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Uncertainty and Social Discount Rate
—Declining Discount Rate, Social Cost of Carbon, and Weitzman—Gollier Puzzle—
(Abstract)

Isao USUI (Yokohama National University, Professor Emeritus)

According to a study using the Dynamic Integrated model of Climate and the Economy (DICE)-2007
(Nordhaus, 2008), the annual benefits of a public project which mitigates carbon dioxide emissions by
one ton of carbon in 2010 last for centuries, increasing from 0.5US$ in 2010 to 8US $ 300 years after,
on the contrary the mitigation costs are born only in 2010 (and in the near few years). It is widely
recognized that the ability of such projects that have long time horizons to pass the cost-benefit test is
critically dependent upon the choice of the rate at which future benefits and costs are discounted. But
we do not yet have a consenting answer to the question: What discount rate should we choose in the
cost-benefit test of the projects, like mitigation of carbon dioxide emission, that effect on the far distant
future?

Moreover, it is unfortunately unclear how to discount distant future events when the future discount
rate itself is unknown. Weitzman (1998) proposes a new theoretical approach to resolving the question
based on the expected net present value (ENPV) approach. He introduces the notions of certainty
equivalent discount factor (CEDF) and certainty equivalent discount rate (CEDR) of uncertain future
discount rate, and argues that the uncertainty about future discount rates justifies using a social
discount rate which declines over time (declining discount rate, DDR). We here try to illustrate DDR by
a diagram, which, to my knowledge, nobody has yet done. Gollier (2004) reduces DDR under
uncertainty of the rate of consumption growth, which is an uncertainty version of the Ramsey formula.
On suggestions by Weitzman (1998) and Gollier (2004), United Kingdom (since 2003) and France (since
2005) use DDR in evaluating public projects. Note that their DDRs are the marginal discount rates (the
forward rates) which should be differentiated from the average discount rates (the effective term
structure).

Newell and Pizer (2003), Groom, Koundouri, Panopoulou, and Pantelidis (2007), and Freeman, Groom,
Panopoulou, and Pantelidis (2013) show that the US CEDRs decline through time based on historical time
series of US interest rates and present estimates of the forward rates for US. They also calculate the
marginal social cost of carbon as the present value of global damages from emitting a ton of carbon in
2000 using forward rates from their models. We compare the marginal social costs of carbon they
calculate.

Contrary to the above theories and empirical researches which approve DDR, Gollier (2004) shows
that a seemingly analogous argument used to justify DDR can also be used to justify increasing CEDR
or increasing discount rate based on the expected net future value (ENPV) approach, and puts forward

the so-called Weitzman-Gollier puzzle. We review some attempts to resolve the puzzle.

Keywords: cost-benefit analysis, declining discount rates, social cost of carbon, the Weitzman-Gollier
puzzle
JEL classifications: E43, D61, D81, H43
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