tables 9.0)

These don’t hold for all times: See Kemp-Benedict (2019) “Cost Share-Induced Technological Change and Kaldor’s Stylized Facts,” Metroeconomica

Capital accumulation and growth
Capital is added through investment and
removed through depreciation
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Following Kaldor, capital productivity is
assumed to be constant
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So, economic growth g is calculated as
growth in the capital stock
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GHG emissions
Emissions G are a multiple of the capital stock
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The emissions intensity has been falling more
or less steadily in the US
It flattened in the 1960s, but fell after the oil
crisis, first rapidly and then more gradually

exponential trendline,
declining at 1.9%/year
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Carbon intensity of capital stock in the US, 1950-2014.
Capital stock from the Penn World Table (PWT) 9.0;
carbon dioxide emissions from the Carbon Dioxide
Information Analysis Center (CDIAC)

GHG accounting
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emissions associated with
new capital as average
less reductions on the
extensive margin
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emissions associated with
retired capital as a multiple
of the average

Substitute from the equations for G and for capital accumulation, assume we can neglect second-order
terms in the growth rate (that is, we neglect terms like g2 compared to g), and rearrange to find*

 1
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* The details are in the GDAE module and the instructor’s guide for Problem 4 in Section 4.

Estimating parameters
If reductions at the extensive margin have been steady, at a rate,  xhist , and if the typical lifetime of
capital is the inverse of the depreciation rate, 1/δ, then
1/
emissions intensity of retired capital
 1   xhist 
emissions intensity of new capital

So, historically,
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Because emissions intensity has been falling at 1.9% per year historically, from the previous slide we find
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hist
Historically, g = 2.1%/yr, δ = 4.7%/yr. We can use these values to estimate  xhist as a function of i

Parameter estimates
hist
hist
hist
Estimates for  x and r depend on i :

φihist
0.0%
0.5%
1.0%
1.5%

φxhist
1.6%
1.2%
0.8%
0.4%

φrhist
38%
28%
18%
8%

Assume these
parameters for
illustration

A bit of policy analysis
The GND resolution calls for carbon neutrality from a 10-year mobilization.
But only buildings and power generation are supposed to fully
decarbonize. Manufacturing, transportation, and agriculture, are partially
decarbonized. Since our model does not include carbon sinks or offsets,
assume an 80% reduction over 10 years (e.g., from 2022-2032).
Using our model:
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Some illustrative calculations
• Assume that g = 2.1%/yr, δ = 4.7%/yr, and φr = 28%
• Then φx < 100% only if φi > 8.5%, but dependence on φi is steep

→If 10% reductions each year are accomplished on the intensive margin (e.g., from
retrofits) then 78% of new capital must be zero-emissions (up from 1.2%!)

• That is a challenge, but we can also retire capital early, as in the “cash for
clunkers” program. Suppose we retire an additional 2% of the capital
stock each year, so that δ = 6.7%/yr:
→If 10% reductions each year are accomplished on the intensive margin, then 54%
of new capital must be zero-emissions

Some initial comments
• We made no assumption about changes in consumer behavior
• We assumed constant capital productivity, but that is a historical regularity, not
a law (and theory suggests it can change*)
• But it brings out the importance of long-lived capital stocks – replacing them
takes time, so the change at the extensive margin has to be higher than the
average improvement we are trying to achieve
• Improvements at the intensive margin (e.g., retrofits, running engines more
efficiently, packing more people onto a plane, switching to biofuel) and early
retirement (e.g., “cash for clunkers”) reduce the need to replace capital
• Note that the intensive and extensive emissions reductions have to be
technically possible, which is ultimately limited by thermodynamics, but in the
near-term implies public and private investment in R&D
This is starting to look a lot like the GND resolution…
* E.g., Kemp-Benedict (2019) “Cost Share-Induced Technological Change and Kaldor’s Stylized Facts,” Metroeconomica

Productive and non-productive investment
The investment rate (per unit of capital stock) now includes:

I   g     retire  cmit ( x , i )  K
• Enough new productive capital to expand output at the target rate g
• Replacement of depreciated capital
• Replacement of capital retired early
• Pure-mitigation (non-productive) investment expenditure
Expect mitigation costs to increase with level of effort

Forced saving: The math
From GDP accounting, GDP = consumption + investment, so
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Substituting for the expression for investment, this implies
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Additional reduction
(forced saving)

Some further comments
• What about price adjustment? That mechanism dominates neoclassical
models, while forced saving is ignored. Both happen, to different degrees,
as well as shifts in distribution towards profits and away from wages – a
proper policy model needs several mechanisms.
• Forced saving is essentially what happened during World War II. The New
Deal brought people into the workforce, while wartime mobilization drew
extraordinary saving from a fully employed workforce.
• At the end of the war, the large amount of savings amassed by soldiers
and citizens powered a boom. But…
• The benefits flowed overwhelmingly towards white men (covered in the GND)
• We have to beware of the emissions implications of a boom! (not in the GND)

Trust & uncertainty

Features of a low-carbon transition
Just scratched the surface with the model, but it suggests
• Major turnover in capital, new behaviors: a socio-technological revolution
• Unlike previous revolutions, we must do this intentionally
• Requires a change in the material basis of the economy
• We suspect, but do not know, what technologies will succeed
In other words, we must all step together into a poorly-defined future –
collective action in the face of uncertainty

Collective action and trust
Collective action requires generalized trust:
• Social trust: Allowing strangers to undertake consequential actions on
your behalf
• Institutional trust: Relying on institutions and norms to align strangers’
actions with your expectations
This raises at least two problems:
• Both forms of trust are, for many US residents, at historically low levels
• Even if that weren’t true, trust requires experience, and we’re talking
about massive changes with uncertain outcomes

Fairness as a surrogate for experience
Argument:
• Fairness is a value we all share that can form the basis of trust in a major
and disruptive transition
For the Green New Deal, this suggests
• Judgements of what is fair and what not will vary from one person to
that
fairness
justice
a functional
another,
and from
cultureand
to another,
but play
there are
systematic patterns
that can be understood
anticipated
role, as and
well
as a normative role
• Moreover, when information on actual or potential outcomes is limited,
people substitute judgements about the process to determine fairness*
* Bos (2001) “Fairness Heuristic Theory” In Theoretical and Cultural Perspectives on Organizational Justice, Ed. Gilliland et al and Lind et al. (1993) “Individual and
Corporate Dispute Resolution: Using Procedural Fairness as a Decision Heuristic.” Administrative Science Quarterly

Conclusions
• Seriously addressing climate change will be transformative
• It will likely strain our societies, but the strain can be lessened if the process is
broadly seen as fair and just
• The fundamental parameters of the needed change are provided by physics
and biology (“the science”)
• There are, additionally, economic constraints given by the need to replace
capital stocks and to satisfy economic accounts
• Nevertheless, there are considerable economic degrees of freedom
• A crucial question is what is technically possible, but pilots (e.g., Zero-emission
developments) suggest a lot of scope for emissions reductions
This is arguably a “reasonable realism” and, at least in broad outline, the Green
New Deal resolution is consistent with these conclusions

Thank you!
https://www.theguardian.com/environment/2019/jun/29/alexandria-ocasio-cortez-met-greta-thunberg-hope-contagious-climate

