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Proposed Draft Chapter Changes 
IPCC WGiii Discounting chapter 

WR Cline 
29 May 1995

p.l line 41-42

the last clause of this sentence is a nonseouitor The 
converse is precisely the case where the money is not being soent 
on omissions control. Revision: ^ ^ ^

tho money is opont on omlosien oentiol provided that 
the money is spent on investment (rather than consumption)7

p. 4 line 5 insert for clarification:

.. a social welfare function (SWF) ...
p. 5 line 22:

chapter to give greater weight to the 
position runs the risk of confusing the readers 

about where the authors stand, i propose the following change:

««thor. o£
p.5 line 28-31

This formulation is wrong. The central point is that 
well-defined unless valuation is present, and valuation requires a social welfare function. In any event, as 

formulated the statement invitee the critique that since the future
justification for emissions 

today. Ironically the case for control is really one of 
efficiency, not equity: it is inefficient to enjoy extra
consumption today at the expense of a future loss of consumption greater than that warranted by the social discount rate. ^

u paragraph entirely. Otherwise, itshould at least be amended as follows:
"distribution. They acknowledge that using a low discount rate may 

® efficiency if the true opportunity costof emissions reduction Is a reduction in alternative higher-return 
investment rather than in current consumption; but they ...

reference to Cline at this point (it implies the Cline value is 0,5%; it isn't)
p. a line 19 Add footnote:
"SRTP becomes 1.5%."®'" After taking account ...
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p. 8 Line 32: KEY ADDITION;
Add paragraph:

for prescriptive approach to discounting

designed explicitly to compensate future generations for greeSiouL 
damage, in part because any such commitment could easily break down

Centuries, it is thisfundamental "commitment problem" that drives the need for 
discounting consumption-equivalents at the SRTP rather than 
discounting at the Investment rate of return. The same reasonlnoof economy-wlds consumption and investment shSrel 
for r®sources devoted to emissions controls, when applying the 
shadow price of capital to investment effects to obtain consumption 
equivalents. This approach assumes that the bulk of these 
resources will thus come out of consumption rather than investment.
p. 10
Lines 1-5: Change from "6emo have olaimod that on othioal ggoundo,
« la difficult to support" a—rate—of puwo—time prcfegenoe much 
above eerei” to:

"There is a considerable tradition in the economics literature 
suggesting that on ethical grounds, it is difficult to support a 
rate of pure time preference much above zero because of a resulting 
1975) " future generations (Ramsey, 1928; Mishan,

line 19-20: Add a footnote:
"the assumption that p = o."*"”

FN. Technically, indifference to cross-country inequality at 
a given point in implies instead that the other key parameter, the 
elasticity of marginal utility (6), is zero. For a discussion of 
the tension between the lack of income redistribution across 
countries on the one hand and social evaluation of redistribution 
across generations on the other, see appendix 3B.
p. 10 lines 38-40:

I am skeptical about 16 percent average return on World Bank 
projects. The Bank has in fact been unhappy with the average 

shifted toward greater emphasis on project quality 
Bank Annual Report, 1994, p. 73). what is the source? 

Unless specifically verified, this should be chopped. Replace
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ft^rovicw eg Wogld Dank ^ roal inatn of rg*-----

with

m«ef *‘*^*'~ ”*" P«>^=“t «

P- 11 lln« 27 

KEY ADDITION:
Add the following paragraph;

A oon'tral promlBO in the deeorlptive aoDroach 4-hn+-® timescale of two to^three centuries 
to the earmarking of additional Investments for the purpose of 

compensating future generations for damage from*^ global 
warming. This commitment assumption is perhaps the most fundamental difference between the prescriptive aSd deswip??;®

descriptive approach correspondingly assumes that rates of return to Investment will not decline from 
thSil °wrrent levels despite the time scale of centuries; and that

transfer problem" of being able to 
S services generated by the today's damage-

92SS?“?™^(ST9« *“ “* futLo
p.ll Line 37 Change:

I In principle, though not yet in practice in the cost-
! ^ optimisation analyses of global warming policy■ (chapter___, "integrated Assessment,"), the tSo

alternative approaches appropriately refined could lead to similar
ITfiSUXwS • • • 

p- 14 Line 8
after Rawlsian max-mln principle 
insert (appendix 3B);

p. 14 line 13
"other hand, if p p were positive ... 

p. 15 line 20

general approach strategy taken thyoughout this 
ohaptom by the prescriptive approach (main text) is to calculate
• • •

t>, 15 line 29
.•. discounting total consumption Impacts ee at the srtp.
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p. 17 line 14

approach noted obeve below 

P‘ 28 line 16 

add footnote:
"equivalent per unit of capital (Lyon 1995).*'“

unstable shadow prices (Cline, 1992).
P> 29 line 33

- -■ The result will be equivalent to
Pf 34 line 31-32, Something wrong. States that U" < o is with th, data. But tor th. “at oomon utiUt? 
function, logarithmic, U'(c) = i/c and u"(c) = Convex means
humped upward, in this context, which means that the marginal

which means that the second derivative must be negative. Clarify or else drop lines 31-32.
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May 1, 1995

MEMORANDUM FOR JIM BRUCE, CHAIRMAN IPCC WG3

FROM:

SUBJECT:

Joseph E. Stiglitz

Comments on Synthesis Report: Draft Outline (7 April) and Draft 
Report (20 April)

I am sorry I cannot join you in Athens; pressing business keeps me away. Thank you 
nonetheless for the opportunity to comment on the drafts.

The draft text and outline are a good start, especially on the physical science side. They 
do not yet contain many of the important insights from economics or decision sciences, 
which is where I will focus my suggestions.

I suggest a section that would go between "2. What is projected to happen...?" and "3. 
What options are available...?" in the 7 April outline. The new section would explain 
how to think about climate change from ±e point of view of a decision maker. This 
approach would allow many of the important economic insights to enter the discussion. 
Let me lay out a view of this section, showing how it connects to the sections before and 
after it in the current draft, and how it allows a coherent discussion of many of the major 
economic insights from the Working Group HI report.

To explain the general idea of decision making under uncertainty, it may he helpful to 
refer to Pascal’s wager. In discussing the existence or nonexistence of God, Pascal 
proposed — to put his argument in the language of modem decision analysis - two 
possible states of the world (either there is a God or there is not), and two possible 
actions (I can act as if there is a God, said Pascal, or as if there is no God). If there is a 
God, and I act as if there is, or if there is no God, and I act as if there is not, he said, 
there is no problem. If there is no God and I act as if there is, I will have wasted a 
certain amount of time and energy. But if there is a God and I act as if there is not, 
then I will suffer terrible consequences -- at least according to the theology of the 17th 

century.

Suppose that the (simplified) choice facing the world today is to take aggressive and 
costly action, to take moderate (and moderately costly) action, or to take no action. For 
simplicity, suppose we can make this decision only once, and thereafter are bound by the 
consequences of our choice. And suppose that in 50 years, the current uncertainties in 
climate change science will have been resolved, and we will know either that climate 
change is a big problem, or that it is not a big problem. What should we decide, given 
the information available today? That will depend on the costs of being wrong in either 
direction, and the probabilities that the uncertainty will be resolved either up (no 
problem) or down (big problem). Figure 1 shows the simple decision tree for this
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problem.

The dedsion problem we actually face is of coarse far more coir^lex. First, rather than 
one decision to be made now, there will be many decisions to be made over many years. 
Second, the uncertainties will not be resolved all at once, but rather one by one over 
many decades. Figure 2 shows a more realistic decision tree. An initial decision is to be 
made in 1995. One important uncertainty is resolved in 2010 (e.g., the cost of climate 
change mitigation programs). Learning from this new information, another decision is 
made in 2020, with the final uncertainty (e.g., the cost of climate change damages) 
resolved in 2045. The decision we actually face requires a dedsion process that is 
sequential (like this example), can respond to new information with mid-course 
corrections, and can include insurance, hedging, and the option value of alternative 
courses of action.

The actual problem facing governments is complicated by several other factors: the long 
time lags between emissions and effects, the potential for irreversible damages or costs, 
wide regional variations, multiple greenhouse gases of concern, and the global nature of 
the problem, which means that international trade considerations are crudal, and that 
emissions limitations in one country may be largely or fully offeet by actions in other 
countries. Yet another complication is that the atmosphere is a public good, and 
moreover an international public good, in that all countries benefit from each coimtry’s 
reductions in greenhouse gas emissions.

Even in the presence of these complicating factors, several general conclusions apply. 
First, a well-chosen portfolio of polides will yield greater benefits for a given expenditure 
than any one option undertaken by itself; striking the appropriate balance requires taking 
into account costs, benefits, and risks. Second, effidency requires that emission 
reductions occur where their cost is lowest, irrespective of who bears the financial 
responsibility.

Given the state of knowledge about climate change, what decisions are consistent with 
our preferences and resources? Irrespective of the consequences of climate change, 
polides that mitigate against or assist adaptation to climate change and have zero or 
negative net costs ("no regrets" policies) are clearly justified. If the evidence suggests that 
damages can be expected from climate change, then the expectation of damages provides 
a rationale for going beyond "no regrets" policies to those that incur positive net costs. 
The prindples of risk aversion and portfolio balancing provide a rationale for further 
steps.

Comments on other portions of Draft Outline (7 Apr 95)

2 b) This section should mention differences in regional impacts, including the benefits 
of climate change likely to accrue to some regions.

3 This section should say that through adaptation, markets will offeet at least some of the
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impacts expected from climate change.

4 b) Technological feasibility is perhaps less important than the economic costs of 
alternatives and the timing of emissions reductions. As the 14 Apr draft of the WG3 
Summary for Politymakers puts it, "The overall costs of mitigation can be reduced by 
appropriately timing the reduction of emissions. Minimizing accelerated replacement of 
existing physical capital reduces the cost of achieving a cumulative C02 emissions 
objective."

Also, this section should state that, in principle at least, questions of efficiency (what to 
do) and equity (who bears the burden) can largely be separated.
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EXECUTIVE OFFICE OF THE PRESIDENT 

COUNCIL OF ECONOMIC ADVISERS 

WASHINGTON, D C. 20500

MEMBER

May 2, 1995

MEMORANDUM TO BOB WATSON

FROM: Joseph E. Stiglitz

SUBJECT: Further Comments on "4.0 Decision Making Framework" faxed 5/2

PAGE 1
1. The second paragraph should highlight cost-benefit analysis and decision-theoretic 

frameworks to describe tools of used by economists. Replace the paragraph 
beginning with "Three analytic approaches ..." with:

"Economists focus on the use of cost-benefit analysis and decision-theoretic 
frameworks for deciding on the level at which greenhouse (as concentrations 
should be stabilized)."

2. The fifth paragraph describes the importance of "rate of change constraints" in 
meeting the objectives of Article 2 of the FCCC. If cost-benefit analyses are 
designed properly, they would already include such concerns.

3. The definition of safe minimum standard in the sixth paragraph seems flawed. As it 
is written, the approach is included in cost-benefit analysis.

4. I do not understand paragraph 7.

PAGE 2
1. Paragraph 2 needs to be set in the appropriate context. Following changes should be 

made:

Add this sentence to begin the paragraph: "Some non-economists advocate an 
alternative approach".

Rewrite the second sentence to read: "Environmental standards designed to 
protect human health have been established in some countries using this 
approach, though these standards have increasingly come under attack.

2. The end of paragraph 3. The challenge is to design the best long-term policy, with 
built-in flexibility. The wording of the p<iragraph following the first sentence is 
awkward and possibly misleading, but I believe the concepts are correct.
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May 2, 1995

MEMORANDUM TO BOB WATSON 

FROM: Joseph E. Stiglitz

SUBJECT: Comments on "4.0 Decision Making Framework" faxed 5/2

The text contains some good points, particularly the statement in the last paragraph that 
near-term emissions levels are not sensitive to ultimate stabilization level above 450 
ppm.

It does not, however, provide the reader with the decision making framework promised 
in the title. Rather, it includes observations on a variety of topics of varying degrees of 
importance, loosely strung together, without an underlying structure. To leave it this way 
would be a serious mistake.

I suggest that the section set out a framework for how to think about these issues from 
the point of view of the decision maker. As I indicated in my memo of yesterday 
evening, this simplifies the structure of the problem, and provides the reader with a 
manageable set of issues. It explains the unique analytical complexities of climate 
change, and provides a logical setting for the major conclusions that economic has 
provided to date.

Specific mmmp.nt«>

"The outcome of a collective decision making process often differs from the analytically 
determined global optimum," This seems to open the door to irrational policies. It may 
be true that governments do many things that scientists would not find justified, but we 
should be careful not to provide scientific cover for irrational decisions, merely because 
they are "collective." Also, this comment, the first sentence of the section, is nowhere 
followed up.

"Affordable safe minimum" and "absolute standard" approaches will not make sense to 
economists. I suggest the section not be made to stand or fall on the basis of these 
approaches, as it might invite rejection of the entire package.
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EXECUTIVE OFFICE OF THE PRESIDENT 

COUNCIL OF ECONOMIC ADVISERS 

WASHINGTON, D C. 20500

MEMBER

May 2, 1995

MEMORANDUM FOR JIM BRUCE 

FROM: Joseph E. Stiglitz

SUBJECT: Summary for Policy Makers

cc: Erik Haites

I have read the latest version of the summary for policy makers for WG3, dated April 14th. I 
am passing along the most important concerns. Next week, when I am back from my trip to 
the OECD, I will be able to finish more detailed remarks and give specific examples to 
document the following three points.

1. I think it is imperative that the policymakers summary not emphasize views that deviate 
from the "main stream" without at least appropriately noting that these are not 
mainstream economists’ views. It may be appropriate to refer to non mainstream views, 
but in doing so, it should be noted that these are views that are not widely shared. Not 
doing this will greatly hurt the credibility of the report.

2. While it is important to make the policymakers summary accessible to non-economists, 
one must be careful about using vocabulary which will annoy economists.

3. Finally, one must be extremely careful about normative statements, except when there 
is a clearly stated axiomatic basis. Assertions about values, though they are obviously 
important in making decisions, do not represent part of the scientific contribution that 
WGIII can make.
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4.0 Decision Making li'ranewor-k

DIVANI HOTELS
C?e~r TO -3-. ^(c:4/Tt

f5)<t Coo'7e^'^^

1^001/001

The Framework Conv< ntion on Climate Change establishes a 
collective decision 1 aking process. The outcome of a collective 
decision making prO' :ess often differs from the analytically

f^Jfe^ani lysis;
« safe minimum standard approach? and 
standai d approach.

affori
abso!

A benefit-cost analysIs seeks the atmospheric concentration that 
minimizes the total 30st of climate change damage, mitigation 
cost, and adaptatio 1 cost to society. Economists prefer a 
benefit-cost framewo; k for decision making since this approach 
seeks the outcome thai uses society's resources most efficiently. 
Application of bene Pit-cost analysis to climate change is 
complicated by: the incertalnties inherent in valuing damages, 
assumptions about th' • costs of future energy technologies, the 
long time horizons involved, and the critical role of the 
discount rate.

In general, a benefit-cost analysis would NOT suggest that 
atmospheric concentr .tions of greenhouse gases rise/fall to a 
particular level an I then remain at stable at that level 
Indefinitely. Rather better information on impacts of climate 
change, changes in . < .araage values due to changes in incomes, 
changes in the co sts of energy technologies and o'«:her 
developments would 1«ad to changing optimal concentrations over 
time.

It may be necessary ;o incorporate rate of change constrai.nts 
into the benefit-cosi analysis to meet fully the objectives of 
Article 2. For example, constraints might be needed to allow 
enough time for ecosystems to adjust naturally, to ensure that 
food production is not threatened, or to enable economic 
development to proceed in a sustainable manner.

An affordable safe minimum standard specifies maximum atmospheric 
concentrations of gre jnhouse gases or rate of change based on an 
assessment of the 1 isks associated with and the costs of 
achieving each standa rd. For a proposed standard, the total cost 
is the sum of the clii ate damages incurred, the adaptation costs 
incurred to minimize those damages, and the cost of the least 
cost set of mitigation measures to achieve the stabilization 
level. Conceptually it is possible to compare the total cost of 
a series of possible standards. Such cost estimates are not yet 
available in the litjrature because the integrated assessment 
models needed to make such estimates are still at a relatively 
early stage of develcpment.

For many potential stuidards, the total cost to society will be 
higher than that for the pattern of atmospheric concentrations

termined__through Denefit-cost analysis. The higher cost
represents an ineff cient use of society's resources. ?or

'i'/

CO*—

dj- iytfJ- -

i *Os«L.

e
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Stabilization targets that exceed the highest concentration of
the benefit-cost patt srn the cost of inefficiency falls to !:ero
since there would be no reason to exceed the socially-optimal
pattern. In principDe, then, the loss of efficiency due to
adoption of a safe ] Linimum standard can be made as small as
decision makers wish.
As the concentration and/or rate of change standard rises, the
mitigation costs tend to fall while damages and adaptation costs
rise. Beyond some c.mcentration the mitigation coat savings ^ 
become quite small wh .le damage and adaptation costs continue to « ^
rise. Achieving a giv m standard more quickly tends to raise the y ^

An absolute standard t pproach bases the concentration and/or rate
I - of change standard or predicted bio-physical impacts regardless ,
^ of cost. Environments . standards designed to protect human health AmM
“ ajiB-eft^ established! using this approach. An absolute standard j, , i

approach, however, .is not consistent i>ith Article?? of the ^ InJ^
Convention which stal es that the objectives should be achieved
cost-effectively, (tc be checked) /

One way to cope with .he uncertainties that affect estimation of
benefits and costs is to adjust the decisions continuously as new
information becomes a' -ailable. The available studies suggest that
the economically optlual actions to limit CO, emissions over the
next few decades are very similar for all concentration levels
in excess of 450 ppm’ . The challenge, then, is not to find the ^
best policy now for :he next century, but to select a prudent
strategy and to ad jus : it in the light of new information. Since
climate change strategies are likely to change, there is a risk
that some measures x ill subsequently be uneconomic. However,
Inaction also entails risks. Both of these risks should be
incorporated into th 3 assessment of potential climate change
actions.

J oV<^
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Chapter  3
Intertemporal Equity, Discounting, and Economic Efficiency

Lead Authors;Kenneth J. Arrow, William R. Cline, Karl-Goran Maler,Mohan Munasinghe, and Joseph E. Stiglitz
April, 1995

3.1 Introduction
This chapter focuses on methods tor comparing costs and benefits that Wi at ddferent

are appririately judged in the iight of changing standards of living over time as well as
opportunities for productive investment.

3.1.1 Importance of the Discount Rate
The discount rate is the analytical tool that allows economists to compare economc

(Broome, 1992; Oine, 1992; Nordhaus. 1993); analysts agree that the choice of adiscount rate powerfully affects the analytical results.

amount that must be invested today in the general economy m order to yield the samefuture amount. Greenhouse gas emission control may be viewed asmLv is spent today on emission controls today so that more money (or other benefits)mav he received later in the form of reduced economic costs of global wanning. If the re J rate of return on investment in emission reduction exceeds the rate onr^fehTnes and education, then future generations would be better off if less were unvested
today in machines and education and more in controlling greenhouse gas emissions,converse also holds.

- 1 -
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abatement accrue decades or even centuries into the

I ^at slowtofuse of^”hth 
dtoat’e chaL F?

E-ir”:,"’, "" “s's->
 

 <“ s “—’
The question of the appropriate discount rate involves issues in normative as well as

positive economics. How (ethically) should impacts on future generations be valued*> 

To what extent will investments made to reduce greenhouse g£ eSon dLtce

bJiZZT becaufe three separattsues are

e ng addressed how to discount the welfare or utility of future generations- how to 

iscount future dollars; and how to discount future pollution. Further the argument

specXlLm questions of ethics, and economistfhave no

special claim to professional expertise m questions of ethics.

giLwatiom SuToTahir.'*”'n generations, because future

thTw n T- ®d'fectly the policies being chosen today that will

(Mishan, 1975; Broome, 1992), and because it might not be

polTde" generations for reductions in well-being caused by current

3.1.2 Areas of Agreement and Disagreement

f^prewht^ivB ii^WiHiiai ^ivs ^8 forever.̂  Schellingassumption
 empha of sizeutilitys  that maximithe zatessenceion  by a l^iinlidngleS

25
26 Economists are in general agreement that the proper social rate of discount

on goods is

- 2 -
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p + 0g, where p is the rate of "pure" time preference (the utility discount rate), 0 is the
absolute value of the elasticity of marginal utility, and g is the growth rate of per capita
consumption. In evaluating competing projects, all spending, including investment, is to
be converted into consumption equivalents first, then discounted at the social discount
rate (Arrow and Kurz 1970, Lind 1982).

Economists are also in good agreement on the range of empirical estimates of returns to
investment, and the average interest rate earned or paid by consumers.

In addition, economists generally reject environmentally specific egalitarianism, believing
that future generations can be compensated for some environmental/natural resource
effects by offsetting accumulations of capital. On the other hand, they accept more
generalized (but not, usually, absolute) egalitarianism, believing that differences in the
overall standard of living should be reflected in the discount rate. Thus if future
generations are expected to be wealthier than the current one, extra units of
consumption will be valued less.

Economists disagree on several other issues--the degree of economic efficiency, the
existence of market imperfections and constraints on policy, plus distributional concerns.
These differences drive the differences in conclusions about the discount rate.

The next section sets out the building blocks of the analytical approach, introducing the
key technical terms. There follows a presentation of the two most prominent approaches
to discounting for climate change programs, together with the reasons for the differences
in the conclusions they reach.

3.2 Building Blocks of the Analytical Approach

Economists begin with a social welfare function, an algebraic formulation relating that
"adds up" the consumption of different individuals, yielding a number that measures well­
being for the whole society. The scientific literature begins with analysis of conditions in
the "first best" world: with complete markets and optimal tax policy it can be shown that

»^pojfncIe.Ky, «octel welter^ functions
........................ .......................... ■■■■ ■ ................................................................................ ■

‘ I®, on, p,r«n bolter off^Shoul
.......... .. "

A con.p0.ltl«^ullll®.n:»::pateto oHlclont as long as thete.^imii ....... . X

; cbrnptelo«®ote for al go® at a» dates. But Paraomienbysaysinote 
an al^ldr. tiat g® lading to one person Is geilerally Pareto efficient. Moreover, many

........................................................................................................................................................................................................... ............................................................................................................................................................................. ............... ■ ....................................................

.(cr:P.r^:op.,n.;,

A social welfare function (SWF) combines utilities of different consumers, and in effect selects one 
pareto optimum. For example, the utilitarian SWF is just the sum of different utiiities. W = E u„ 
where the U| are utilities of different individuals. An alternative is the weighted-sum-of-utilities SWF 

: W = ;E di U|, where the a, are the weights assignedJto-each person’s; utility. A third example is the; 
Rawlsian or minimax SWF, W = min {Ui,...,uJ. which takes society’s welfare as the welfare of the

... ............. ...................worst-off person. The SWF is the standard analytical approach to issues of equity.
y.yV;x:xyxy::.;..yy’’’’x::;::,
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the discount rate will equal the marginal product of capital, which will equal the interest
rate faced by both producers and consumers (Lind 1982).

In this case, an optimal path must be efficient in three senses (Lind 1982):

1) production: the marginal rate of transformation in production between one period and
the next, and thus the marginal product of capital, equals the producer rate of interest
for all goods: MRTj (t,t+l) = r , i.e. the marginal rate of transformation for any good j
from period t to period t+1 equals the producer rate of interest r.

2) consumption: the ratio the marginal utility of consumption in period t to the marginal
utility of consumption in period t+1 equals 1 plus the consumer interest rate, or
MUQ(t)/MUQ(t+l) = 1 + i ; and

3) overall: the consumer interest rate equals the producer interest rate for all goods, for
all consumers, in all time periods: i = r.

The literature then addresses departures from the "first-best" assumptions. If
intergenerational transfers are possible, then the efficiency requirement continues to
hold, and the discount rate must equal the marginal product of capital (Stiglitz 1982).
Even with a non-optimal tax policy (i.e., with differing tax rates on different forms of
income), but with no constraints on income transfers, efficiency is still required, but the
discount rate may not equal the marginal product of capital (Stiglitz 1982). In this case,
no single discount rate can be applied; rather, efficiency requires project-specific discount
rates. With sub-optimal taxes, and constraints on intergenerational transfers, market rates
are no longer a reliable indicator of the appropriate discount rate, which may be greater
than or less than the before-tax return on investment (Stiglitz 1982). In this case, no
general theoretical rule connects the discount rate to any observed market rate, although
market rates still contain valuable information that should be used in arriving at a
discount rate.

What is called below the prescriptive approach begins with a social welfare function
constructed from ethical principles. It emphasizes departures from "first-best" conditions,
especially non-optimality of the tax system, and constraints on intergenerational transfers.
What will be called the descriptive approach, on the other hand, begins with the the
SWF implied by actual government and private decisions (the prescriptive approach, in
contrast, implicitly assumes this SWF is wrong, and attempts to improve on it). The
descriptive approach says that decisions or public investments should be consistent with
this SWF, and looks to actual behavior to determine a discount rate consistent with that
SWF. While the descriptive approach assumes that governments are already undertaking
transfers across generations that are optimal under the prevailing SWF, the prescriptive
approach assumes that governments cannot or will not do so.
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3.2 Prescriptive Approach

Those who hold the prescriptive view emphasize:

1) market imperfections, especially suboptimal tax policy;

2) constraints on policy, especially the difficulty in making transfers to future generations;

3) distribution. They acknowledge that using a low discount rate means some sacrifice in 
efficiency; but they point to the suboptimal structure of current tax policy, and believe 
that, as with other programs with a goal of distributional equity (such as food subsidies), 
the gain in equity justifies some loss in efficiency; and

4) equalizing the marginal utility of consumption. They assert that public investment 
should equalize the marginal utility of society’s consumption at different times.

3.3.1 Formulation of Prescriptive Approach

The fundamental equation for the discount rate of consumption, or the "social rate of 
time preference" (SRTP) is, as stated above:

3.1) SRTP = p + 0g

The first term (p) is the rate at which utility is discounted because it occurs later rather 
than sooner. Sometimes this term, the rate of pure time preference, is referred to as 
discounting for impatience or myopia. The second term (0g) is the rate at which 
changes in consumption levels are discounted to be translated into the resulting changes 
in utility or welfare levels. The idea is that if per capita consumption is growing a rate g, 
then an extra unit of consumption in the future should be discounted by the term 0g to 
take account of the lower marginal to utility of consumption at higher consumption 
levels.

Even if future generations are given weight equal to that for current generations, so that 
pure time preference (p) is zero, there could still be an important basis for discounting 
future consumption: people are expected to be better off, so that an extra unit of 
consumption would not be worth as much in the future as today. OTHER 
REASONS? **♦ Thus, if technological change continues at its pace over the last century, 
with productivity and living standards doubling every thirty years or so, then marginal 
changes in consumption of those future generations should be weighed much less. This 
consideration is captured by the second right-hand term in equation 3.1.

The prescriptive approach arrives at the following conclusions:
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1. For discounting total impacts on consumption (or welfare) across generations: The
social rate of time preference, which reflects society’s views concerning trade-offs of
consumption across generations, should be employed. The proper discount rate, while
affected by observed market (producer) rates of interest through the effect of market
rates on the value of foregone investment alternatives, are not in general equal to these
market rates.

2. For discounting direct costs and benefits of a greenhouse mitigation project: The cost
of a greenhouse mitigation project must include the foregone benefits of other competing
investments not undertaken. If a mitigation project would displace private investment,
and returns to both projects accrue to the same generations, then it is appropriate to use
the opportunity cost of capital — the private return — in discounting. Only after doing
this will it be appropriate to use the social rate of time preference.

3. Evaluating risk: uncertainty about the impacts (changes in consumption) can be
incorporated by analyzing their certainty equivalents (the certain result that would make
an individual indifferent between it and the uncertain outcome), and discounting the
certainty equivalents in the manner described above.

4. Evaluating environmental impacts: environmental impacts can be incorporated in an
analogous way—converting them to consumption equivalents, and discounting at the rate
described above. Under plausible assumptions, the relative price of environmental goods
will increase over time, which would have consequences equivalent to adopting a lower
discount rate for such goods at unchanged prices.

Appendix 3B (Technical Notes) discusses these issues in more detail.

3.3.4 Discount Rate Estimates - Prescriptive Approach

The prescriptive approach, beginning with a SWF derived from ethical principles, leads
to low discount rates for changes in consumption of future generations. With high rates
of productivity increase (and high g), of the order of 1.5%, and high values of the
elasticity of marginal utility (0), the social discount rate is of the order of 3%; with low
rates of productivity increase, of the order of .5%, and low values of the elasticity of
marginal utility, the social discount rate is of the order of .5%.

It must be emphasized that these discount rates apply to consumption only, and that
they can be applied only after the foregone benefits of other investments have been
included in the costs of the program.

♦♦♦Move this sentence^^♦Those who advocate the prescriptive case sometimes claim that
without the ability to make intergenerational transfers, and without the right tax policy.
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the SRTP will in general fall below the producer rate of interest.

In general, there is no reason why the discount rate should be constant over time even if 
p and 0 are constant, since g need not be constant. In fact, if we assume a gloomy 
scenario where future output and consumption decline, then g and thus the SRTP may 
be negative (Munasinghe, 1993).

Developing countries, with higher rates of productivity increase, can justify higher rates 
of discount, at least until the gap between their standards of living and those of the more 
developed countries has been closed. With labor productivity increases and per capita 
income growth of the order experienced by the Asian miracle countries of 5 to 8% per 
year, and elasticities of marginal utility of 2, discount rates of the order of 10% to 16% 
could be justified. Similarly, low-income countries close to subsistence levels could have 
high elasticities of marginal utility (rapid dropoff of marginal utility from initially 
extremely high levels associated with privation), so that their SRTPs could be high even 
if they were experiencing slow growth over long periods. These distinctions have 
important implications for global warming policy, because they would tend to mean that 
the calculus of trading off present abatement costs against future benefits from avoidance 
of global warming damage could be less attractive for developing countries than for 
industrial countries. However, there are other elements in the calculus that could go the 
other way, such as the likelihood of higher relative future damage from global warming 
for the developing countries (see chapter 6).

Specific applications in the still new economic literature on global warming have adopted 
different discount rates. To follow the approach suggested by Cline (1992), with a zero 
rate of pure time preference (p), and using the consumption growth rate of 1.6% per 
capita from the IPCC scenarios (IPCC 1992) multiplied by an elasticity of marginal 
utility (0) of 1.5, gives an SRTP of 2.4%. If instead it is assumed that per capita growth 
is only 1% (perhaps because of slower growth after 100 years), or if 0 = 1, then the 
SRTP becomes 1.5%. After taking account of the share of resources coming out of 
capital (20% economy-wide, versus 80% out of consumption) and taking into account the 
opportunity cost of displaced capital and depreciation, the effective discount rate 
becomes 2% to 3%.

Annex 3A gives details of the mathematics of the social rate of time preference. In 
using the SRTP approach, we value the total change in consumption at each date, not 
just the direct outputs of the project. If the project displaces private investment that has a 
high marginal product, then there will be a large loss in output and future consumption 
resulting from the displacement. The prescriptive view takes into account opportunity 
costs in calculating changes in consumption, but in valuing the changes in consumption, 
uses the SRTP. In short, all effects are converted to their consumption equivalents, then 
discounted at the SRTP.
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3.4 Descriptive Approach

The descriptive approach begins with the SWF inferred by the evidence from actual
government and private decisions. Believing that no justification exists for choosing a
SWF other than what decision makers actually use, advocates of the descriptive approach
advise decision makers to choose the action that satisfies the intertemporal efficiency
conditions, and thus leads to the greatest total consumption (Nordhaus 1994). In this
approach, transfers to future generations, if necessary, are to be considered separately.
Advocates of the descriptive approach often call for infering the social discount rate
from current rates of return and growth rates (Manne 1994).

3.4.1 Formulation of Descriptive Approach

The descriptive approach to the discount rate looks at returns to investments in the real
world, and with this information seeks intertemporal efficiency. It asks: could
consumption be increased at one date without decreasing it at any other?

The descriptive approach says that if a policy is not intertemporally efficient, it should
not be adopted. An important difference between the two approaches is that the
descriptive approach includes the opportunity cost of capital directly, while the
prescriptive approach includes it indirectly, as the example of project evaluation
illustrates (see box below). Most global warming optimization models (e.g. Nordhaus,
1993a, b; Peck and Teisberg, 1992; Manne et al, 1993) rely on the descriptive approach.
In practice, both approaches may lead to similar results, and similar policy
recommendations.

Combine and Fix next 2 paras

Some have claimed that on ethical grounds, it is difficult to support a rate of pure time
preference much above zero. But on the same ethical grounds it is equally difficult to
support development assistance budgets for the OECD countries that average as low as
one quarter of one percent of GDP, to cite one example. Yet this is what occurs in the
real world.
That opportunity costs (market rates of return) usually exceed the SRTP suggests the

existence of better alternatives than those barely satisf^ng, say, a two percent rate of
return criterion. At this point the question becomes: why has the SRTP not been
brought into accord with observed market rates of return? In the context of climate
change, the central argument of the prescriptionists is that other alternatives are not
feasible. As suggested earlier, society is not likely to be able to set aside investments
over the next three centuries and earmark the proceeds the eventual compensation of
those adversely affected by global warming. Even if such a commitment could somehow
be made, there would be no guarantee that the rate of return on capital would remain
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where it is today over this period.

Accordingly, if the long-term consumption rate of discount is 1% to 2%, say the 
prescriptionists, then a climate change investment returning 2% is better than no

Example: Project Evaluation using prescriptive and descriptive approaches

Suppose a gre^hoiise mitigation project ii ui^dr consideration, if undertaken now^ it wiii cost 
$1 million. If not undertaken, a new sea wall might bei r^uired in year 50; costing $10 million. If 
it is necessary^ building a sea wall would avoid damages of $ 1 million per year.

capital cost: $ 1 million
time until damages begin 50 years
cost of sea wall, year 50 $10 m
avoided damages; years 50,51,52.53,... 1 m/yr
opportunity cost of capital; 5 %

The decision maker has 4 options:
a. Do nothing (year 0), do nothing (year 50)
b. ponothing(0),buildseawallifnecessary(50)~
c. Mitigation project (0), do nothing (50)
d. Other Investment (0). build sea wall if necessary (50)

The stream of ben^its is as follows:

plf;•.•x-y'xtt*::;: IlHiill 51

llllllilil iillillli
iiii^ i-iliil-i 1.0 ;

tK 1.0

IIBlH mm 11.5 1.0 1.0 ...

At most plausible discount rates, option b dominates option a - l.e. if the sea level rises, it Is 
better to build the sea wall than do nothing. Option d dominates option c. as Investing the $1 
nilion in year 0 at 5% yields $11.5 million in year 50, enough to build the sea wall with $1.5 
mUlion left over. But option d may be institutionally infeasible, as there may be no way to put 
aside $1 million today and leave it untouched for 50 years in a sort of Fund for Future 
Greenhouse Victims. If d is infeasible, then the choice between b and c will depend on the 
value attached to the extra consumption along path b in years 0 to 49; this will depend on the 
consumption rate of discount.
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investment at all. To the argument that a discount rate of 2% is glaringly inconsistent
with observed behavior (e.g., government spending on education or research,
development assistance by donor countries), prescriptionists reply that just because the
government fails to allocate resources properly in one area is no reason to insist that
decisions in other areas be consistent with that initial decision.

Estimated returns on financial assets and direct investment

3.4.1 Returns to Investment and Discount Rate Estimates -- Descriptive Approach

Nordhaus (1994), Lind (1994), Birdsall and Steer (1993), and Manne (1994), among
others, have all stressed the importance of the opportunity cost of capital. A review of
World Bank projects
estimated a real rate of
return of 16 %at project
completion; one study 
found returns of 26% for
primary education in 
developing countries.
Even in the OECD
countries, equities have
yielded over 5% for
many decades, after
corporate and other
taxes, comparable to a
pretax rate of at least
7%.

Further, selecting a low
discount rate of 2%
implies far more
investment than actually
occurs in any country
now, and thus would
require a big jump in
savings rates to finance
the increased investment
(Maime 1994).

Maime uses a standard
growth model to

Asset Period Real return (%)

High-income industrial
countries:
equities 1960-84 5.4 (a)
bonds 1960-84 1.6(a)
nonresidential capital 1975-90 15.1 (b)
gvt. short-term bonds 1960-90 0.3 (c)

U.S.
equities 1925-92 6.5 (a)
all private 
capital, pretax 1963-85 5.7 (d)
corporate capital, 
posttax 1963-85 5.7 (e)
real estate 1960-84 5.5 (a)
farmland 1947-84 5.5 (a)
Treasury bills 1926-86 0.3 (C)

Developing countries:
primary education various 26(0
higher education various 13(0

Sources:(a) Ibbotson and Brinson 1987, updated by Nordhaus 
1994; (b) UNDP 1992, table 4., results for G-7 countries: (c) Cline 
1992; (d) Stockfisch 1982, 1989; (e) Brainard, Shapiro, and Shoven 
1991; (f) Psacharopoulos 1985.
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examine the relation between discount rates and savings rates in the context of 
developed economies. He finds that discount rates of one or two percent imply an 
unrealistically rapid near-term increase in the rate of investment. Manne thus concludes 
that a rate this low is grossly inconsistent with observed or plausibly anticipated behavior. 
On the other hand, critics might interpret Manne’s analysis as showing that the 
intertemporal equilibrium established by market economies differs markedly from that 
corresponding to the solution of an intertemporal maximization problem based on a 
social welfare function derived from ethical considerations^

But even if savings could be increased enough to drive the discount rate to one or two 
percent, climate change investments would still have to compete with many other public 
and private investments offering higher returns. Birdsall and Steer of the World Bank 
(1993) explain the problem;

... we feel that meeting the needs of future generations will only be possible if 
investable resources are channeled to projects and programs with the highest 
environmental, social, and economic rates of return. This is much less likely to 
happen if the discount rate is set significantly lower than the cost of capital.

These apparently small differences in rate of return result in large differences in long-run 
results. An investment at even 5% returns 18 times more than one at 2% over 100 
years. Thus, society would be foolish to forgo a 5% investment for a 2% investment.

The descriptive position in effect assumes no constraints on bequests to future 
generations, and no tax distortions. As has been demonstrated (Stiglitz 1982), in the 
presence of constraints on transferring income to the future, maximizing the SWF need 
not imply productive efficiency, which means that the producer’s rate of interest need not 
be the social discount rate.
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Annex 3A
Methodological Notes on Discounting

3A.1 Intertemporal Maximization of Well-Being

In an influential series of articles, Koopmans (1960) conducted a series of thought- 
experiments on intertemporal choice so as to see the implications of alternative sets of
ethical assumptions in plausible worlds. He suggested that we can have no direct
intuition about the validity of discounting future well-beings, unless we know something
concrete about feasible development paths. Applying this approach, Mirrlees (1967) and
Chakravarty (1969) showed that in plausible economic models for developing countries,
not to discount future well-being could imply that the present generation be asked to
save and invest around 50 per cent of gross national product — a stiff requirement when
GNP is low. Nonetheless, these models tended to assume high rates of return on capital
(a constant 33 percent rate in Chakravarty, 1969) and to consider time periods of
decades rather than centuries. It is unclear that their findings hold for the centuries- 
scale problem of global warming, in part because of the much lower likely average return
to capital over this time.

Koopmans (1960) considered the set of feasible consumption paths (from the present to
the indefinite future) and the corresponding set of welfare or "well-being" paths. These
paths could then be ordered to select the optimum path of well-being, according to the
criterion:

3A.l)z = J,=o W(c.) e-'»‘dt

where p > 0.

Correspondingly, the discount rate for the time path of consumption is:

3A.2) i.=i(c,) =p + 0(c,) [dc,/dt]/c.

where 6(c,) is the elasticity of marginal well-being, or marginal utility, at time t (Arrow
and Kiirz, 1970). (Note that whereas the main text treats this term as a constant, it is
explicitly considered to vary with the level of consumption in the treatment here.) Along
a full optimum path, the consumption rate of discount equals the productivity of capital
(i.e. the social rate of return on investment). This is the famous Ramsey Rule (Ramsey
1928).

A convenient form of W is that giving a constant elasticity of marginal utility, such as:

3A.3) W(c) = c-^
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As discussed in the text, the larger is the rate of pure time preference (p) the lower is 
the weight accorded to future generations’ well-being relative to that of the present 
generation. Mirrlee’s (1967) computations essentially introduced this sort of bias (p > 0) 
as a way of countering the advantages to be enjoyed by future generations, should the 
productivity of capital and technological progress prove to be powerful engines of 
growth.

A higher value of 0 means greater emphasis on intergenerational equity. As 0 the 
well-being functional in 3A.1) resembles more and more the Rawlsian max-min principle; 
in the limit, optimal growth is zero.

In 3A.3), W(c) is has no minimum value. If p = 0, this ensures that very low 
consumption rates are penalized by the optimality criterion reflected in (3A.1). On 
the other hand, if p were positive, low consumption rates by generations sufficiently 
far in the future would not penalized by (3A.1). This means that unless the economy is 
sufficiently productive, optimal consumption will tend to zero in the very long run. 
Dasgupta and Heal (1974) and Solow (1974a) showed in a model economy with 
exhaustible resources that optimal consumption declines to zero in the very long run if p 
> 0 and in the absence of technical change, but that it increases to infinity if p=0.

It is in such examples that notions of sustainable development can offer some analytical 
guidance. If by sustainable development we mean that the chosen consumption path 
should never fall short of some stipulated, positive level, then it follows that the value of 
p would need to be adjusted downward in a suitable manner to ensure that the optimal 
consumption path meet the requirement. This was the substance of Solow’s remark (see 
Solow, 1974b) that, in the economies of exhaustible resources the choice of p can be a 
matter of considerable moment.

So far an assumption underlying this discussion has been that well-being or utility has not 
been bounded. If we restrict well-being to be bounded, other results obtain, because of 
the mathematical properties of the space of bounded sequences. For such sequences 
present value calculations are not rich enough to capture all of the subtleties of 
evaluation of a utility stream. Instead, one has to add to the present value another term. 
Chichilnisky (1994) has suggested that the present value term represents the requirement 
that the future should not be a dictator over the present; and that the second term 
represents the requirement that the present should not be a dictator over the future. This 
second term will in general have the form of a long-term average. It could be 
approximated by minimum requirements for the long run stocks of environmental 
resources. This formulation attempts to account for both basic levels of human needs 
and limitations on total resources.

Resource Sourcing and the Consumption versus Investment Discount Rate
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Sandmo and Dreze (1971) address the choice of the correct rate of discount to use in the
public sector when there are distortions in the economy, e.g. in the form of taxes, which
prevent the equalization of marginal rates of substitution and transformation in the
private sector. Under certain assumptions, the corporate tax drives a wedge between the
marginal rate of time preference of consumers and the marginal rate of transformation
in private firms.

They find that for a closed economy:

3A.4) l + r<l + i< 1 + r/l-t

where r is the consumer interest rate, t is the tax rate, and i is the public sector’s
discount rate. This rate should thus be a weighted average of the rate facing consumers
and the tax-distorted rate used by firms. Since 1 + r measures the marginal opportunity
cost of transferring a unit of resources from private consumption, and since 1+ r/(l-t) is
the measure for transfers from private investment, a unit of resources transferred from
the private to the public sector should be valued according to how much of it comes out
of consumption and how much out of investment^.

The general approach taken throughout this chapter is to calculate impacts on
consumption, and to find the appropriate discount factor for discounting those changes.
We are, in effect, taking consumption as our numeraire. This is convenient and natural,
but there are other ways of performing the calculations, using other numeraires. Using
other numeraires, relative prices over time (discount factors) will differ from those
associated with the consumption numeraire. The failure to recognize this is a great
source of confusion in ♦he discounting literature. Thus, as suggested in section 3.7, if
environmental goods had been chosen as the numeraire, the discount rate could even
have been negative. It is important to remember, however, that nothing substantive
depends on the choice of numeraire.

By the same token, if for example systematic relationships exist between the outputs and
inputs of a project and the totaJ changes in consumption they induce, and if consumption
changes over time, then instead of discounting total consumption impacts as the SRTP,
one could calculate the direct impacts using another discount factor. The discussion
above of the Sandmo-Dreze formulation is a case in point. These alternatives do not
provide prescriptions, only alternative formulas for arriving at the same point.

The discrepancy between public evaluation of a marginal dollar to future generations,
and individuals’ own intertemporal evaluations can arise even in the case of very simple
social welfare functions. Thus, assume that there is a utilitarian social welfare function,
which simply adds up the utility of successive generations, and for simplicity, assume
each generation lives for only two periods. The t“' generation’s utility is represented by a
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Utility function of the form:

3A.5) U‘(c\,

where the first argument refers to consumption the first period of the individual’s life, 
the second to consumption the second period. Then observed market rates of interest 
refer to how individuals are willing to trade off consumption over their own life. These 
may or may not bear a close correspondence to how society is willing to trade off 
consumption across generations. The former corresponds to uVu‘i, while the latter 
corresponds to u‘^\/u\.

If the government has engaged n optimal intertemporal redistribution and does not face 
constraints in imposing lump sum (i.e. nondistorting) taxes on each generation, then the 
two will be the same, and equal to the marginal rate of transformation (in production, 
i.e. the return to investment). But whenever either of these conditions is not satisfied, 
then market rates of interest facing consumers (measuring their own marginal rates of 
substitution) need bear no close relationship to society’s marginal rate of substitution 
across generations. Diamond and Mirrlees (1970, 1971) show that if the only reason for 
the discrepancy between producer and consumer interest rates is optimally determined 
commodity taxes, and there are no after-tax profits, possibly because there is a 100% 
pure profits tax, then the government should use the producer rate of interest. Stiglitz 
and Dasgupta (1971) have shown that this result does not hold if either of these 
assumptions is dropped.

Under certain circumstances (in particular the existence of optimal intergenerational 
lump sum transfers), asymptotically the producer late of interest will equal the pure rate 
of time preference of society. More generally, when the government must resort to 
distortionary taxes, not only is this not true, but the rates of discount employed may 
reflect distributional considerations (see Stiglitz 1985).

Appendbc 3B: Technical Notes on Discounting

The Social Welfare Function and Interpersonal Comparisons of Utility

Economists have long debated the equity of discounting distant future benefits (Ramsey, 
1928; Mishan, 1975; Rawls, 1971; Sen, 1982). The standard approach to issues of equity 
since Bergson (1938) has been to summarize views about interpersonal equity in the 
form of a social welfare function, an algebraic formulation relating welfare to levels of 
consumption of the society’s members at a given point in time and across time. 
Arguments about the choice among alternative social welfare functions then turn on the 
ability to derive a particular function from sound theoretical principles (seemingly
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plausible axioms), and about the resulting reasonableness of its derived implications.

While all social welfare functions have been criticized for assuming interpersonal
comparability of utility, there seems to be no way of addressing the ethical issues
involved in making decisions affecting different generations without making some
assumptions implicitly or explicitly about interpersonal comparability. Two polar views
are represented by the utilitarian approach, in which social welfare is the sum of utilities;
and the Rawlsian approach, in which social welfare reflects the welfare of the worst-off
individuals. While the utilitarian approach can be derived from what many view as a
persuasive axiomatic (theoretical) structure (Harsanyi, 1955), the Rawlsian approach is
derived from a "max-min" strategy (maximize the minimum outcome for any given party)
popular in game theory, but which itself does not rest on widely accepted axiomatic
principles.

The Rawlsian max-min principle is the strongest in assuring (the least fortunate groups
of) future generations levels of consumption at least as great as that of (the least
fortunate groups of) the current generation. It is consistent with the Brown-Weiss (1989)
approach noted above. The max-min criterion permits inequality in consumption
between individuals (or in this case, between generations) only if it improves the position
of the poorest. (For the remainder of this chapter, we shall simplify by ignoring
inequality within a generation.) In the absence of technical change this would imply that
consumption per head should be the same for all generations. By contrast, the utilitarian
criterion allows, in principle, future consumption to fall below current consumption,
provided the current generation is made sufficiently better off as a result.
Correspondingly, it also allows for decreases in present consumption, provided the future
generation is made sufficiently better off as a result.

The Rawls and utilitarian social welfare functions can be viewed as limiting cases of
more general social welfare functions embracing social values of equality (Atkinson,
1971; Rothschild, and Stiglitz, 1973). In practice, so long as there is sufficient scope for
technological change, optimizing any egalitarian social welfare function over time yields
increases in consumption per capita. Moreover, with any of the approaches, earlier
generations are entitled to draw down the pool of exhaustible resources so long as they
add to the stock of reproducible capital.

The individualistic social welfare function, accepted by most economists as the basis of
ethical judgments, accepts individuals’ own relative valuations of different goods. It does
not place separate valuations on unequal access to particular goods, other than through
their effects on the affected individuals. For example, Thurow (date) argued that income
distribution is a public good, but that its value could be captured in individuals’
valuations. Although this represents the consensus view, some economists have insisted
that for particular goods, individuals’ valuations need not be the basis of societal
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valuations. For instance, Tobin (1970), in what he called specific egalitarianism, argued 
that society might argue for greater equality in distribution of health care than would be 
reflected in individuals’ own evaluations. Most economists, however, reject this view.

Sen (1982) similarly suggests a basis for not discounting when environmental effects are 
in question. He argues that a fundamental right of the future generation may be 
violated when the environment is degraded by the present generation, and that the 
resulting "oppression" of the future generation is inappropriate even if that generation is 
richer than the present and has a lower marginal utility of consumption. In this 
framework, intertemporal equity for environmental questions requires "a rejection of 
’welfarism,’ which judges social states exclusively by their personal welfare 
characteristics."

Relation to Market Rates of Interest

Economists have long recognized that a competitive market equilibrium yields a (Pareto) 
efficient outcome, under appropriate conditions (perfect competition, no externalities, 
etc.). The distribution of income that it yields, however, does not in general maximize 
any particular social welfare function. It is a well recognized function of government to 
intervene in the distribution of income, e.g. by establishing programs for the very poor. 
By the same token, the intertemporal distribution of welfare that emerges from the 
market will not, in general, maximize any particular social welfare function discussed in 
the preceding section. While it is a legitimate function of government to intervene to 
change the intergenerational distribution of welfare, there is no presumption that the 
government has in fact intervened so that the observed resource allocations are those 
that maximize intertemporal social welfare, --cp M on Nordhaus et al.~*** Moreover, in 
the case of climate change, no one government exists to make these decisions.

In general, the market rate of interest-the relative price of consumption of one 
generation in one year of its life to consumption in another year-will not equal the 
SRTP. In standard life cycle models, even with no technological progress and an 
economy in steady state, there would be no discounting for society’s purposes - each 
generation is identical, so the marginal utility of consumption of each is the same. 
Nonetheless, the market rate of interest will be positive in any efficient equilibrium 
under certain reasonable assumptions about utility functions (such as individual 
impatience and zero bequest motive; Diamond, 1965). In such models the market rate of 
interest would thus always overestimate the SRTP. Under some special conditions, with 
governments intervening with non-distortionary taxation to optimally redistribute income 
across generations, then observed market rates of interest will accord with the SRTP.
But these are highly specialized conditions. (See Stiglitz, 1985, Pestieau, 1972). The 
market rate of interest, of course, remains relevant, because it reflects the opportunity 
cost of capital; the changes in consumption generated by any change in policy will be
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Strongly affected by the opportunity cost of capital, as the discussion below will illustrate.

Treatment of Future Generations: Sustainable Development

The concern for fairness to future generations has long undergirded the environmental
movement. This concern spans a broad range of political, social, and ethical
considerations and viewpoints; a proper formal treatment poses special challenges to
economic science. Perhaps best known among recent formulations, the report of the
Commission on Environment and Development (United Nations, 1987), led by
Norwegian Prime Minister Gro Harlem Brundtland, called for "sustainable development,"
defined as economic activity that "meets the needs of the present without compromising
the ability of future generations to meet their own needs" (United Nations, 1987; for a
discussion of sustainable development, see sections 1.6 above and 3.6 below). Similarly,
Brown-Weiss (1989, 25) has argued from the standpoint of international law that "each
generation is entitled to inherit a planet and cultural resource base at least as good as
that of previous generations."

A consensus exists among economists that this does not imply that future generations
should inherit a world with at least as much of every resource; such a view would
preclude consuming any exhaustible natural resource. The common interpretation is that
an increase in the stock of capital (physical or human) can compensate for a decline in
the stock of a natural resource. Under most calculations, given the savings rates of all
but the lowest-saving countries in the world, most countries now pass this test of
sustainability.

Economics has long recognized the concept of sustainability. Hicks (1938) used the idea
in defining net national income. Neoclassical growth theory (Phelps 1961, Meade date,
Robinson 1962) advanced the idea of sustainability in its formulation of the "Golden
Rule": that coniSguration of the economy giving the highest level of consumption per
head that can be maintained indefinitely. A recent extension has proposed the "Green
golden rule" (Beltratti, Chichilnitsky, and Heal 1993). The recent economic debate on
sustainable development has focused on two issues: 1) intertemporal equity and 2)
capital accumulation and substitutability.

Intertemporal equity. Robert Solow’s definition (Solow, 1992) focuses on
intertemporal equity: sustainable development requires that future generations be able to
be at least as well off as current generations. Sustainable development does not
preclude the use of exhaustible natural resources, but requires that any use be
appropriately offset. Likewise, any environmental degradation must be offset by an
increase in productive capital sufficient to enable future generations to obtain at least
the same standard of living as those alive today.
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Capital accumulation and substitutability. Solow’s definition, and much of 
economic theory to date, implicitly assumes that substitutes exist or could be found for 
all resources. If substitution possibilities are high, as most evidence from economic 
history indicates, then no single resource is indispensable, and intertemporal equity 
stands as the only crucial issue (Pearce 1988). If on the other hand, human and natural 
capital are complements or only partial substitutes then different classes of assets must 
be treated differently, and some assets are to be preserved at all costs.

Some have argued that the future damages from global warming are on the order of 1 to 
2 percent of GDP or less, whereas aggressive abatement costs are larger (Nordhaus, 
1993). If this is the case, then taking costly actions now to mitigate global climate change 
later must rest on one of two arguments: First, that prudence calls for avoiding a large- 
scale-experiment with the planet, and avoiding climate change lies beyond normal 
economic calculus; or second, that the potential exists for large, sudden, irreversible non- 
linearities with major effects on the economy, particularly the economy of certain 
countries or regions.

Others have argued that if a longer time horizon is considered than that of the 
conventional benchmark of 2xC02, and if upper bound warming and damages are taken 
into account, and considering the range of estimates for abatement costs, then even a 
standard economic analysis using the social discounting approach outlined here can 
conclude that the benefits of aggressive action outweigh the costs on economic grounds 
(Cline, 1992). This result obtains even though technical progress permits future per 
capita incomes eventually to be much higher than present, because given conventional 
estimates of the elasticity of marginal utility, the intergenerational bargain of exchjmging 
modest costs today for large avoided damages in the future remains attractive. In this 
case, the two considerations just noted simply reinforce this conclusion.

In many developing countries, Solow’s definition would not be viewed as acceptable, 
since it seems to place no weight on their aspirations for growth and development. 
Further, formal models analyzing optimal development paths using a min-max (Rawlsian) 
criterion would, of course, focus exclusively on the welfare of the less developed 
countries in the first place (Note that in Rawls’ formulation, 0= «). But the prescription 
would be simple: massive redistribution from the North to the South immediately, 
without introducing the complication of long-term environmental problems. Even if 
there were limits on the transfers, it would suggest that all of the costs of mitigation- 
including those occurring within the South- be borne by the North.

Of course, even the utilitarian approach (0< «) would tend to lead to higher general 
income transfers to poor countries than presently observed. Adherents of the descriptive 
approach would ask why the utilitarian construct is appropriate when considering 
intergenerational equity (as in the identification of the SRTP suggested in equation 3.1)
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if it is not applied in practice across (or, for that matter, within) countries at the present.
In one sense, this question is another application of the principle suggested above that in
the absence of optimal redistribution intervention by the government, observed market
rates (in this case of North-South transfers) will not necessarily or likely equal social
rates. Alternatively, the equity norm suggested here may not be widely shared by
governments or voters.

Some might seek to explain the paucity of present-day North-South transfers on grounds
of incentive effects. TTius, the massive marginal tax rates on the North that would be
required to equalize income levels with the South could seriously reduce the amount of
output available for redistribution. Perhaps more relevant (in view of the modest but
unfiilfilled international targets for grant aid), the problems of still unaddressed poverty
within the North and sharp inequality within many developing countries complicate
attempts to improve overall welfare through North-South transfers. The fundamental
explanation, however, is that each country tends to consider primarily the welfare of its
own citizens, and only secondarily that of others.

Despite the political constraints on present-day North-South transfers that would
otherwise be recommended by the utilitarian approach, the time-discounting concepts of
that approach, and the SRTP in particular, remain valid subject to these constraints.
Thus, consider a matrix with two rows -- North and South - and two columns - present
and future. The SRTP can appropriately be applied between the two columns along
each row, even if there is a barrier to its application between the two rows. Leaders and
publics in developing countries have cause for concern about their descendants just as do
their counterparts in developed countries. As noted above, however, the value of the
SRTP is likely to be higher for the South row than for the North row.

At the same time, both the Rawlsian and utilitarian approaches imply that the South
should actively engage in mitigation financed by transfers from the North, so that
efficient mitigation can be obtained. Any Pareto efficient development path (including
any reasonable definition of sustainable development) must have this property of
efficient mitigation. Thus, the level of mitigation should be set based on the eventual
target of greenhouse gas stabilization and implied levels of world emissions (without
regard to where those emissions originate). The magnitudes of actions required to attain
those levels of world emissions will, of course, depend on the rates of growth of the less
developed countries as well as the increased energy efficiency among both the developed
and developing countries.

Adjustments to the Discount Rate

Impatience. In a society in which income levels are not expected to rise, impatience may
still cause a household (or the present generation) to discount the future (generation).
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that is, to equate a smaller amount of consumption today with a larger amount in the 
future. In his classic paper on optimal saving, Ramsey (1928, p. 543) judged that any 
allowance for pure time preference (p> 0) "is ethically indefensible and arises merely 
from the weakness of the imagination." Correspondingly, he argued that future 
generations should have equal standing with the current generation; there was no 
moral or ethical basis for weighing the welfare of future generations less than that of 
the current generation.

For an individual, some non-zero value of pure time preference can make sense, because 
he or she has a finite life and thus uncertainty about being alive to enjoy future 
consumption. Nonetheless, for a life span of 70 years, pure time preference at even 1 
percent per annum implies that consumption at the end of life is worth only half that at 
the beginning. Evidence also suggests that individuals’ discount rates can change over 
time, with lower discount rates being used for longer time horizons (Thaler and 
Lowenstein 1989).

Considerations for society as a whole are different. The approach described earlier asks: 
if society values different generations in a particular way (the social welfare function), 
how should changes in consumption in different generations be compared? How society 
values different generations can be viewed then from two different perspectives: 1) How 
should society value different generations (an ethical approach); or 2) How does the 
current generation value the consumption of future generations. Ramsey’s analysis 
focused on the ethical presumption that consumption by all generations should have 
equal value. But this does not exclude the possibility that as a matter of description the 
current generation gives less value to consumption of future generations.

- *** summarize in main text? ***-Discounting for Rising Levels of Consumption and 
Utility. In equation 3.1, SRTP = p + 0g, the second term on the right-hand side raises 
two questions. First, what are reasonable expectations concerning increases in per 
capita income (growth rate g in the equation)? Second, how should intertemporal 
differences in expected consumption per capita be translated into social weights, that is, 
marginal valuations of dollars of future income. This second question refers to the 
parameter 0, the elasticity of marginal utility. This parameter essentially tells how 
rapidly the additional utility from an extra unit of consumption drops off as consumption 
rises.

No consensus on the first question has emerged. The low levels of productivity increase 
over the past two decades have raised the question: were the high rates of technological 
change experienced in the decades following World War II an aberration? Or are the 
low rates experienced from 1973 until 1993 an aberration?

While it is also the case that no consensus has emerged on the answer to the second
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question, there is a generally accepted method for approaching the issue. The evaluation
of any individual’s consumption can be summarized by a utility function of the form U =
U(c) where the parentheses indicate that U, utility, is a function of c, per capita
consumption. Marginal utility is positive (U’(c) > 0), but it declines as consumption
rises (U"(c) < 0). That is why if consumption of some future generation is higher, the
marginal valuation of its consumption will be lower. The question is, how much lower?
Formally, the answer is given by the elasticity of marginal utility (0) or: [dU’/U’]/[dc/c].

Individuals in their day-to-day decision making reveal information about their
perceptions concerning their own utility functions, in at least two different contexts:
behavior towards risk and intertemporal allocation of consumption. In both contexts,
there seems to be a consensus on elasticities of marginal utilities in the range of 1 to 2,
even though the empirical studies require strong assumptions about the specific form of
the utility function (symmetric and time-separable).

Thus, one of the most commonly used utility functions, logarithmic utility, implies 0=1,
meaning that if income rises by 1% the marginal utility of consumption falls by 1%.
Attempts to estimate this elasticity by Fellner (1967) and Scott (1989) both place it
somewhat higher, at 1.5; whereas recent estimates reviewed by Pearce and Ulph (1994)
place it in the vicinity of 0.8.

Just as the choice of the rate of pure time preference (p) has important implications for
intergenerational equity, as discussed above, so does the choice of the elasticity of
marginal utility. The more weight the society gives to intergenerational equity, the higher
the value of 0. Thus, a value of, say, 3, would mean that it would require a 30 percent
rise in the next generation’s per capita consumption to warrant a 10 percent reduction in
that of the present generation; or, under a bleaker outlook, that if the future generation
is expected to be poorer than the present, the present would be prepared to accept a 30
percent reduction in consumption to secure a 10 percent increase in that of the future
generation (so long as the two relative consumption levels did not reverse). Even a
unitary value is equity oriented, however. When 0= 1, a 10 percent reduction in the
richer generation’s income will be an acceptable trade-off for a 10 percent increase in
that of the poorer generation, even though the absolute reduction of the one exceeds the
absolute increase of the other (because the absolute consumption base of the one is
larger than that of the other)^.

Discounting for Risk. The standard treatment of risk in models involving impacts over a
single individual’s life is not to raise the discount rate for riskier projects, but instead to
convert probabilistic consumption patterns into their certainty equivalents and then
discount the results at the standard rate. The same should be true for the pure time
preference component of the SRTP when discounting across generations. This
component should remain unchanged with respect to risk, and the influence of risk

- 22 -



1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

May 1, 1995 2:31 pm

should be incorporated in the stream of expected consumption effects instead.

There would seem to be an argument for varying the growth-based component of the 
SRTP with respect to risk, however. If there is uncertainty about the rate of per capita 
income growth, g, then consider the effect on the component 6g in the SRTP. Suppose 
there are two scenarios each with 50 percent probability: per capita income growth of 1 
percent and per capita growth of 2 percent. TTiere will be two resulting possible streams 
of marginal utility over time. The stream of expected value of marginal utility will be 
the average of these two streams. But if marginal utility is a convex function of 
consumption^ this average will be greater than the stream of marginal utility generated 
by considering the simple average growth rate over time, 1.5 percent. That is, with 
diminishing marginal utility, at any point in time marginal utility along the path for 1.5 
percent growth will be closer to that of the 2 percent growth path than to that of the 1 
percent growth path. Correspondingly, the expected marginal utility path lying halfway 
between the two scenarios will coincide with the marginal utility stream for a growth rate 
closer to 1 percent than to 2 percent. Essentially, the expected value of marginal utility is 
greater than the marginal utility of expected income. C^n this basis, there would be 
grounds for reducing the growth-based component of the SRTP under circumstances of 
risk. Because the risk in predicting per capita growth on centuries-scale horizons is high, 
this consideration is particularly relevant for the problem of global warming.

Fourth, issues of discounting involve the relative values of goods at different dates, and 
thus intertemporal pricing. Issues of pricing of risk need to be carefully separated out 
from those involving intertemporal pricing. The standard procedure for conventional 
models, involving impacts over a single individual’s life, involves converting probabilistic 
consumption patterns into their certainty equivalents, and then discounting at the social 
rate of time preference - not the incorporation of an incremental component into the 
discount rate itself. This procedure does not, however, deal adequately with 
uncertainties about future rates of growth of per capita income. Such uncertainties are 
much greater over centuries-scale horizons.
Fifth, issues of equity can be treated in a way analogous to those of risk, through the use 
of certainty equivalents (Atkinson 1970, Rothschild and Stiglitz 1974), though the likely 
effect on the appropriate rate of discount have yet to be thoroughly studied.

Discounting Utility for Empathic Distance. Rothenberg (1993) and Schelling (1993) 
have suggested that althou^ non-zero pure time preference might make sense for an 

initial two or three decades, beyond a certain future point it makes no sense to apply 
further discounting of consumption for pure time preference. Thus: "as the future 
recedes... single generations come to be perceived more and more as homogeneous 
entities (Rothenberg). Similarly: "time may serve as a kind of measure of 
distance....Beyond certain distances there may be no further depreciation for time.
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culture, geography, race, or kinship" (Schelling). A graph of the fraction of face value
accorded to each successive generation (for constant real consumption) would thus be a
series of declining, successively shallower steps that eventually reach a horizontal plateau.
A deep plateau signifies major discounting for empathic distance; a horizontal line
beginning and remaining at unity is the zero pure time preference rate across
generations recommended by Ramsey. Policy based on empathetic distance (a shelf
lower than unity) may be more defensible in a normative sense when the action is
refraining from conferring a windfall gain (as in penurious aid budgets) than when it
involves the imposition of windfall damage (as in global warming’s effects on future
generations).

Discounting Utility for Human Extinction. One argument focuses on the fact that there
is no- absolute certainty that future generations will exist since any number of
catastrophic events could occur. This argument, which might be called the "asteroid
effect," might argue that it would make no sense to give up consumption today for the
generation 200 years from now because it may not come into existence. Some
economists believe it is appropriate for this reason to discount future consumption to
reflect the inherent uncertainty in future conditions. However, the probability of human
extinction would seem sufficiently small (especially within a time frame of two to three
centuries) that the quantitative magnitude of discounting for this purpose is likely to be
extremely small.

Thus, according to some estimates the probability that an individual will die because an
asteroid hits the earth during his or her lifespan is of the same order of magnitude as the
probability that he or she will die in an airplane crash (about one in ten thousand). The
chances of earth’s collision with an asteroid large enough to cause species extinction
(such as the 10-km-diameter object believed by some to have caused the
Cretaceous/Tertiary dinosaur extinction) is far smaller (Wetherill and Shoemaker, 1982).
However, to be generous to the extinction argument and for purposes of illustration,
consider the individual risk at one in 10,000. The three-century horizon appropriate for
global wanning analysis is about four life spans, so set the probability of asteroid impact
over this period at 1/2,500, for purposes of illustration. Then at the end of this period, a
given economic effect should be discounted enough to shrink its value by one- 2,500th.
The discount rate required for this shrinkage is vanishingly small (= 0.133x10"^ percent
per annum).

Perhaps one reason the optimal growth literature includes discounting for extinction is
that most of the literature emerged during the cold war, when nuclear annihilation was
more plausible than today. For public policy purposes, even under those conditions it is
arguably inappropriate to incorporate analytical assumptions that take as a premise the
failure of policy (breakdown into nuclear war). In any event this motive for
extinction-based discounting would seem even less appropriate for the future.
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Discounting Utility for Acceptable Optimization Results. Another argument for non-zero 
pure time preference is that setting the rate at zero could imply that the present 
generation should accept near-starvation consumption levels, and correspondingly low 
utility, because with even very small returns on investment, an endless stream of future 
generations could enjoy increased consumption and (to a lesser degree) utility as a result.

To some extent, however, this concern is already addressed in the overall discount rate 
equation (3.1). As noted, the first term in that equation discounts utility (pure time 
preference), but the second term additionally discounts consumption to take account of 
falling marginal utility. The present generation is protected against an optimizing 
program setting its consumption near zero if the term for elasticity of marginal utility (0) 
is large enough and marginal utility drops off fast enough to rule out impoverishment of 
the {wesent generation for gains to future generations.

More fundamentally, a basic concern about zero pure time preference has to do with the 
mathematics of maximization over an infinite time horizon. If the utility function has no 
upper limit, any savings-investment optimization problem is not well defined, because the 
sum of utilities over time is infinite. There is some literature (Weizsacker 1965) 
proposing criteria (the "overtaking criterion") to address this problem, but the 
implications of these criteria for climate policy have not been examined.

Even when the optimization problem is made well-defined, for the purposes here, e.g., if 
there is an upper bound to utility (as in the function in annex equation 3A.3), there is a 
tendency toward knife-edge results, with one extreme outcome for zero pure time 
preference and the opposite extreme for non-zero rates. Thus, whereas the concern of 
Koopmans (1965), Mirlees (1974), and Chakravarty (1969) is that zero pure time 
preference can suppress current consumption to unacceptably low levels, just the 
opposite result can be reached in optimization models that take exhaustible resources 
into account. In some specifications of such models (Dasgupta and Heal, 1974; Solow, 
1974a), any pure time preference rate in excess of zero generates the unacceptable result 
that optimal consumption falls to zero over the very-long term (although Stiglitz, 1974, 
shows that this awkward conclusion is not robust with respect to alternative assumptions 
about technological change, production functions, and utility functions).

Knife-edge results can of course result from other properties of utility maximization 
models as well (depending, for example, on whether the production fonction has 
non-unitary elasticity of substitution between factors, or whether capital-augmenting 
technical change is zero or positive). Focusing on the mathematical and knife-edge 
complications of optimization approaches, they do not go far toward specifying the 
proper magnitude for the rate of pure time preference, even though they might be seen 
as providing a set of arguments that the rate is greater than zero. Thus, considering the 
infinite horizon in such models, an infinitesimally small but non-zero rate of pure time
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preference could suffice to avoid prejudicing the optimal consumption path against the
present generation, depending on other assumptions of the model.

Another attack on very low discount rates is provided by those models concluding that
low discount rates imply unreasonably high savings rates, particularly in poor economies.
Only by raising the discount rate to higher, "more reasonable" numbers can savings rates
of the kind actually observed be obtained (e.g. Mirlees, 1967; Chakravarty, 1969). This
illustrates a general problem with models founded on utilitarianism: they may imply very
large sacrifices from one generation or other group. This argument also assumes that
the model captures accurately the structure of the economy; typically, however, these
models imply much higher rates of return on capital than are in fact observed in
LDCs. For example, Chakravarty (1969) assumes constant return on capital at 33
percent. Instead, the small differences between advanced and developing countries in
observed rates of return in spite of large differences in capital-labor ratios suggests either
that the economies are not on the same production function, or that the constant returns
to scale production function models employed are inappropriate. (See Stiglitz, 1988,
Lucas, 1988).

Producer or Consumer Interest Rates?

♦♦♦summary should go in main body^^^
A large literature has debated whether, for small changes in consumption levels,
observed rates of interest provide the appropriate basis of trading off government
expenditures and changes in consumption of individuals of different generations at
different dates. In a world in which there was no taxation, no market distortions, and a
single individual living forever (or else "dynastic" utility functions in which individuals
take full account of their descendants’ welfare), society’s intertemporal discount rate
should presumably correspond to that of the representative individual, and his trade-offs
across time would be given by the market rate of interest.

But these assumptions are not generally satisfied, as evidenced by the marked
discrepancy between the lower interest rates on savings typically facing consumers and
the higher rates earned on investments by producers.

Part of the source of the frequent confusion about appropriate discount rates is a
confusion about what is being discounted. In the social discount rate approach, what is
being discounted is changes in consumption at different dates. Typically, in the producer
interest rate approach, what is being discounted are the direct cash flows from the
project. The two need not be inconsistent; under certain conditions, using producer
interest rates in evaluating direct cash flows and using the social discount rate in
evaluating changes in consumption will give the same results - but only under the
specialized conditions specified earlier.
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Four schools of thought have emerged on the proper discount rate for public policy.
One suggests that it should be the producer interest rate, representing the private rate of 
transformation between investment today and output in the future; one, the consumer 
interest rate; one, that it should be some combination of the two; and one, that it should 
have nothing to do with either. In the absence of any non-distortionary intertemporal 
social welfare maximization by the government, we have already noted the general result 
that the rate of discount should be neither.

In special cases, however, one of the other three schools of thought may be 
correct. For instance, if the government were comparing two projects, both of which cost 
the same, and both of which yielded their output in the same year, then a comparison of 
the rates of return would provide an appropriate basis of choosing among projects. Cline 
(1992) proposes a shadow price of capital set equal to the present discounted value of an 
aimuity paying equal annual installments over a lifetime of N years (set at 15 years for 
the lifetime of typical capital equipment), with a return of r equal to the rate of return 
on capital, and discounted at the social rate of time preference (SRTP). With plausible 
ranges for N, r, and SRTP, the shadow price of capital tends to be in the range of 1-1/2 
to 2 units of consumption equivalent per unit of capital.

If a public project displaced a private project of equal cost, the same reasoning 
would imply that the government should only undertake the public project if the rate of 
return exceeded the rate of return in the private sector (Stiglitz, 1982). More generally, 
when the government undertakes a project, complex general equilibrium effects can be 
expected. The full consumption effects of these changes (or their consumption 
equivalents) need to be calculated, and then discounted using the SRTP (Arrow and 
Kurz, 1970; Feldstein, 1970; Bradford, 1975; Stiglitz, 1982). Implementation of this 
approach can apply a shadow price of capital to convert all investment effects into their 
(magnified) consumption equivalents, and then apply the social rate of time preference 
for consumption to discount the resulting stream of consumption equivalents (Lind, 1982; 
Gramlich, 1990). A shadow price of capital greater than unity reflects the fact that the 
rate of return on capital exceeds the SRTP; care must be exercised in evaluating the 
shadow price and its path over time (Cline, 1992).

Sometimes, as just discussed, one can look at the direct expenditures and apply an 
adjusted discount factor, the public sector discount rate. There is a large literature 
emphasizing different aspects of the adjustment methodology. One body of literature 
emphasizes the effects on consumption versus investment, deriving a weighted average of 
the consumption and investment rates of return, with weights depending on the 
respective importance of the sources of finance (Sandmo and Dreze, 1971). Within the 
literature on optimal taxation and production (where the discrepancy between producer 
and consumer rates of interest arises from optimally determined tax rates), if the 
government is relatively unrestricted in the set of commodity taxes that it can impose,
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the producer rate of interest should be used to discount (Diamond and Mirrlees, 1971;
Pestieau, 1974). However, in the more relevant regime in which government faces
constraints on the sets of taxes that are imposed, there is no simple relationship between
the appropriate public sector discount rate and the producer interest rate (Stiglitz and
Dasgupta, 1971, Stiglitz, 1985, 1988 ).

Discounting Environmental Impacts

The essence of social discounting is to convert all effects into their consumption
equivalents at the proper relative prices, and then to discount the resulting stream of
consumption equivalents at the social rate of time preference. Incorporating
environmental effects thus does not change the SRTP itself, but requires special
attention to the proper relative pricing of environmental goods over time.While there is
a generally accepted approach to valuing goods, there is less consensus concerning
valuation of environmental impacts, other than those valued solely for their impacts on
the production of goods. The question is addressed within the public finance literature
in terms of the valuation of public goods. Assume consumers have utility functions of
the form U = U(c,G) where G is some public good (e.g., quality of the environment).
Then marginal rates of substitution between c at different dates may bear no
correspondence to marginal rates of substitution between G at different dates. This
implies that there is no justification for discounting environmental degradation at market
rates of interest The appropriate procedure entails converting the environmental change
into contemporaneous consumption benefits, and discounting those.

Technical progress and structural change over the past several decades have resulted in
improvements in several measures of environment^ quality in the developed countries
(World Bank 1992). Moreover, recorded reserves of many "exhaustible resources" have
actually increased over the last century, accompanied by a fall in their real prices. This
provides evidence that continued growth in per capita incomes will result in improved
environmental quality in at least some dimensions. Some have supposed, however, that
environmental degradation will occur as society grows (Weitzman 1993). If this occurs or,
more likely, if the environment is an income elastic good on which people are willing to
spend relatively more as their income rises, then the marginal rate of substitution
between environmental quality and private goods will systematically change over time,
toward a higher relative marginal value of the environment. The result equivalent to
using a low (or even negative) discount rate for environmental amenities (see annex 3A),
with prices unchanged. However, it is important to reiterate that this process involves
properly valuing future environmental benefits in arriving at the future flow of
consumption, and does not change the appropriate discount rate itself at which the
consumption stream should be discounted.

Much of the environmental literature critical of cost-benefit analysis, in contrast, argues
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for a zero discount rate without seeming to recognize the distinction between a zero rate 
of pure time preference (p) and a zero social rate of time preference (SRTP; see, e.g., 
Daly and Cobb, 1991; Norgaard and Howarth, 1991). But from equation 3.1, so long as 
consumption growth is positive there will be a nonzero SRTP. Similarly, some modern 
philosophers make the same mistake (e. g. Parfit, 1984; Cowen and Parfit, 1992).

Finally, there has been considerable discussion about the proper discounting method for 
environmental projects of institutions such as the Global Environmental Facility of the 
World Bank (see e.g. Munasinghe, 1993). The method that follows from the social 
cost-benefit approach is to obtain consumption equivalents of the environmental effects 
over time and then discount at the SRTP. The consumption equivalents of carbon 
emissions, for example, can be evaluated by applying the carbon shadow price from 
models of global warming damage and optimal abatement, so long as those models 
themselves are implemented with discounting based on appropriate values for the rate of 
pure time preference and the elasticity of marginal utility (Cline, 1993). Within a fixed 
institutional investment budget, it m^y be that the collection of potential projects that 
successfully passes a cost-benefit test on this basis more than exhausts available funds. If 
so, efficient trade-offs within the menu of projects will appropriately involve cutoffs at a 
higher shadow price in funds drawn from the institutional budget - but always with 
benefits evaluation based on the consumption equivalence principle just outlined.

NOTES

1. Such results are consistent with standard life cycle models, without government intervention. On the other 
hand, they are not consistent with dynastic models, in which each generation incorporates into its own utility 
function the utility of future generations in a manner exactly analogous to the way future generations are 
incorporated into the social welfare function (Barro date). However, considerable evidence weighs against 
Barro’s hypothesis.

2. For an open economy, the elasticity-adjusted rate on foreign loans also enters the calculus. However, for 
analysis of a global issue, this extension is probably inappropriate, as globally the economy is closed.

3. With a non-utilitarian social welfare function, social welfare may be written in the form, e.g.,

S = G(U(C)).

If G = U, then it is clear that the rate at which social marginal utility diminishes with increases in 
consumption may differ from the rate at which private marginal utility diminishes, so that evidence about the 
latter is only partially relevant for the former.

4. There is a strong consensus within the economics profession that individual’s marginal utility is convex.
The behavioral implications with respect to risk of the assumption that U" < 0 are consistently rejected by 
the data (it would imply, in particular, that absolute risk aversion strongly increases with consumption).

- 29 -



May 1, 1995 2:31 pm

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

References

Arrow, K.J. 1982. "The Rate of Discount on Public Investments with Imperfect Capital
Markets," in Lind 1982.

Arrow, K.J. and M. Kurz, 1970. Public Investment, the Rate of Return and Optimal
Fiscal Policy, Baltimore: Johns Hopkins University Press.

Atkinson, A.B., 1970. "On the Measurement of Inequality" in Journal of Economic
Theory. 2: 244-63.

Bergson, A., 1938. "A Reformulation of Certain Aspects of Welfare Economics" in
Quarterly Journal of Economics. 52: 310-334.

Birdsall, N. and Steer, A. 1993. "Act Now on Global Warming - But Don’t Cook the
Books." Finance and Development. 30(11. pp. 6-8.

Bradford, D.F., 1975. "Constraints on Government Investment Opportunities and the
Choice of Discount Rate" in American Economic Review 65(50): 887-899.

Broome, J., 1992. Counting the Costs of Global Warming, Cambridge: White Horse
Press.

Brown-Weiss, E., 1989. In Fairness to Future Generations: International Law. Common
Patrimony, and Intergenerational Equity, Tokyo: University Nations University.

Chakravarty, S., 1969. Capital and Development Planning. Cambridge MIT Press.

Chichilnisky, G., 1994. "Global Environmental Risks and Financial Instruments" in G.
Pillet and F. Gassmann (eds.). Toward a Decision Making Framework to Address
Climate Change. Report of the IPCC Working Group III Writing Team II Montreux
Meeting, March 3-6. Switzerland: Wurenligen & Villigen. Paul Scherrer Institute.

Chichilnisky, Graciela, 1994. "What is Sustainable Development?" (New York: Columbia
Univ., mimeogr.)

Cline, W.R., 1992. The Economics of Global Warming. Washington DC: Institute for
International Economics.

Cline, W.R., 1993. "Modelling Economically Efficient Abatement of Greenhouse Gases".
Paper presented at the United Nations University Conference on "Global Environment,
Energy and Economic Development", September 1993. Tokyo.

- 30 -



May 1, 1995 2:31 pm

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Cowen, T. and D. Parfit. 1992. "Against the Social Discount Rate" in P. Laslett and J. 
Fishkin (eds.), Philosophy, Politics and Society; Series VI, Future Generations. Yale 

University Press.

Daly, H.E. and J.B. Cobb. 1989. For the Common Good. Boston MA: Beacon Press.

Dasgupta, P., S. A. Marglin, and A. K. Sen, 1972. Guidelines for Project Evaluation 
(New York: UNIDO)

Dasgupta, P., and G.M. Heal, 1974, "The Optimal Depletion of Exhaustible Resources" 
in Review of Economic Studies, Symposium.

Diamond, P.A., 1965, "The Evaluation of Infinite Utility Streams," in Econometrica 33; 
170. [chk AER?: National Debt in a neoclassical growth model. AER. 55: 1126-50/]

Diamond, P., and J. Mirrlees, 1971. "Optimal Taxation and Public Production. I and II," 
American Economic Review, vol. 61 (March and June), pp. 8-27 and 261-278.

Feldstein, M.S., 1970. "Financing in the Evaluation of Public Expenditure". Discussion 
Paper No. 132. Cambridge MA: Harvard Institute for Economic Research (August).

Fellner, W., 1967. "Operational Utility: The Theoretical Background and a 
Measurement" in Ten Economic Studies in the Tradition of Irvina Fisher. New York; 
John Wiley and Sons.

Gramlich, E.M., 1990. A Guide to Cost-Benefit Analysis. Second Edition. Englewood 
Cliffs NJ: Prentice Hall.

Harberger, Arnold C., 1973. Project Evaluation: Collected Essays (Chicago: Markham)

Harsanyi, J.C., 1955. "Cardinal Welfare, Individualistic Ethics, and Interpersonal 
Comparisons of Utility" in Journal of Political Economy. 63; 309-321.

Hicks, J.R. 1938. Value and Capital. London; publisher.

Howarth, R. B., and R.B. Norgaard, 1992. "Environmental Valuation under Sustainable 
Development," American Economic Review vol. 82: pp. 473-477.

Ibbotson, R.G., and Brinson, G.P. 1987. Investment Markets. New York; McGraw-Hill, 
updated in Nordhaus 1994.

Intergovernmental Panel on Climate Change. 1990a. Climate Change, the IPCC

- 31 -



May 1, 1995 2:31 pm

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Scientific Assessment. Report from Working Group I. Cambridge: Cambridge University
Press.

Koopmans, T.C., 1960. "Stationary Ordinal Utility and Impatience" in Econometrica 28:
287-309.

Koopmans,T.C., 1966. "On the Concept of Optimal Economic Growth," in Econometric
Approach to Development (Illinois: Rand MCNally)

Lind, R.C., ed., 1982. Discounting for Time and Risk in Energy Policy. Washington DC:
Resources for the Future.

Lind, R.C. 1994. "Intergenerational Equity, Discounting, and the Role of Cost-benefit
Analysis in Evaluating Global Climate Policy," in Nakicenovic, et al., eds.

Little, I. M. D., and J. A. Mirrlees, 1974. Project Appraisal and Planning in Developing
Countries (London: Heinemann)

Lucas, R. "On the Mechanics of Economic Development," Journal of Monetary
Economics, July, vol. 22, no. 1, pp. 3-42.

Manne, A.S., R. Mendelsohn, and R.G. Richels, 1993. "MERGE- A Model for
Evaluating Regional and Global Effects of Greenhouse Gas Reduction Policies". Mimeo.
Electric Power Research Institute, Palo Alto CA.

Manne, A.S., "The Rate of Time Preference: Implications for the Greenhouse Debate,"
in Nakicenovic et al. 1994.

Mirrlees, J. A., 1967. "Optimum Growth when Technology is Changing" in Review of
Economic Studies 34: 95-124.

Mishan, EJ., 1975. Cost Benefit Analysis: An Informal Introduction. London: Allen &
Unwin.

Munasinghe, M., 1993. Environmental Economics and Sustainable Development.
Washington DC: World Bank.

Nakicenovic, N., W.D. Nordhaus, R. Richels, and F.L. Toth, eds. 1994. Integrative
Assessment of Mitigation. Impacts, and Adaptation to Climate Change: Proceedings of a
Workshop held on 13-15 October 1993. Laxenburg, Austria: International Institute of
Applied Systems Analysis.

- 32 -



May 1, 1995 2:31 pm

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Nordhaus, W. D., 1994. Managing the Global Commons: The Economics of Climate 
Change. Mimeo. Cambridge, MA: MIT Press.

Nordhaus, W.D., 1993b. "Reflections on the Economics of Climate change" in Journal of 
Economic Perspectives. 7(4): 11-25.

Nordhaus, W.D., 1993c. "Climate and Economic Development: Climates Past and 
Future" in Annual Conference on Development Economics. Washington DC: World 
Bank.

Nordhaus, W.D., 1991. "To Slow or not to Slow: The Economics of the Greenhouse 
Effect" in Economic Journal 101(407): 920-937.

Parfit, D., 1983. "Energy Policy and the Further Future: the Identity Problem," in D. 
MacLean and P.G. Brown, eds., 1983. Energy and the Future (Totowa, New Jersey: 
Rowman and Littlefield, PP. 38-58)

Pearce, D.W., and D. Ulph, 1994. "Estimating a Social Discount Rate for the United 
Kingdom", Mimeo. Centre for Social and Economic Research on the Global 
Environment, University College London and University of East Anglia.

Peck, S.C. and T.J. Teisberg, 1992. "CETA: A Model for Carbon Emissions Trajectory 
Assessment" in Energy Journal 13(1): 55-77.

Pestieau, P. M., 1974. "Optimal Taxation and the Discount Rate for Public Investment in 
a Growth Setting," Journal of Public Economics vol. 3, pp. 217-35.

Pohl, G., and D. Mihaljek (1989), "Project Evaluation in Practice," unpublished paper. 
World Bank (December), quoted in Richard N. Cooper, Environmental and Resource 
Policies for the World Economy. Washington, D.C.: Brookings Institution, 1994.

Pscharopoulos, George (1985), "Returns to Education: A Further International Update and Implications," 
Journal of Human Resources 20 (fall), 583-604, cited in Nordhaus (1994).

Ramsey, F.P., 1928. "A Mathematical Theory of Saving", in Economic Journal 138(152): 543-559.

Rawls, J., 1971. A Theory of Justice. Cambridge MA: Harvard University Press.

Rothenberg, J., 1993. "Economic Perspectives on Time Comparisons" m C. Nazli., ed.. Global Accord: 
Environmental Challenges and International Responses. Cambridge MA: MIT Press.

Rothschild, M., and J.E. Stiglitz, 1973. "Some Further Results in the Measurement of Inequality" in Journal 
of Economic Theory. 6; 188-204. '

- 33 -



May 1, 1995 2:31 pm

1
2
3
4
5
6
7

. 8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Sandmo, A., and J.H. Dreze, 1971, "Discount Rates for Public Investment Under Uncertainty" in 
International Economic Review 2: 169-208.

Schelling, T.C., 1993. "Intergenerational Discounting". Mimeo. University of Maryland, College Park 
(November).

Schmalensee, R., 1993. "Symposium on Global Climate Change" in Journal of Economic Persrectives. 7(4): 3- 
10.

Scott, M.F., 1989. A New View of Economic Growth. Oxford: Clarendon Press.

Sen, A., 1982. "Approaches to the Choice of Discount Rates for Social Benefit-Cost Analysis" in R. Lind et 
al., eds., Discountmg for Time and Risk in Energy Policy, 325-53. Washington DC: Resources for the 
Future.

Sen, A., 1967. "Isolation, Assurance and the Social Rate of Discount" in Quarterly Journal of Economics 81. 
no pages given

Solow, R., 1974a. "Intergenerational Equity and Exhaustible Resources" in Review of Economic Studies, 
Symposium.

Solow, R., 1974b. "The Economics of Resources or the Resources of Economics" in American Economic 
Association: Parers and Proceedings 64(2): 1-14.

Solow, R., 1992. "An Almost Practical Step Toward Sustainability," Washington: Resources for the Future.

Stiglitz, J.E., 1988. "Economic Organization, Information and Development" in H. Chenery and T.N. 
Srinivasan, eds., Handbook of Development Economics. 94-160. Elsevier Science Publishers.

Stiglitz, J.E., 1985. "Ineq’iality and Capital Taxation." Mimeo. IMSSS Technical Report #457. Stanford 
University. (July).

Stiglitz, J.E., 1982. "The Rate of Discount for Cost-Benefit Analysis and the Theory of the Second Best" in 
R. Lind et al., eds., Discounting for Time and Risk in Energy Policy. 151-204. Washington DC: Resources for
the Future.

Stiglitz, J.E., 1974. "Growth with Exhaustible Resources: Efficient and Optimal Paths" in Review of Economic 
Studies, Symposium.

Stiglitz, J.E., and P. Dasgupta, 1971. "Differential Taxation, Public Goods, and Economic Efficiency" in The 
Review of Economic Studies 37(2): 151-174.

Sundquist, E.T., 1990. "Long-Term Aspects of Future Atmospheric CO2 and Sea-Level Changes", in R.R. 
Revelle et al., Sea-Level Change. National Research Council, Washington DC: National Academy Press.

Tobin, James, 1970. "On Limiting the Domain of Inequality," Journal of Law and Economics, vol. 13, no. 2, 
October, pp. 263-77.

United Nations, 1987. Our Common Future. Commission on Environmental Development. (Brundtland 
Report).

- 34 -



1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21

May 1, 1995 2:31 pm

Weitzman, M.L. 1993. "On the Environmental Discount Rate," Journal of Environmental Economics and 
Management, v. 26, no. 2, pp. 200-209.

Weizsacker, C.C. von, 1%5. "Existence of Optimal Programs of Accumulation for an Infinite Time Horizon” 
in Review of Economic Studies 32: 85-104.

Wetherill, G.W., and E.M. Shoemaker, 1982. "Collision of Astronomically Observable Bodies with the Earth" 
in Leon Silver et al.. Geological Implications of Impacts of Large Asteroids and Comets on the Earth, 
Boulder, CO: Geological Society of America.

Phelps, E. 1961. "The Golden Rule of Accumulation: A Fable for Growth Men." American Economic 
Review 51, September, pp. 638-43.

Meade, J. Golden Rule article

Robinson, J. 1%2. "A Neo-classical Theorem." Review of Economic Studies 29, June, pp. 219-226.

Beltratti, A., G. Chichilnisky, and G. Heal, 1993. "Sustainable Growth and the Green Golden Rule." National 
Bureau of Economic ^Research, Working Paper 4430, August, 29 pp.

Thaler and Lowenstein 1989.

- 35 -



04/18/95 07:30 0202 534 8715 USGCKP OFFICE ST1GLIT2 @001/003

r

OFnCE OF THE U.S. GLOBAL CHANGE
RESEARCH PROGRAM

300 D Street, S.W^ Suite S40, Washington, D.C. 20024

mCNE: (202) 651.8250/8240 
PAX: (202) 554.6715/6858
e-^mall: offlcetOusgcrp.gov

TO: Lead Authors of IPCCWGni Chapter 1:

R> Squitieri
J. Stlglltz

FROM: Susan Henson

SUBJECT: Late Reviewer Comments on Chapter 1

DATE: April 18, 2995

Thii fax cwelits of 3 pagafe)
MESSAGE: ' ...............................................*.............

The attached comments were inadvertently omitted from the U.S* review
process. If it is not too late, please consider them.

Thank you.

Susan Henson



04/18/95 07:36 0202 554 8715 USGCRP OFFICE
_ 04-04-1995 li:47PM FROM OCS/ECONOMECS GROUP TO

STIGLIT2
920J5546715

121002/003
P.02

CowMiita on IPCC Vorhing Cntup 111 {Eeanomies} Assossment

C^fu

TKe fo1tDw4no are atf coMentj OH pogo 1-2-, 31-32, and 51-52 of the draft IPCC 
Working Sroup HI Second AaMsstnent Report. The conneiitc are noted on the 
attached draft itMlf. /UUnionally, to ensure legibility, the consents are 
listed belon tccorsing to pagi and line numbor.
in Italics,) 

Page Nuniber

(ny eepUnetory cdnnents ere

um WMiter coment

1
1

32

32

32

2P
14

2

3

S-7

Chanse "stir to "will"

Chinge "reducing" to "iricraaslng" ?
Change "coal" to '‘prevad’' [rhere icecioe £o 
pa eenfuvf'an btih here enif in note luuiper 
S4: It is not Ibiokw whether al7 coal 
stocks here ret ibeen d/scortred. It seems 
the (/isetfssien bsms tc rofer to "proved" 
or “uifproegd" retems - «rA»'cA exist hath 
far coal and for oil and aiasraJs. The 
sirtellltt KCMnts reJeased by Depirtjssni 
of Cemarce found that edditions are stf77 
being made to proved reserves of al] 
nrtneralSt Inchniing coal.}
Change "b11 or minerals" to "'possible.' 
'probable,' or 'undiscovered' ranarves"

Change "Four" xo "Varloue" end delete 
"{Peskin and Lutz}" iMueh work■has boon 
dene since the Peskin apd Lutz 
discussion.]
Delete "uaeil rerently in the United 
States," [TA* U.S. compiles pollution 
obetMent axpaiditura data but does net 
tiselt to a^ust GDP. Also, this is ah 
outdated referateo; the u.s. has done xork 
since, see edit for item djj



04/lS/flS 07;37 0202 SS4 071S USCCRP OFFICE
04-04-1995 ll:47flM FROM DCS/'ECQNOniCS GROIP TO STIGLIT2

92025546715
121003/003

P.03

MW ,11 MO

50

SZ

S2

52

25

28

3«-37

Iiuart A; Chongs itak d} to:
MCintly. ths mind System of Netleiul 
Accounts 1W3 {SNA) ond the U.N. Handbook
on Integrated Envlronoontal and EcBfiamlc
Accounting (SE£A) recDonend the use of
SBtolIlte iceaants to account for the
Intartctlan of the ecunosur and the
ewironnent. Thn United Stales Department

. of COMiwree recently released a sabllite
aecoonts fremwork gnd initial estimates
for mineral resources. These'BStluates
focused on market prices, In kMpIng with
the national accounts' intent to oeasure
production, rather than to pradues 'an
Indicator of ml fare."
chenge “bread-based" to "the natural
enyirofioent—that is a more broa<nj>.6a««d
welfare measure--*
Delete aeetenee hesinning "The reason is
slnpiy..." 17M» Statevmin is incorrect.aoP, hr definition, does not deduct deprecfnt/ofl. The def//n>'tioir of net
dn«st/c pr^t/rt is gross doaestic productUs$ deprpeiitiim.}
Change *t||« change in capita) stock* to *-
-the decline 3n the value of the capita!
stock bofore investment is taken Into
account." {The tferrnicron, ss wnttoh, fs
rncorrect.)
Change "coal" to "proved" [/, d7scos«rf
eOffve.]
Delete sentence beginning *Costi of
extraction..." {At dyseussed shove.]
Change "oil and other mineMls* to

unproved reserves" [As discussed above.]
Delete the sentence beginning "This
accounting framework..." [yse ef iroro 
rents is neecssory only if there is no
tno accevAtfng frttgmiork cen be used
ii'i'fAoM essvnrirg r/ir/ofte reserves.]
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04 Intertemporal Equity and Discounting

0 0 0 This is a clearly written and rigorous exposition of discounting and inter-temporal 
equity.

WEC 01 A

Is this topic, covered in 32 pages including references, of sufficient interest to policy 
makers and government delegations to form part of the main SAR? As a paper in a 
separate volume of Technical Papers it would have greater merit (some material in a 
few other chapters could be similarly handled). This material is familiar enough to 
those who follow the relevant academic literature, but there is widespread feeling that 
economists in this area wax over-long and over-enthusiastically on discounting and 
discount rates.

1

i ' ■

1

The essence of the topic could be adequately covered in 2 or 3 pages and go into a 
slightly expanded section in Chapter 5 (pp. 32-33) or Chapter 6 (section 6.1.5 at p. 7). 
This proposal should not be viewed as a negative comment, but a reflection of the 
subject matter and its prioritisation for most potential readers.

-i. A box might have been prepared which summarised why some people are deeply 
opposed to the application of discounting (or maximisation of net present value) to 
intergenerational and other sustainable development issues.

‘0 --------------------- 0---------- (J - It seems that the scientific information and the more personal views of the authors are
not clearly separated.

NbU 09 u

There is an obvious lack of coordination between chapters three and four.

The key message seems to be that there are several arguments for choosing a high
discount rate or a low one; the final choice is really up to the policy-makers.

More attention could be paid to the (especially moral) implications of using a discount
rate.

The differences between presciptive and descriptive need to be clearly stated.

"0“ ■ ........... ^ F 0 ■ Ke. page in, line 12. “What is the scientific basis tor these numbers? Suggest deletion. NED 09 Cj
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Comments
General Comments

1) with strong arguments against using a non-zero pure rate of time preference can not 
see why a zero or at least a very low rate is not recommended in the text.

2) Discounting due to an expected increase in per cpaita income in the world is 
discussed and it is recognized that the realtive per capita capita growth need not be 
constant over time. If it declines over time it implies that also the discount rate should 
decline. In combination with a low or zero rate of time preference, this has 
considerable implications for how impacts occurring far into the future are valued. 
This should have been illustrated in a diagram as well as mathematically. ( See 
attachment)

Reviewer 
(Country #)

SWED

While ifisWe that "idehtifyih^fh^prbper discouhTfale is probably the single most 
important analytical step in the economic analysis of climate change", the cited 
sentence might create the impression that one can analytically derive a value for the 
discount rate. This is imposssible because one component of the discount rate must be 
determined by the pure time preference, must be determined by ethical consideartions. 
Thus it should be stressed that (i) the discount rate is to a decisive extent determined by 
ethical considerations and (ii) the choice of crucial importance for the cost analysis of 
climate change.

■SWED

Can this issue meaningfully be expressed as a discounting problem'/ Much ot the 
benefit that will take place far in the future cannot reasonably be estimated, it involves 
health and ecosystem effects which are ill-defined and whose valuation is uncertain 
and controversial. This suggests that a multi-criteria approach to the problem is more 
suitable.

Suggest organizing the chapter along the following lines:

- Economics provides no clear answers to many of the issues raised by discounting in 
this situation. There are strongly held views on all sides of the question.
- The use of MCA provides an alternative to trying to discount the future benefits of 
current climate change mitigation strategies, although MCA is not without its own 
drawbacks.
- There is a strong philosophical following for the use of low social discount rates for 
discounting future consumption, and a strong practical following for the use of rates 
nearer market levels.

TT

TPIECAT

17-

Response
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Trying to value the effects of foregone investment on future consumption is complex 
and possibly subject to manipulation. It is hard to justify lower discount rates for this 
particular type of social investment than for the many other types of investment that 
are currently made. Faced with this dilemma, some analysts have chosen comprimise 
rates between these positions. An alternative is the use of multiple discount rates by 
analysts. The implications of this approach, with all results provided to other analysts 
and policymakers, might usefully be addressed in this chapter.

Re. p. ii, lines 3-7. The recbgnTfion that this is a philosophical and ethical question aT“ 
well as an economic one is important. However, this also means that there can be no 
one right answer to the discount rate question. To communicate to policymakers the 
necessary absence of a "proper answer" to this question is important in an assessment 
of economic knowledge to the climate change question.

Re. p. ii, lines 31-32. Consistent with the comments on lines 3-7 by this reviewer, 
avoid implications of there being a proper answer.

Re. p. iii, lines 30-32. The authors should be complemented for their efforts to include 
views of the discount rate, such Tts those held by Schelling and Nordhaus, which are 
different than their own. However this summary gives short shrift to the "descriptive" 
approach. The implication of a trust fund earmarked for greenhouse victims seems 
extreme.

The summary lacks discussion on sections 4.5 to 4.8.

OveralTfhfs ch'a^i^is comprehensive, balanced and reasonably well written survey 
and evaluation of the available literature. Moreover, the chapter summary was in 
general a fair representation of the body of the text and was, in turn represented 
effectively in the PMS. Each of these aspects of the text should therefore be supported 
against any attempts to substantially amend them.

The chapter summary and more importantly, the policymakers summary, does not 
adequately represent the treatment in the text of the alternative approaches to 
discounting, on the one hand, and the (affordable) safe minimum standards/natural 
capital approach on the other. This could be done and injected into the chapter on 
discount rates.

There Is a danger Tn assessing the impacts of climate cTiange that assessors will 
consider the issue as but one other "project" and rely on existing literature about

Reviewer 
(Country #)

IPIECA

AUal

TAN

Response
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Comments
"aiscount rates and their optimal levels. 1 he problem of climate change is a very 
long-term "project" and as stated in this chapter discounting is one of the critical issues 
in assessing its costs.

This chapter seems rather esoteric and much of it is unintelligible.

Re. p.liriFries 32-34.” The intergenerational equity questions are profound. GHG 
stabilization objectives may require substantial abatement by some of the world’s 
poorest countries. Some of the benefit of these abatements will accrue to the wealthy. 
Vulnerability to climate change may be the greatest in the poorer countries. Questions 
about how to share the costs of abatement and distribute climate change damages are 
no easier to resolve than those regarding intertemporal questions. This should be 
handled by a clearer sense of the relationship between chapters 3 and 4.

RF.^lii, Imes 28^2rThe authors argue thaf{ire"proceeds of market investments are 
not likely to be set aside to compensate those adversely affected by climate change.
The implication is that market rates of interest, or opportunity cost of capital, are 
inappropriate for discounting future benefits of climate investments. The argument is 
not convincing.

While investment proceeds are unlikely to be set aside directly for the exclusive use of 
climate change victims, market investments will benefit individuals in the future, even 
the distant future. The opportunity cost of climate investments include foregone 
investments that would augment human and physical capital. Augmentations to the 
stock of human and physical capital will expand capacity to prod jce consumption 
goods in the future, thereby benefiting future generations. In fact, the industrial age has 
witnessed an extraordinary increase in wealth and living standards as one generation 
inherits capital from the previous generatin and leaves a larger stock of capital to the 
next generation. Also note that, although little physical capital from the dawn of the 
industrial age has survived to the present, no one can doubt that investments made at 
that time yielded benefits that still enrich us today, two centuries later. These benefits 
accrue to us today even though no one thought to earmark and reserve them for the end 
of the 20th century.

Given the history of the creation of wealth over the past 200yrs, it is puzzling that the 
authors dismiss the possibility of adding to the wealth of future generations through 
investment in any projects but those that mitigate climate change. If this hypothesized 
inability to benefit the future by current investment is the sole argument against use of 
the opportunity cost of capital as the discount rate, then this criticism does not seem to

Reviewer 
(Country ft)

CAN

USA

USA

Response
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“be fatal. Use of the opportunity cost of capital as the discount rate would seem to be a 
defensible position. The chapter, which gives far too little attention to the opportunity 
cost of capital approach should be revised to correct this deficiency.

However, we should be careful when thinking about our assumptions regarding the 
motives of past generations and their sense of moral obligation to us.

Re. p. liT, Imes JD-32; ThTaiitbors sh’diild be complefhentedTbr their effort to include 
views of the dicount ratwe, such as those held by Schelling and Nordhaus, which are 
different than their own. However, this summary gives rather short shrift to the 
"descriptive" approach. In particular, the implication that society needs to set funds 
aside, as in a trust fund, earmarked for eventual compensation of greenhouse victims 
seems extreme. So long as funds are invested productively, they 'vill be available to 
future generations. Incremental economic growth provides the resources for future 
compensation for future victims. Compensatin is really a redistribution problem for 
future generations, which can not and should not be solved now.

Comments

Page II Summary,' LTnes 3-7 "

The recognition that this is a philosophical and ethical question as well as an economic 
one is appropriate and important. However, this also means that there is a range of 
advice based on different prescriptive and descriptive considerations. To communicate 
to policy makers the necessary absence of a definitive answer to this question is 
important in assessment of economic knowledge as applied to the climate change 
question.

Page ii line 211

How accepted is the Brown-Weiss argument? My sence is that it is not supported by 
any treaty. Rather it is more an ethicia norm. Does terming it an international legal 
principle give it more weight than other philosophical criteria (eg. Rawls' difference 
principle or Nozicks theory of rights)?

Chapter 4: Intertemporal Equity and Discounting

Lead Reviewer s Cverall Summary and Comments for Review Process:

Reviewer 
(Country #)

US-A^

USA'

USA

US-A"

32 '

32“

32T-

Response



WGIII Peer Review March/24/1995 Page:

“Rc Terence^ 
Section Page Xine" Comments

I he chapter lays out the central issues of the longstanding discounting debate in 
economics somewhat independently from the specific program of global climatic 
changes (GCC). What connections there are to GCC are made strictly from the view of 
largely deductive economic theories. The chapter attempts to distinguish a 
"prescriptive" and "descriptive" as a way of introducing a more inductive approach but 
then seems to reject this view on "ethical" reasons. This is somewhat surprising, since 
the ethical arguments mentioned are more a matter of praticalities (ensuring future 
transfers) than they are a genuine consideration of moral obligations (e.g., 
stewardship).

Of central concern is whether or not the chapter conveys to policy makers what they 
need to know to make informed choices regarding the discount rate for policy analysis 
in GCC. 1 think there are several serious problems here:

I. The chapter fails to consider the more fundamental issue of the nature of the 
problem. As one reviewer points out, the authors proceed as if all the consequences 
can be framed as a gradual process of incremental damage. Under these conditions, 
the problem collapses to a debate over rates that may be of great interest to economists, 
but I believe will be regarded by policy makers as missing the point. In contrast, 
another reviewer faults the chapter for treating GCC as a special case. While I am 
inclined to believe it is, for a number of natural and social scientific reasons, I agree 
that the authors have not made the case here. The chapter should begin with a clear 
essay on why GCC is or is not different from any other policy concern. For example, 
the chapter states that future generations can be compensated for "some" 
environmental/natural resource effects, but what about the "and not for others" case? 
This should be followed by a discussion of the significant views of "better off" that 
would be at the core of alternative normative perspectives for this problem if we were 
to treat it as a special case. The relationships between Chapter 3 and this chapter 
should be clarified.

II. The economic perspective should receive special attention, but the authors should 
carefully delineate normative and positive results. Policy makers will want to know 
when prescriptions are based on normative models (some of questionable empirical 
validity), and when they are based on credible scientific evidence. The chapter's 
distinction between "prescriptive" and "descriptive" approaches is misleading. In fact, 
both approaches are prescriptive; however, one is based on a largely deductive 
methodology while the other is more inductive. Both approaches are often at odds 
with empirical results in decision making and market behavior in the case of unfamiliar 
or poorly defined goods (and these major results should be made clear for policy

Reviewer 
(Country #) Response
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makers). What the authors present as an "emerging consensus" regarding discounting 
is clearly not one, given the reactions of the reviewers.

III. Very little discussion is devoted to the implications for policy analysis in the real
world. As examples, the chapter does not offer insights for sensitivity analysis,
scenario development, or alternative treatments of the problem as might follow from
specific stabilization policies. Contrary to the tone in the SUMMARY which endorses
cost-effectiveness analysis (but not cost-benefit analysis) and a variety of ethical
principles for addressing equity, the tone in this chapter emphasizes finding the
"correct" rate of discount to decide about alternative policies. The chapter seems
determined to make a single recommendation, rather than explicating reasonable
alternatives that reflect different normative commitments and preferences. In addition,
the chapter should more carefully distinguish the interesting cases of this problem:
policy choice, project choice given a policy goal, catastrophic risks, and cooperative
and non-cooperative policy strategies.

IV. Key concepts and examples need clarification and editing. Some examples are
confusing, key concepts are introduced with little definition, abstract methodological
concerns are raised but not explained, and, as currently written, the annex does little to
resolve concerns about the normative perspective or its empirical grounding.

To help the authors think about revisions, I have organized all of the general comments 
under the four categories discussed above. In some cases, I have appended to a 
comment from a reviewer some additional concerns of my own. The specific 
comments are ordered by page and line number, but the category concerns are noted 
there as well.

General Comments on Chapter from Reviewers:

1. Intertemporal Equity

1. The Inappropriateness of Discounting

A. Assuring Climate Change. Since the costs of averting change occur in the present,
and the benefits in the perhaps distant future, discounting dramatically devalues the
future values associated with it. Ironically, if we assume a smooth warming path with
slowly accumulating net damage (as these authors do for the most part) then the
adoption of this framework alone constitutes the decision to do nothing. There is no
need for any analysis within it. This assures that the goal stated in the "Summary for

Reviewer 
(Country #) Response
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Policy Makers" of "stabilization ot greenhouse gas concentrations" will never be met. ~ 
The conclusion is such a short inference away from, and so completely determined by, 
the (unjustified) assumptions of the method that the whole thing seems silly.

B. Immortal Agents. The authors are quite mistaken to brush aside Tom Schelling's 
criticism that long term discounting assumes an immortal agent. Surely Schelling is 
right that there is a world of difference in thinking about my own future consumption 
and that of others. This difference causes the whole framework used by this chapter to 
collapse. The authors have conflated issues of allocation with those of distribution.
This is completely illegitimate.

C. Time and its Correlates. Further still, the idea of discounting is far more 
problematical than normally assumed by these authors. As Derek Parfit has argued, 
discounting typically confuses things that are correlated with time, with time itself A 
variety of arguments are offered in support of discounting: risk, opportunity costs, the 
supposition that future generations will be better off than we are, etc. But in none of 
these cases, is it time itself that is the key issue. These authors exhibit these 
confusions in numerous places including pages 9,11 and 17.

D. Time Preference. We would think much more clearly about the future if we used a 
disaggregated vocabulary rather than starting with the assumption the there is a social 
discount rate. 1 think that there are also reasons to doubt that individuals have a rate of 
time preference; or at least, that it functions in the broad way that economists assume. 
For example, why must present and future time value be related by an exponential 
function? Why not some other relationship? What is referred to as time preference 
needs to be disaggregated in much the same way as "the" social discount rate. See, for 
example, Rawls' discussion of this subject in A Theory of Justice.

2. Problems with the Point of Departure

A. Distributing Utility. The authors are quite mistaken in thinking that the issue is the 
distribution of utility. Utilitarianism has been virtually universally rejected by 
philosophers, but the authors seem unaware of this literature. Their statement (page 
four) that their approach derives from a "persuasive axiomatic structure" hovers 
somewhere between irrelevant and outrageous. They seem uninterested in the 
questions of whether the system is true or not. Who cares if it is axiomatic or not.
The utilitarian project has failed utterly to offer a satisfactory account of moral 
obligation.

Reviewer 
(Country #) Response
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~ Utilitarians have been unable to show how to get from the (1 believe false) 
proposition that everyone seeks to maximize their own utility, to the idea that we have 
a moral duty to maximize the utility of everyone.

- In offering no place for the language of rights (Bentham referred to rights as
"nonsense, nonsense on stilts") it authorizes the ruthless exploitation of the minority if
we can show a net gain of utility.

- It is infeasible from a motivational point of view in the classical version (greatest
happiness of the greatest number) because it requires more altruism than we can
reasonably expect people to muster. (Further, it is mathematically impossible to
maximize two variables.) The self-interested motivational assumption of the
neoclassical school fails for the opposite reason in that it fails to offer any account
whatsoever of what we owe one another.

The attempts on the part of modem economics to distance itself from the failure by 
dropping the language of utility in favor of that of preferences backfires. If 
preferences are not connected to utility then it is completly mysterious why one should 
care about them. Incidentally, a utilitarian should consider the preferences of at least 
some nonhuman animals since many of them can also experience pleasure and pain.

B. Finding a Foundation. Not all goods are, or should be, tradable at the margin. Coase
type transactions cannot go all the way down-otherwise we would have to bribe
people not to assault us. The way all societies actually function is to block a set of
exchanges and then allow Pareto transfers above those constraints. In our society, for
example, votes cannot be legally marketed, nor can certain fiduc.ary goods like
national battlefields. C/B analysis sheds no light on which exchanges should be
blocked. One might reasonably assume that exchanges that impair the earth's life
support systems should be blocked as we have done in the case of ozone depleting
chemicals.

3. An alternative point of departure: Trusteeship

The authors seem to misunderstand the trust model (p. 3) in that they imply that it 
allows for perfect substitution. Here they conflate technical with moral 
substitutability. The conventional efficiency/equity distinction is dysfunctional 
because it misunderstands the nature of goods.

A. Problems with the Efficiency/Equity Distinction. In the standard view there are two

Reviewer 
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objectives tor policy: etticiency, to be achieved by corrected markets; and equity 
which is usually not very robust- but is either a constraint on efficiency or is some 
ways to be traded off against it. There are a number of problems which go way beyonc 
the one normally recognized: that economics doesn't have much to say about equity.

First, the basic distinction does not parse at the joints. The idea is that there are goods 
traded in corrected markets that yield efficiency makes it sound as if there is only one 
or two kinds of goods. But Walzer is certainly correct in Spheres of Justice in his 
observation that goods move in accordance with their meanings as much as with their 
prices. There are at least four different classes of goods in all societies: 1) those traded 
in markets; 2)those distributed according to merit-public office, licenses to practice 
medicine and the like; 3) those distributed according to need-e.g. food stamps; and 4) 
fiduciary goods which one generation preserves for those who follow. (My argument 
is that because of its role in the preservation of species and cultures that climate is a 
good of this kind.) Seen from this perspective the role of public policy is the proper 
maintenance of these various spheres-not the maximization of utility or consumption 
in one of them-the market.

Market Preconditions. Once we distinguish between markets and their preconditions 
the question arises of how should we think about those preconditions. In Restoring 
the Public Trust 1 argue that a fiduciary model captures what is at stake with respect to 
climate change. This grounds, I believe, an obligation to leave the world at least as 
good as we found it-meaning leaving its productivity and diversity intact.

Because of the role of climate change in species extinction, and as a possible threat to 
some of world agriculture, I argue that there is an obligation to stabilize climate. Seen 
from this point of view the role of economic analysis is to be concerned with 
discovering the most cost effective means of reaching the goal of having GHG 
emissions and sinks in rough equilibrium.

A. Tractable Morality. There is no obligation to maximize utility or preference 
satisfaction or anything in that family of ideas. We have a much more tractable 
account of our moral obligations. Rather, we can follow Locke in stating our 
obligations in terms of the preservation of persons: understanding this to mean 
preserving their lives from external threats, preserving and enhancing their moral and 
religious choices, and assuring the means to subsistence.

In the trustee conception the fundamental Job of the nation states is not to create 
opulence or to correct for market failures-but to preserve the persons of their citizens

Reviewer 
(Country #) Response



WGIIl Peer Review March/24/1995 Page: ■ 11

ReTerence
Seuion Fage Line Comments

now and in the future. An element in this overall obligation is to keep the various 
kinds of goods discussed above in proper balance.

Other Problems. This chapter also fails to draw on the large literature on 
intergenerational justice. An excellent compendium by Bayard Catron entitled Ethical 
Dimensions of Environmental Policy and Decision Making: Risk Management, 
Intergenerational Equity, and DiscountingfWashington, D.C.: NAPA, 1993) would 
have helped a lot. Beyond this the authors seems unaware of the literature on the 
nature and unpredictability of ecological change. See, for instance, C.S. Hollings, "A 
Cross-Scale Morphology, Geometry, and Dynamics of Ecosystems in Ecological 
Monographs 62(4) 1992, pp. 447-502, esp. pp. 478-485 fora discussion of the 
inherent unpredictability of the future.

4. Social welfare functions are generally assumed to be an summary of the preferences
revealed by a political process, and are used as a convenience in theoretical
explorations of the necessary conditions for maximizing some concept of social
welfare in which both efficiency and equity matter. When a policy that satisfies the
efficiency conditions results in a redistribution of income that is judged to be
undesirable (based on some idea of a social welfare function) the consensus approach
is to design compensatory programs or transfers that make it possible to achieve both
efficiency and equity. This is the Birdsall and Steer recommendation. The
"prescriptive" approach abandons any efforts to reconcile efficiency and equity, and
recommends policies that leave all generations worse off compared to the welfare they
could achieve if efficient climate policies were adopted and intergenerational transfers
dealt with through policies affecting savings and investment. Birdsall, N. and Steer, A.
Act Now on Global Warming - But Don't Cook the Books, Finance and Development
30(1), pp. 6-8.

5. The discussion of the chapter on the problem of earmarking revenues for future
generations in a Fund for Greenhouse Victims (Page 16, lines 33-35 ) is both erroneous
and irrelevant if the possibility of providing for future generations through capital
investment is admitted (Stiglitz). Today's investment in physical capital increases
future productive capacity; no other funding is required to make future generations
better off.

Stiglitz, J. E. The Rate of Discount for Cost-Benefit Analysis and the Theory of the 
Second Best in R. Lind ed. Discounting for Time and Risk in Energy Policy.
Resources for the Future, 1982.
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6.1 have a serious interest in this issue, and found Chapter 4 to be helptul to my own 
thinking. However, I feel the chapter overstates the merits of the prescriptive approach 
relative to the merits of the descriptive approach. My comments below elaborate on 
this point, and suggest some textual changes that would help to redress the balance.

The primary criticism leveled at the descriptive approach is that there is no guarantee 
that investments we make now will ultimately benefit individuals in future generations 
who may be harmed by climate change. However, this exaggerates the difficulties of 
transferring non-environmental capital to those harmed by climate change, and it fails 
to recognize the difficulties inherent in transferring environmental capital.

Barring an event like the "dark ages," investments which expand the stock of 
technological knowledge cannot easily be squandered by future generations.
Moreover, since the benefits of advancing technology are significantly a public good, it 
is not plausible that these benefits will somehow fail to help the particular individuals 
in future generations who may be most harmed by climate change. Likewise, 
investments in education, particularly of women, seem to produce self-sustaining social 
change which lowers population pressure, and this too has spillover benefits to all 
members of future generations. Thus some very important classes of 
non-environmental investments are likely to have enduring payoffs in future 
generations, and those payoffs are likely to be available to those who are ultimately 
harmed by climate change.

Moreover, it should be acknowledged that environmental investments we make to 
reduce C02 emissions can be subverted in the future, as long as oil, gas, and coal 
resources remain available to be used at some future date. Thus today's investment in 
C02 emissions reduction may be equally or more at risk of being squandered or 
"misappropriated" than investment in other kinds of non-environmental capital, 
particularly education and research.

7. As Chapter 4 acknowledges, the prescriptive approach is fundamentally an ethical 
position, shared (more or less) by many social scientists who are highly educated and 
wealthy, at least relative to the people likely to bear the cost of controlling C02. If the 
observed income redistribution policies of the world's governments are grossly 
inconsistent with the ethical norms of these individuals, it seems to me that the 
common sense explanation is that most of humanity does not share these ethical norms. 
The chapter acknowledges that this is possible, but the point is "i oft-pedaled," 
particularly in the summary section where it is not mentioned (even though the critique 
of the descriptive approach is prominently featured there.)
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According to Aaron et al. (1994), these values are affected by affluence. Our future 
generations, if wealthier and better educated, can be expected to place more value on 
"respecting and preserving nature and the natural." Will this be handled in the 
estimates of avoided damages?

Aaron, H.J., Mann, T.E., and Taylor, T (eds), 1994, Values and Public Policy, The 
Brookings Institution.

8. It seems to me much more work needs to be done on telling the modelers how to
design their models so as to answer the questions that are imbedded in the discount rate
issue. To the extent that the present is transferring substantial resources to the future,
we ought to be able to tell people how much. To the extent that under reasonable
assumptions per capita consumption will be greater in the future, again, we should
know much greater. In other words we shouldn't bury major ethical decisions in the
discount rate.

In part, this is a result of the lack of connection between Chapter 3 and 4. If the 
authors want to set aside the major ethical issues then they should explain how decision 
rules from Chapter 3 will interact with the approaches in Chapter 4.

9. One reason for this is that the preferences of today as expressed by democratic
governments, as Chapter 4 notes, differs drastically from the consensus of economists
as moral philosophers. We need to give the democratically elected decision makers the
information needed to make these decisions, not bury the decision in the choice of a
discount rate which reflects our moral judgments which are not those of the public. If
we don't do this, our work will become more and more irrelevant.

II. Economic Efficiency and Discounting

I. The chapter is unbalanced in its presentation of the economic theory relevant to
choice of discount rates. It is not the consensus of professional economists that the
social discount rate should be based on the kind of ethical judgments used in the
"prescriptive approach" to justify a discount rate of 3% or less. What the chapter labels
the "descriptive approach" is in fact the mainstream approach to the subject. The
chapter should concentrate on the descriptive approach, and give the prescriptive
approach only brief mention as a perspective that suggests climate policy should be
treated as a special case and based on ethical judgments that have not been embodied
in any other economic policy.
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2. The chapter fails to provide a justification for choice of a discount rate lower than 
the before tax return to capital. What Stiglitz, Dreze and Sandmo, Arrow and Kurz and 
others demonstrate is that when governments cannot use either optimal taxes or make 
lump-sum intergenerational transfers, the correct discount rate for evaluating public 
investments may not equal the before-tax return to capital. There are necessary 
conditions for welfare maximization that must hold among the return to capital, before 
and after tax . ates of return, and the social discount rate. The chapter states correctly 
(Page 13, Line 2) that with nondistorting taxes and optimal intergenerational transfers, 
the social discount rate will equal the before tax return to capital. The chapter is 
incorrect in dismissing this as a special case. These assumptions are the normal 
starting point for applied welfare economics. The burden of proof should be on those 
who argue for different assumptions. Moreover, as will be discussed below, alternative 
assumptions do not lead to any simple characterization of the social discount rate.

3. If existing taxes create significant distortions between the before and after tax 
returns to investment, a case can be made for choosing a discount rate between the two 
(as Nordhaus and others suggest) or for converting foregone investment to 
consumption at the before-tax return to capital. These are necessary conditions for 
intertemporal efficiency, and hold regardless of the choice of a social welfare function. 
Choosing the weights to be applied to before- and after-tax rates of return in computing 
the average requires an explicit analysis of how climate policy affects investment and 
consumption. The chapter includes no such analysis and therefore has no basis for 
concluding that the correct discount rate is not the before tax return to capital, as it 
would be if the costs of climate policy all come from investment.
Nordhaus, W. D. Managing the Global Commons: the Economics of Climate Change.
MIT Press, 1994.

4. It is only if governments cannot make intergenerational transfers that choosing a 
social discount rate different from some weighted average of before and after tax rates 
of return to capital can be desirable (Stiglitz). But this does not justify an analysis that 
constructs a social rate of discount from ethical principles, as the prescriptive approach 
recommends. Instead, the correct theoretical approach (Stiglitz, Arrow and Kurz) is to 
model explicitly the constraints presumed to exist on intergenerational transfers, the 
characteristics of the investment in question, and the relation between climate policy, 
consumption and investment. As Stiglitz shows, the conclusions that follow about the 
relation between the social rate of discount and returns to capital (before or after tax) 
will depend on all these factors, and the social rate of discount may be higher or lower 
than the before tax return to capital. The conclusions that the chapter reaches on the
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range"of discount ratFs is not b^e3 on any such analysis, and theretbre has no 
foundation.

Stiglitz, J. E. The Rate of Discount for Cost-Benefit Analysis and the Theory of the 
Second Best in R. Lind ed. Discounting for Time and Risk in Energy Policy.
Resources for the Future, 1982.
Arrow, K. J. and M. Kurz. Public Investment, the Rate of Return and Optimum Fiscal 
Policy. Johns Hopkins University Press, 1970.

5. All of the theory of social discount rates assumes that governments attempt to
maximize a social welfare function, but face constraints on tax and transfer policy that
make it necessary to choose a social discount rate different from the private return to
capital. None of the economic theory of discount rates is based on the assumption that
governments are maximizing the wrong social welfare function. This is the
assumption on which the prescriptive approach adopts (Page 12, line 32). The
prescriptive approach posits a social welfare function different from that which
governments are assumed to be maximizing in making economic policy, and then uses
it to argue for a low discount rate for climate policies. That entire line of reasoning is
illegitimate, and certainly does not represent the consensus view of mainstream
economists.

6. The "descriptive" approach, which assumes that the preferences revealed by current
policies reflect the social welfare function of the nation in question, is the mainstream
approach and should be presented as such. The complexities involved in choosing a
discount rate for public investment with constraints on tax policy and distribution can
then be discussed in that context.

7. The prescriptive approach is relatively well-explained. However, the descriptive
view is not presented very coherently. It points to the relevance of alternative
investment opportunities, but does not specify exactly what the discount rate should be.

8. The main area of omission in this chapter is the psychological work on intertemporal
choice. This research shows a number of decision biases that may have policy
implications. Below is a reference list of some potentially relevant papers.

Benzion, U., Rapoport, A., and Yagil, J. (1989). Discount rates inferred from 
decisions: An experimental study. Management Science, 35, 270-284.
Cairns, J.A. (1992). Health, wealth and time preference. Project Appraisal, 7, 31-40. 
Cropper, M.L., Ayded, S.K., Portney, P.R. (1994). Preferences for life saving
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programs: How flfe' pul5TTc“aisc6^unts time and age. Journal of Risk and Uncertainty, 8, 
243-265.
Ganiats, T.G. (1994). Discounting in cost-effectiveness research. Medical Decision 
Making, 14, 298-300.
Keeler, E.G. & Cretin, S. (1983). Discounting of life-saving and other non-monetary 
effects. Management Science, 29, 300-306.
Lipscomb, J. (1989). Time preferences for health in cost-effectiveness analysis. 
Medical Care, 27, s233-s253.
Loewenstein, G. (1987). Anticipation and the valuation of delayed consumption. 
Economic Journal, 97, 666-684.
Loewenstein, G. (1988). Frames of mind in intertemporal choice. Management 
Science, 34, 200-214.
Loewenstein, G. & Prelec, D. (1992). Anomalies in intertemporal choice: Evidence 
and interpretation. Quarterly Journal of Economics, 107, 573-597.
Loewenstein, G. & Thaler, R.H. (1989). Anomalies: Intertemporal choice. Journal of 
Economic Perspectives, 3, 181-193.
Olsen, J.A. (1993). On what basis should health be discounted? Journal of Health 
Economics, 12, 39-53.
Prelec, D. & Loewenstein, G. (1991). Decision making overtime and under 
uncertainty: A common approach. Management Science, 37, 770-786.
Redelmeier, D.A. & Heller, D.N. (1993). Time preferences in medical decision 
making and cost-effectiveness analysis. Medical Decision Making, 13,212-217. 
Redelmeier, D.A., Heller, D.N., & Weinstein, M.C. (1994). Time preference in 
medical economics: Science or religion? Medical Decision Making, 14, 301-303. 
Shelley, M.K. (1993). Outcome signs, question frames, and discount rates. 
Management Science, 39, 806-815.
Shelley, M.K. (1994). Gain/loss asymmetry in risky intertemporal choice. 
Organizational Behavior and Human Decision Processes, 59, 124-159.
Thaler, R.H. (1981). Some empirical evidence on dynamic inconsistency. Economic 
Letters, 8, 201-207.
An important issue to resolve for policy makers: How is it we can seriously challenge 
decision making for unfamiliar goods and not "choices?" In addition, what do these 
studies indicate about framing the "time horizon?"

9. This seems to me to be the next step in the process of creating the models and 
analysis that will help us perform a systematic economic analysis of climate change 
policies.

10. The chapter exhibits two strong biases of the authors: (1) the "proper" discount
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TafFis the social raiFonFme'preference (SR I P) and (2) the component of the SR'IP 
corresponding to the pure rate of time preference should be set equal to zero. These 
positions do not represent the consensus of the economics profession and the chapter 
should be revised to provide greater balance in the treatment of different approaches to 
discounting.

11. The formulation of the SRTP as the sum of the pure rate of time preference and an
adjustment for changes in the marginal utility of consumption due to per capita
consumption growth is presented as if this is a general result that is value free. It is
described as "the fundamental equation for the discount rate of consumption," (page 6,
line 44).

This treatment obscures normative assumptions that underlie the derivation of the 
SRTP. For example, the derivation is dependent upon acceptance of assumptions 
about "welfarism," (the concept that social welfare is a function of only the welfare of 
individuals), the comparability of welfare across individuals, and a specific class of 
social welfare functions.
The underlying social welfare function assumes that social welfare in time t is 
reducible to per capita consumption in time t and is independent of the distribution of 
consumption among individuals in time t. Individuals living in different periods enter 
the social welfare function identically with the exception of a discount factor for pure 
time preference that varies as a function of distance from the present. These normative 
assumptions yield a SRTP that varies with per capita consumption growth, adjusted by 
the marginal utility of consumption, but not, for example, changes in the variation of 
consumption across individuals.

The assumptions may be reasonable approaches to simplifying the problem 
intertemporal optimization and discussion of them may not be necessary when writing 
for professional economists. But the audience of the WGIFl report will include 
non-economists. For these readers, it is important to make the normative 
underpinnings of the SRTP explicit and discuss what they imply about 
intergenerational and intragenerational equity.

12. This chapter has improved over earlier versions, but still could use some work.
One general suggestion would be to have the chapter consider efficiency on a level
more comparable to the current emphasis on equity. For example, shouldn't efficiency
be in the chapter title and receive more attention in the summary? Also, there could be
some additional explicit discussion of what efficiency means in the intergenerational
context; the standard view that efficiency is a less controversial criterion than equity
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has some merit foTtlins^pplication. ' 

III. Implications for Policy Analysis

1.1 believe that the Chapter is an excellent survey of the issues and literature on 
discounting and intergenerational equity. It falls short of giving the modelers who are 
trying to evaluate alternative policies any specific guidance. I suggest an approach to 
this shortcoming. I also feel too little has been said about sequential analysis of 
options and particularly the option of waiting.

2. However, if I were one of the two or three dozen researchers developing integrated 
assessment models, 1 probably would feel let down that I wasn't told which rate I 
should use in my model, or more importantly, how I might modify my model or use it 
to answer the questions regarding efficiency and intergenerational equity that are 
addressed in Chapter 4.

3. Let me suggest an approach, although time and space preclude a complete analysis 
of this issue which should be the next project for research on discounting and global 
climate change. I believe the key to the answer lies on the discussion on pp. 13-14. 
There are two key •■ates: (1) the rate at which we discount consumption and (2) the 
marginal rate of return on investments that are alternatives to investments in climate 
change abatement. 1 suggest that we keep these two rates separate in our models for 
the purpose of clarity. For example, in integrated models that explicitly model 
economic growth, one would use the rate of return on alternative investment in 
determining the growth path and consumption path if the proposed investment in 
climate change were instead invested in the economy. Consumption overtime would 
then be discounted to its present value using a rate reflecting the SRTP. This would 
then become the baseline against which global climate policies would be compared.

This seems to be what the chapter is suggesting, but it is somewhat hidden by all the 
other arguments.

4. This approach is very similar to the shadow price of capital approach, however, by 
disaggregating the analysis, it forces us to specify and debate what the alternatives to 
investment in climate control are and what rates of return could be earned. It forces us 
to look at consumption rather than GNP. We can debate and vary the SRTP of 
discount separately. In short, it helps us keep straight the myriad of issues that are 
involved and doesn't bury them in a single discount rate.
For example, Cline gets a discount rate of 2% - 3% (p. 14) by assuming that 80% of
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“cost comeTat the expeffse of consumption and 20% al the expense of investment. Such 
an assumption might have followed from the assumption that the money was raised by 
taxation and the marginal propensity to consume was .8. The problem with this 
analysis is that the government could have invested it in other public projects. The 
problem with most second-best lines of analysis is that we don't properly account for 
the opportunity cost and the approach suggested above would force us to do that.

5. Finally, we need to look more carefully at sequential approaches to this problem.
The sequence we should follow is not necessarily act, learn, act. The optimal
sequence, given the uncertainty we act may be to wait, learn, wait, learn, maybe act.
Given the feasible size of budgets that will be devoted to this problem, gathering
information and developing the technologies for the future may be our best option.

6. Economists know something about how individuals and companies trade off current
and future cash or consumption. We know much less about how people trade off their
consumption for the consumption of their descendants - or don't like the answer we
observe in such behaviors as national finances. We have even less to say about how
people trade off their consumption relative to the consumption of future generations in
other countries -- or don't like the answer at all, as demonstrated by the abhorrence of
the American electorate for foreign aid. Can this meaningfully be expressed as a
discounting problem at all? Schelling's argument that after a certain point future
generations run together has some real common sense to it. Furthermore, much of the
benefit that takes place far in the future cannot reasonably be estimated anyway,
because it involves health and eco-system effects which are not well-defined and
whose valuation is uncertain and controversial. This suggests that a multi-criteria
approach to the problem is more suitable. However, this risks painting the problem as
one of fundamental values of current generations about their stewardship responsibility
over the planet and its future inhabitants, and thus losing the sense that these are small
benefits far in the future.

7. These are topics of greater than average difficulty. Consideration should be given to
organizing the chapter along the following lines:

- Economics provides no clear answers to many of the issues raised by discounting in
this situation. There are strongly held opinions on all sides of the question.

- The use of multi-criteria analysis provides an alternative to trying to discount the
future benefits of current climate change mitigation strategies, although multi-criteria
analysis is not without its own drawbacks.
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- There is a strong philosophical following for the use of low social discount rates for 
discounting future consumption, and a strong practical following for the use of rates 
nearer market levels. Trying to value the effects of foregone investment on future 
consumption is complex and possibly subject to manipulation. It is hard to Justify 
lower discount rates for this particular type of social investment than for the many 
other types of investment that are currently made. Faced with this dilemma, some 
analysts have chosen compromise rates between these positions. An alternative is the 
use of multiple discount rates by analysts. The implications of this approach, with all 
results provided to other analysts and policy makers, might usefully be addressed in 
this chapter.

8. Firms and Planets. The authors conHate the use of a perfectly usable framework 
about decisions within a firm or^ublic agency with a program of planetary 
management. We need to distinguish between the means to achieve efficiency through 
markets or their surrogates, and the things that make markets possible-their 
preconditions. In "The Cultural Contradictions of Capitalism" Daniel Bell argues 
convincingly, to me at least, that capitalism depends on certain virtues (e.g. thrift, hard 
work etc.) that it tends to erode. Surely the earth’s basic systems such as climate are 
candidates for being among market preconditions, and are being disequilibrated by 
unconstrained markets.

9. GNP a Mismeasure of Man. The problems with the GNP (p. 21) measure are far 
more extensive than even the literature on its defects (e.g., corrections for capital 
depletion, defensive expenditures and the like) recognizes. None of these revisions 
deals with the underlying problem that it embodies far too narrow a conception of 
human well-being to begin with, because it focuses too much on consumption. A 
much more promising way of thinking is being developed by Nussbaum and Sen 
entitled the capability approach, see, for instance. The Quality of Life. They argue 
that there a generic set of capabilities that define the good life, and that consumption is 
instrumental to only some of them. This grounds Sen's claim that development as 
normally understood is a result of conceptual and moral failures.

IV. Editing and Clarification

All but one of these points are noted in the specific comments on the chapter.

1. My comments will likely point out which parts of this chapter are unclear to a
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non-economist. Ihls diapter sometimes provided clear explanations ot relevant 
.concepts and other times used cryptic economics shorthand that I was not able to 
follow

d----------- W Why is the alternative chapter posited? If efficiency is an important consideration in 
discounting - and surely it is - then it should be mentioned in the actual title and should 
get adequate treatment in the chapter.

UbA 32 U

1........................ 1 24-26 Agreement on this is rioTwidespreal TJEU 1 09 U

1.......■ ...................... ^ 2 ' 33-34 Literature on the grdwtlf ofgreen GNP (Kepetto, Hue'tiiig) sometimes comes up with 
growth rates over the past decades of -0.5 to -3%.

NED 09 (J

1

1

2" 10-H THechmce of words "collapse of future^' couldTiave a wide"range of interpretation 
depending upon a readers frame of reference. Suggest text read instead: Such results 
make clear how difficult it is to draw quantitive conclusions from calculations based on 
such long time horizons.

4PIECA TS” TSi

: 1—.......

1

■ 1 7-n...... The reviewers Wd thatTHe example given here is very effective in driving home the
importance of discount rates in the context of climate change. We would encourage the 
use of more examples of this type in this chapter.

CAN 24 U

d 2 " 11 THeTlip side oTthe collapse dfrUfure values due td^iscounting is that very small 
displaced investments can lead to very large future shortfalls in output.

USA 32 U

d .................. 2 “28d4 " This generalized egallfarianism seems toTiave to do with transferring wealth from the 
rich to the poor (utilitarianism) and seems logically unrelated to intertemporal or 
intergenerational trade-offs. It just so happens that future generations are expected to 
be wealthier than the present generation. Does'nt this assumption need to be considered 
in constructing our scenarios of the future?

USA 32 U

T~~..... 3^ “ 1 he implication that markets do not effectively allocate goods over time (and 
particularly over generations) is controversial. It affects more than global wanning 
policy and raises significant questions about national savings policy and use of 
exhaustible resources. Do not believe there is a consensus among economists that 
market interest rates are generally incorrect guides to behaviours in those settings.

USA 32 u

■ 1................................... 2 ■ 40-44 ■ How, exactly, are intergenerational trade-olts for environmental goods different from
those for private consumption goods? Converting environmental goods to their

USA ■ 32 u
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9-11------

equivalent in private consumpTidn gooSs would seem to ensure that these two types ot 
trade off are treated equivalently, not differently.

r ------- 3 ■ ■ 1 he reviewers agree with this poinTT CAN “24“ “G—

]■ ■ 3........ 8 What is the "incremental component" offhe discount rate? Is this the idea that risks 
compond over time? If so, why would we not want this aspect incorporated into the 
discount rate?

UbA J2 u

“I........................... "3 ■ 13 How can certainty equivalents Be used to trcafissues of equity? USA 12' ^ u

"2 ^.......... .. ■■■“3""............ ....
'42 ■ Ft is argued that most countries pass the w^ sustainability criteria . Believes that this 

conclusion is based on Pearce's compilation of estimates a couple of years ago. These 
estimates are highly uncertain, inherently complex and difficult.

bWbU 1 / u
1

■2

1
1

1

""3 ■ ■■

1
i
1

'35--------- The sustainability school of thought as outlihedTjy: Pearce, U7W. and R.K. I'umer
I (1990), Economics ofNatural Resources and the Environment, Harvester Wheatsheaf,
1 London, is an important published school of thought in respect of intergenerational 

equity and could be added to the text. Add: The extent to which natural and cultural 
resources are substitutable is critical to this analysis and is highly contentious. Many 
economists including Pearce and Turner (1990) stress the need for sustainability limits 
to guide natural resource use which will be needed by, but cannot be created by, future 
generations.

“AUST 223---- u

2' .......... 3 -37:47 r Good point. T3AN 724 “G

“2 ................ . ..3.......... . 2F The compensation problem deserves some“discussion, ills relevant for any discount 
rate.

USA il u

^2-...... " “3 3T ......^ Why "must " discussions of intergenerational equity p beyond sustainability?
Brown-Weiss, for example, implies that sustainability is a "legal" (though perhaps 
more accurately, "a plausible ethical") obligation that generations face. What evidence 
is there of a consensus that governments should be allowed to make poorer generations 
suffer so long as richer generations gain sufficiently? Arguably this view is 
controversial, yet it is implicit in the utilitarian framework that drives the equity 
anaysis of this chapter. While this framework is important and merits exploring, it 
should be made clear that this is not the only possible framework. It should also be 
explaines to policy makers that despite the technical content of this discussion, the 
material covered is quite normative, and that while economists have expertise in

USA il u
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analyzinglhese norms,They are not in a position to determine them for society.

2“ ' - - - -- ■ ■ 4........ 14 “According to Chapter!, Rawls is a utilitarian. NbU 09 U

........... 4 0 It should be noted dial Rawls himselfargues that the maximum criterion shoudi not be 
applied to intergenerational problems (Rawls 1991).

bWbU T7 U

4" ^ Contrast between utilitarianism and min-max is well summarized. USA 32 U

^2 .. 4 ■ 2r-35"‘" Re. Schellih^s dissenting opihion.TDldributiohal considerations can be incorporated
into utilitarianism. Distributions affect individual utility by wayt of perceptions of 
fairness and emotions such as envy, (see also p. 5, lines 9-18).

UbA 32 u

2------ 4 ■

i

0

1

! . „ ................ ......

Re. Box. The disciisdon of Schelling's view is Too abstract toLie usefiilTo policy 
makers. Regarding the conclusion in the Box, it is not obvious that the analyses 
presented in the chapter— which, in effect, suggests consumption transfers across 
generations to help equate marginal utility - is appropriate in a world where richer 
nations make only modest transfers to poorer ones.

LJSA ‘32'“

' “1 5

1

12 The sentence bn Thurow's paper should probably be movedTd later in the para. USA 32 TT

'2..................... 5 20-26 ■ If envirbnmerilal outcomes are noTdiscouhted, buf blher outcomes (eg, financial ones)
are, certain inconsistencies will result such as preference reversals (see Keeler and 
Cretin, 1983).

This is certainly a consequence of "special treatment" that should be pointed out to 
policy makers.

TJSA '32“ "

^3 0 "(T 1 he following comments are applicable to Chap. 4; sections 3.3.T and 3.7, chap.^ 
sections 6.1.2 and 6.1.3, and p. 7 of the PMS.

The use of discount rates assume that investment is made at time "t" and the yield 
would come sometime in the future. It applies to marketable goods and services. The 
choice of discount rates may be extremely difficult in addressing environmental goods 
and services. This is true, particularly, to non-marketable goods and services. 
Non-marketable goods and services may represent secondary, tertiary, etc., indirect or 
derived costs and benefits of economic activities. In fact, ecologists have argued that 
that the environmental value of non-marketable goods and services may represent the 
largest portion of environmental damages, more so of their cumulative effects. It is

LAN 24 (j
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suggested in the report that the relative prices of environmental services is unlikely to 
rise and thus the effective discount rate can be lower than discount rates used for goods 
(marketable?). This is particularly troubling issue. Considering the fact that there are 
limited information on ecological effects of GHGs, and the need to account (value) for 
non-marketable goods and services, the assumption of declining/constant price or 
discount rates is questionable.

3"- ■ ‘5 ■ 3D ■ ....... The discussion in the prior section is also prescriptive. TJSA IT “G

3-------------- ■ 5 37-44 ■ See comment re line 30. Would hot the ahsvver to these three questions belhe sarhe, 
because of the inconsistencies that result from using different discount rates for 
different outcomes?

DSA 32' ■" U

'3...... ............. 6 0 The five points put forward here are clearly stated and well argued. USA 32 ■ CT ■ • - - ....................................................................................................................................

3' .... 5' 7-10 ....

i

Why IS this argument limited to benefits accruemgTo the same generation?The whole 
idea of utilitarianism is that utility can be traded off across people.

tisa: 32 U

! ^ 6 1 -’S : Should add the following sentence to this para,: ""Rowcver, given appropriate 
estimates of relative prices, there is no reason to explicitly modify the discount rate."

USA 32‘ ■ G -

1

7 0 i The reviewerTias doubts on whether the formula is correct. Seems to be too simple. It 
presumes that welfare is so well-defined that one could take the first derivative to 
consumption. This is doubtful at least, as it is doubtful that, could it be done, "v" would 
be a constant as is suggested. But if it could be done, why would one be happy with the 
.first order Taylor approximation? Global change is hardly a local problem.

NED 09”-

~3 “7"......... ■ "2(r-24 "If the project displaces private investment that has a high marginal productivity... t he 
prescriptive view takes into account opportunity costs in calculating changes in 
consumption, but in valuing the changes in consumption, uses the SRTP."
It appears that what is being said is that, where mitigation projects displace other 
investments, future consumption must be reduced by the consumption that the 
displaced investment projects would have generated. It is net consumption that is to be 
discounted with the social rate of time preference. This appears to be a comprimise 
between using low social discount rates throughout the anaysis and using the 
opportunity cost of capital throughout the analysis. It is not clear however, what one 
does in practice. The suggested discounting method is both confusing and subject to 
manipulation. Specific examples are required to aid clarification.

TPIECA 18 A
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“3"^....... “7 The social welfare function and related r^ationships used to derive this equation 
should be stated explicitly. It is the most important equation in the chapter but has not 
clearly been derived for readers. A reference to the annex and a full presentation there 
would be useful.

USA (j

'3 1 S-R 1 hroughout the chapter it is unclear about the relationship between the SKIP and the 
market interst rate. Is SRTP meant to express discounting above and beyond 
discounting because of investment opportunities? Investment opportunities (leading to 
a particular market interest rate) presumably exist because of economic growth, g. So 
why is g so much smaller than current interest rates? (see also p. 12, line 38 to page 13, 
line 8.)

USA il u

3

i

■ 7" ■70-24- "If the proj^displaces private invesfmeht fhaThas ahip margihaTprodu^ivity... The 
prescriptive view takes into account opportunity costs in calculating changes in 
consumption, but in valuing the changes in consumption, uses the SRTP."

TFSAT- ■32 G"

!

1
' 1

1
1

I

1

!

Believe what is being said here is that, where mitigation projects displace other 
’ investment, future consumption must be reduced by the consumption that the displaced 

investment projects would havcw generated. It is net consumption that is to be 
discounted with the SRTP. This appears to be a comprimise between using low social 

■ discount rates throughout the anaysis and using thwe opportunity cost of capital
I throughout the analysis. However it is not clear what one does in practice, annd am

concerned that the discounting method suggested will be both confusing and subject to 
manipulation. Any investment can be argued to displace some other investment that 
would generate (at least) the opportunity cost of capital. And that investment will yield

1 returns, some of which will be re-invested. The suggested procedure may be better in 
concept than in practice. If this procedure is to be proposed, specific examples are 
required for clarification.

1
1

----- ■44— This IS the only reference to Loewenstem and others on decision biases in 
intertemporal choice. In addition to the common difference effect cited here (lower 
discount rates for longer delays), descriptively, discount rates are lower for large 
magnitudes, for lojses compared to gains, and for sequences out outcomes, compared 
to individual outcomes. Finaaly, temporal discount rates expressed in decision-making 
experiments are typically 50% annually or more, much higher than those discussed in 
this chapter. What implications to these findings have for potential climate change 
policies and the success of their implementation? One implication might be that 
because many people have personal discount rates much higher than those suggested in 
this chapter, they would be uncooperative with the resulting policies. Am not familiar

USA "37 u
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with psychologial work looking at intergenerational decisions however fOut see 
Lipscomb, 1989).

■3 ...... ....... . “U“ “
As stated elsewhere in this chapter, should'nt risks, such as the small change ot human 
extinction, be incorporated into a certainty equivalent, which would then be 
discounted?

USA J2 u

■J -9- - 19 “ ^e finding thafThe bpTlmization problem is hot well defm^ should be further 
elaborated.

USA 32 (j

■3“““ ■■ 9.......... . 74-15 “It is not clear why these Lhife-edge results occur. USA J2T (j

““3 “ ............... 10“ 9“ “Do not“share the opmiornh“^ ffbe viewed as a "problenf with utilitarianismTThe 
normative status of utilitarianism is independent of descriptive behaviour(such as the 
unwillingness of people to make large sacrifices to benefit future generations.)

Ui>A “32 u

■3"' ■

!

10 38-4T' “ Tliis isTjiastrdrifone discounts outcomes from generation 1 to generation7 mucli more 
than for generation 101 to gemeration 102, one is not exhibiting constant discounting. 
Although someone in generation 1 may view a benefit delivered to generation 101 as

1 equivalent to the same benefit to generation 102, someone in generation 101 would not 
have the same view. This illustrates the preference reversals that result from 
non-constant discounting.

The comment about the emphathetic distance suggests the need to clarify how the 
discounting is grounded in a particular time period. Also, other social science research 

' shows that there are markedly different cultural views on concepts of time that affect 
behaviour.

USA 32““ “G “

■■

IT “ “22 ■“ “ Insert "absolute value ot" before "elasticity". USA 32 u

■3 ....... " “ rr ■26- Are the low rates of productivity a Ub phenomenon or applicable to the world/ U5>A 32 u

■■ 3 IT “18“ “ ' See this reviewers comment tor p. 11, line 22. “DS“A 32 G

3 ■ 12 ^ 11-12-----

1

This statement does hot seem right. A very high theta fsay 50) would imply that one 
requires an incredibly high rise in the next generation's per capita consumption before 
one would agree to a small decrease in one's own generations's consumption - not very 
equitable. Instead higher values of theta seem to imply more selfishness, lower values 
imply altruism, and some intermediate values imply equity.

“D5A“ 32 G
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■J' ■1'2........... 14---------- "What IS meant by“"41ie more weight.... equity." there are all kinds of equity criteria,
each with different values of Q. One view of equity would be very protective of worse 
off generations; another might be less so.

USA 32 U

■T" .......... 42 27 “While there are a nurhber of equity reasonsTb interveneTo help the very poor, the idea 
that government should fine tune the income distribution is less clear. At some point 
government intervention can cause inefficiencies and can run into other equity 
problems such as those associated with confiscation.

USA “32 (j

3 ... ....................... ■12 40 Should“"eveh" be "particularly"? 4JSA^
'32““^

(3

3 43 12-17 Where do these specific discount rates com“e from? DS“A -------- 32“““ “U “ -----------------------------------

-3... .... -■ 34 0 Needs further elaboration. “NED “09" (3 —...-.......................... ...........

14 13 ShdCild'hf one state that based oh "certain" etlfical grbiirids, it is tough to support “the 
higher time preference rate?

44SA ■ ■ “32 G "

-4"'" ............... -T4 15 ........ WhafTsDECD? ......... ' “ '' USA 32 G

'4“.................. "45 30' ......... ■Replace "most plausible discount rates" with "discounf fates below 10 per cent"!

The presentation of the example does not follow the methods advocated by the chapter. 
The authors should carefully constuct an example that demonstrates the various 
discounting approaches discussed in the chapter, including all their steps.

USA" ““ 32 G

^---------------- ■45'-l^ " 0 ■ " t he meaning of "institutionally infeasible" is not apparent as cited in reference to 
option d.
An explanation needs to be provided.fp. 15)
Re. p. 16, lines 43-44. The prescriptionists response for using low discount rates seems 
rather weak as presented here. Are there any other arguments that would make their 
position more credible?

IPIEUA 18 A

“4.....^ .................. 16 ------- 9‘ “ - ' “ t he estimate of aT3.TO real fefum to non-residential capital over the period l975^9(r 
seems very high. The estimates should be properly attributed to their respective 
authors.

USA 32 G

f....... ......... 46 33..... .. Would'nt general economic growth address a large ^are of the damages from 4JSA“ ““ “ “32 U“““



WGIII Peer Review March/24/1995 Page:

Keterence
Comments

Reviewer
Jjection rPage Line (Country #) ID Response

4-— --■

warming? Moreover, compensation ot future parties that lose trom particular policy 
choices is difficult regardless of the discount rate chosen.

137J5 Replace the last two sentences with the following: "Society may not be willing to make 
other investments, for example in education and research, which could reasonably be 
expected to benefit those adversely affected by climate change, even hundreds of years 
in the future. Even if society were willing to make such investments, there is no 
guarantee that their rate of return would remain where it is today over this entire time 
period."

USA 32 G

■5 0 0 Tlie conclusion that it is riot appfopfaite to discount for risk of uncertainties is correct. SWbU 1 / G

"5 ■ ......... ' 17- 1 Thelxistence ofriTutfiple friarket failures is a'classic pfobTem oTTHe second"besfriris 
not obvious whether piecemeal fixes would make things better or worse.

UsA 32 ■ G

"5
1

17 19 Footnote 3 is unclear. Risk avefsFon (decliriing marginal ulilify) is supported by data, 
for example.

USA ■32" G

1
Agree that it is not clear what the authors are sayng about data. Also, what about the 
data that shows risk loving over losses? Is GCC a problem of losses or gains? Footnote 
2 is also unclear. Does "G" refer to the public good> If so, it is not defined until 7 
pages after the endnote shows up.

6 ........ T8 17 Tf there is no intertemporal welfare maximization by the government, then how can one 
assert that market rates are necessarilty wrong? Could'nt the lack of interventin be 
viewed as an endorsement of market rates?

UsA 32 G

‘18* 2T-IU ■ * Tt IS unclear from theTelcTjust what a shadow price is. USA 32 G

^rs -29- 1 he work presented by Lyon at the IPCtJ meetings show that a shadow price of capital 
of 1.5 to 2 may be quite low, given the rates of time preference assumed by Cline and 
others. For example, with no reinvestment of capital income(exccpt for coverage of 
depreciation), a rate of time preference of 2%, and a return to capital of 8%, the SPC 
will be 4.0. If 10% of net returns to capital are reinvested, the SPC rises to 6; and if 
20% of net returns are reinvested, the SPC rises to 16. Moreover, if the rate of time 
preference is 1.5% - as is argued several times in this chapter - then the SPC under the 
last set of assumptions would be infinite. (Note that the total weight on costs will be 
below these values, as only the portion of costs coming from investment gets weighted 
by the SPC).

USA 32 G
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T" ■ ■ 19- 1 - 1 he relationship of the aiscussion in this Para, to the shadow price ot capital approach 
is unclear.

USA 32 u

21.......... ■

i

i

1 he statement that most evideiicrfrom economic history suggests the possibilities tor 
economic substitution is high could be misleading. First of all, there are a number of 
cases from econmic history which point in the opposite direction, eg. the rapid 
protection of the ozone layer, the conflicts over water scarcity etc. secondly, it does 
create the impression that "no single resource is indispensible" but it is obvious that 
there might exist several essential functions of nature which life can not be without and 
which we can not compensate for. Thus the burden of proof lies on those those who 
claim that substitutability is possible in all cases since they put the rest of humanity in 
jeopardy.

SWbU 1/ U

0. 1 29 ■ 24 3 his derivation of the discount rate heeds furth“er elab6ralT61i."Equ'ali6rr4ATTlhduia-be
I ■ maximized, and the relationship of the interest rate to this equation should be 

explained.

USA ----- 12 - G "

: 9; 1 : 24 : ^ 1 Again, infergeneratiohal equity can be far more compIexlRan detFrmination of Q. TJS"A~ 12" " CT -

' 9. 1

;
i

25 ■ 20
1

i

Again, the discount rate would hoi be negative if prices are approjariately adjusted. See 
this reviewers comments on p. 6, line 38 of this chapter.

USA 12 G

: 9. 1
1

■ 25 ■ 23'1
i The reTatibnship of the Sandmo-Ureze approach to the SPC approach is unclear. USA 32 G

9. I ! 7-n The point Being made here is not very clear.

1

UAN 24 — "G

9. 2 '27

!

17 ■ ■ : Should tR"e sTatenienl refer To G=U or G hot equalTo U? USA 32 “G
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04 Intertemporal Equity and Discounting

0 0 0 This is a clearly written and rigorous exposition of discounting and inter-temporal 
equity.

WEC 01 A

Is this topic, covered in 32 pages including references, of sufficient interest to policy 
makers and government delegations to form part of the main SAR? As a paper in a 
separate volume of Technical Papers it would have greater merit (some material in a 
few other chapters could be similarly handled). This material is familiar enough to 
those who follow the relevant academic literature, but there is widespread feeling that 
economists in this area wax over-long and over-enthusiastically on discounting and 
discount rates.

The essence of the topic could be adequately covered in 2 or 3 pages and go into a 
slightly expanded section in Chapter 5 (pp. 32-33) or Chapter 6 (section 6.1.5 at p. 7). 
This proposal should not be viewed as a negative comment, but a leflection of the 
subject matter and its prioritisation for most potential readers.

A box might have been prepared which summarised why some people are deeply 
opposed to the application of discounting (or maximisation of net present value) to 
intergenerational and other sustainable development issues.

0“""..................... 0 ■ CT It seems that the scientific information and the more personal views ot the authors are 
not clearly separated.

NED uy (j

There is an obvious lack of coordination between chapters three and four.

The key message seems to be that there are several arguments for choosing a high 
discount rate or a low one; the final choice is really up to the policy-makers.

More attention could be paid to the (especially moral) implications of using a discount 
rate.

The differences between presciptive and descriptive need to be clearly stated.

(T 0 - - - Re. pagein, line TZ7 WHaf is the scientific basis for these numbers? Suggest deletion. NED uy u
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'O "0 "0 " General Comments SWEU T7 U

1) with strong arguments against using a non-zero pure rate of time preference can not 
see why a zero or at least a very low rate is not recommended in the text.

1

2) Discounting due to an expected increase in per cpaita income in the world is 
discussed and it is recognized that the realtive per capita capita growth need not be 
constant over time. If it declines over time it implies that also th ’; discount rate should 
decline. In combination with a low or zero rate of time preference, this has 
considerable implications for how impacts occurring far into the future are valued.
This should have been illustrated in a diagram as well as mathematically. ( See 
attachment)

"SWED1 ^ ■
1

0 0 TVhTle iris true th¥t "identifymg the proper discount rate is pr6bal5ly the single most 
important analytical step in the economic analysis of climate change", the cited 
sentence might create the impression that one can analytically derive a value for the 
discount rate. This is imposssible because one component of the discount rate must be 
determined by the pure time preference, must be determined by ethical consideartions. 
Thus it should be stressed that (i) the discount rate is to a decisive extent determined by 
ethical considerations and (ii) the choice of crucial importance for the cost analysis of 
climate change.

(j

-n............ 0 ■■ 'O' “
"Can this issue meariihgtully be expressed as a discounting problem.' Much ot the 
benefit that will take place far in the future cannot reasonably be estimated, it involves 
health and ecosystem effects which are ill-defined and whose valuation is uncertain 
and controversial. This suggests that a multi-criteria approach to the problem is more 
suitable.

TPTECA liS A

1
Suggest organizing the chapter along the following lines:

1

- Economics provides no clear answers to many of the issues raised by discounting in 
this situation. There are strongly held views on all sides of the question.
- The use of MC/. provides an alternative to trying to discount the future benefits of 
current climate change mitigation strategies, although MCA is not without its own 
drawbacks.
- There is a strong philosophical following for the use of low social discount rates for 
discounting future consumption, and a strong practical following for the use of rates 
nearer market levels.
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Comments
Prying to value the effects of foregone investment on future consumption is complex 
and possibly subject to manipulation. It is hard to justify lower discount rates for this 
particular type of social investment than for the many other types of investment that 
are currently made. Faced with this dilemma, some analysts have chosen comprimise 
rates between these positions. An alternative is the use of multiple discount rates by 
analysts. The implications of this approach, with all results provided to other analysts 
and policymakers, might usefully be addressed in this chapter.

Re. p. ii, lines 3-7. TheTecbghltion thafthi^is^^ilosophlcal and ethical question as 
well as an economic one is important. However, this also means that there can be no 
one right answer to the discount rate question. To communicate to policymakers the 
necessary absence of a "proper answer" to this question is important in an assessment 
of economic knowledge to the climate change question.

Re. p. ii, lines 31-32. Consistent with the comments on lines 3-7 by this reviewer, 
avoid implications of there being a proper answer.

Re. p. iii, lines 30-32. The authors should be complemented for their efforts to include 
views of the discount rate, such as those held by Schelling and Nordhaus, which are 
different than their own. However this summary gives short shrift to the "descriptive" 
approach. The implication of a trust fund earmarked for greenhouse victims seems 
extreme.

The summary lacks discussion on sections 4.5 to 4.8.

OveraTTthTs ch^^efis comprehensive, fialanced and reasonably well written survey 
and evaluation of the available literature. Moreover, the chapter summary was in 
general a fair representation of the body of the text and was, in turn represented 
effectively in the PMS. Each of these aspects of the text should therefore be supported 
against any attempts to substantially amend them.

The chapter summary and more importantly, the policymakers summary, does not 
adequately represent the treatmefit in the text of the alternative approaches to 
discounting, on the one hand, and the (affordable) safe minimum standards/natural 
capital approach on the other. This could be done and injected into the chapter on 
discount rates.

There Is a danger m assessing the impacts of climate ^ange that assessors will 
consider the issue as but one other "project" and rely on existing literature about

Reviewer 
(Country #)

fPIECA

AUST

t:an

“A“-

Response
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i 0

0 ; 0

0“

0

Comments
^iscount fates and thelf optimal levels, t he problem ot climate change is a very 
long-term "project" and as stated in this chapter discounting is one of the critical issues 
in assessing its costs.

1 his chapter seems rather esoteric and mucTi of it is unintelligible.

Re. p. iinrries U-347The intergenerational equity questions are profound. GHU 
stabilization objectives may require substantial abatement by some of the world's 
poorest countries. Some of the benefit of these abatements will accrue to the wealthy. 
Vulnerability to climate change may be the greatest in the poorer countries. Questions 
about how to share the costs of abatement and distribute climate change damages are 
no easier to resolve than those regarding intertemporal questions. This should be 
handled by a clearer sense of the relationship between chapters 3 and 4.

R£ pT iii, Imes 28^2. The authors argue fhaf the proceeds of market investments”af^ 
not likely to be set aside to compensate those adversely affected by climate change.
The implication is that market rates of interest, or opportunity cost of capital, are 
inappropriate for discounting future benefits of climate investments. The argument is 
not convincing.

While investment proceeds are unlikely to be set aside directly for the exclusive use of 
climate change victims, market investments will benefit individuals in the future, even 
the distant future. The opportunity cost of climate investments include foregone 
investments that would augment human and physical capital. Augmentations to the 
stock of human and physical capital will expand capacity to produce consumption 
goods in the future, thereby benefiting future generations. In fact, the industrial age has 
witnessed an extraordinary increase in wealth and living standards as one generation 
inherits capital from the previous generatin and leaves a larger stock of capital to the 
next generation. Also note that, although little physical capital from the dawn of the 
industrial age has survived to the present, no one can doubt that investments made at 
that time yielded benefits that still enrich us today, two centuries later. These benefits 
accrue to us today even though no one thought to earmark and reserve them for the end 
of the 20th century.

Given the history of the creation of wealth over the past 200yrs, it is puzzling that the 
authors dismiss the possibility of adding to the wealth of future generations through 
investment in any projects but those that mitigate climate change. If this hypothesized 
inability to benefit the future by current investment is the sole argument against use of 
the opportunity cost of capital as the discount rate, then this criticism does not seem to

Reviewer 
(Country #)

CAN

UbA

USA

724^

T2“

Response
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T)e fatal. Use of the opportunity cost ot capital as the discount rate would seem to be a
defensible position. The chapter, which gives far too little attention to the opportunity
cost of capital approach should be revised to correct this deficiency.

However, we should be careful when thinking about our assumptions regarding the 
motives of past generations and their sense of moral obligation to us.

"o ^.... . ^ ■ 0 (L Ke. p.lii, lThes/5D-32. 1 he auTHors should be complement^ tor their effort to include 
views of the dicount ratwe, such as those held by Schelling and Nordhaus, which are 
different than their own. However, this summary gives rather short shrift to the 
"descriptive" approach. In particular, the implication that society needs to set funds 
aside, as in a trust fund, earmarked for eventual compensation of greenhouse victims 
seems extreme. So long as funds are invested productively, they will be available to 
future generations. Incremental economic growth provides the resources for future 
compensation for future victims. Compensatin is really a redistribution problem for 
future generations, which can not and should not be solved now.

USA" T2 U

"0 ■ 0

1

0 Page ii Summary, Lines 3-7

The recognition that this is a philosophical and ethical question as well as an economic 
one is appropriate and important. However, this also means that there is a range of 
advice based on different prescriptive and descriptive considerations. To communicate 
to policy makers the necessary absence of a definitive answer to this question is 
important in assessment of economic knowledge as applied to the climate change 
question.

USA------- 32 (J

■ D............. ■ 0 Page ii line 20

How accepted is the Brown-Weiss argument? My sence is that it is not supported by 
any treaty. Rather it is more an ethicla norm. Does terming it an international legal 
principle give it more weight than other philosophical criteria (eg. Rawls' difference 
principle or Nozicks theory of rights)?

USA 32— O

■ 0 0 0 COLLATED COMMENTS IPCC WDRKINGTIRDDP IT DRSFTSSSESSMENT—

Chapter 4: Intertemporal Equity and Discounting

Lead Reviewer s Overall Summary and Comments for Review Process:

USA" 32—
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I ne cnapter lays out tne central issues or tne longstanding discounting debate in 
economics somewhat independently from the specific program of global climatic 
changes (GCC). What connections there are to GCC are made strictly from the view of 
largely deductive economic theories. The chapter attempts to distinguish a 
"prescriptive" and "descriptive" as a way of introducing a more inductive approach but 
then seems to reject this view on "ethical" reasons. This is somewhat surprising, since 
the ethical arguments mentioned are more a matter of praticalities (ensuring future 
transfers) than they are a genuine consideration of moral obligations (e.g., 
stewardship).

Of central concern is whether or not the chapter conveys to policy makers what they 
need to know to make informed choices regarding the discount rate for policy analysis 
in GCC. I think there are several serious problems here:

I. The chapter fails to consider the more fundamental issue of the nature of the 
problem. As one reviewer points out, the authors proceed as if all the consequences 
can be framed as a gradual process of incremental damage. Under these conditions, 
the problem collapses to a debate over rates that may be of great interest to economists, 
but 1 believe will be regarded by policy makers as missing the point. In contrast, 
another reviewer faults the chapter for treating GCC as a special case. While I am 
inclined to believe it is, for a number of natural and social scientific reasons, I agree 
that the authors have not made the case here. The chapter should begin with a clear 
essay on why GCC is or is not different from any other policy concern. For example, 
the chapter states that future generations can be compensated for "some" 
environmental/natural resource effects, but what about the "and not for others" case? 
This should be followed by a discussion of the significant views of "better ofF' that 
would be at the core of alternative normative perspectives for this problem if we were 
to treat it as a special case. The relationships between Chapter 3 and this chapter 
should be clarified.

II. The economic perspective should receive special attention, but the authors should 
carefully delineate normative and positive results. Policy makers will want to know 
when prescriptions are based on normative models (some of questionable empirical 
validity), and when they are based on credible scientific evidence. The chapter's 
distinction between "prescriptive" and "descriptive" approaches is misleading. In fact, 
both approaches are prescriptive; however, one is based on a largely deductive 
methodology while the other is more inductive. Both approaches are often at odds 
with empirical results in decision making and market behavior in the case of unfamiliar 
or poorly defined goods (and these major results should be made clear for policy
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makers). What the authors present as an "emerging consensus" regarding discounting 
is clearly not one, given the reactions of the reviewers.

III. Very little discussion is devoted to the implications for policy analysis in the real
world. As examples, the chapter does not offer insights for sensitivity analysis,
scenario development, or alternative treatments of the problem as might follow from
specific stabilization policies. Contrary to the tone in the SUMMARY which endorses
cost-effectiveness analysis (but not cost-benefit analysis) and a variety of ethical
principles for addressing equity, the tone in this chapter emphasizes finding the
"correct" rate of discount to decide about alternative policies. The chapter seems
determined to make a single recommendation, rather than explicating reasonable
alternatives that reflect different normative commitments and preferences. In addition,
the chapter should more carefully distinguish the interesting cases of this problem:
policy choice, project choice given a policy goal, catastrophic risks, and cooperative
and non-cooperative policy strategies.

IV. Key concepts and examples need clarification and editing. Some examples are
confusing, key concepts are introduced with little definition, abstract methodological
concerns are raised but not explained, and, as currently written, the annex does little to
resolve concerns about the normative perspective or its empirical grounding.

To help the authors think about revisions, 1 have organized all of the general comments 
under the four categories discussed above. In some cases, 1 have appended to a 
comment from a reviewer some additional concerns of my own. The specific 
comments are ordered by page and line number, but the category concerns are noted 
there as well.

General Comments on Chapter from Reviewers:

1. Intertemporal Equity

1. The Inappropriateness of Discounting

A. Assuring Climate Change. Since the costs of averting change occur in the present,
and the benefits in the perhaps distant future, discounting dramatically devalues the
future values associated with it. Ironically, if we assume a smooth warming path with
slowly accumulating net damage (as these authors do for the most part) then the
adoption of this framework alone constitutes the decision to do nothing. There is no
need for any analysis within it. This assures that the goal stated in the "Summary for
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Toli^ Makers" of "SahTlization of greenhouse gas concentrations" will never be met. 
The conclusion is such a short inference away from, and so completely determined by, 
the (unjustified) assumptions of the method that the whole thing seems silly.

B. Immortal Agents. The authors are quite mistaken to brush aside Tom Schelling's 
criticism that long term discounting assumes an immortal agent. Surely Schelling is 
right that there is a world of difference in thinking about my own future consumption 
and that of others. This difference causes the whole framework used by this chapter to 
collapse. The authors have conflated issues of allocation with those of distribution.
This is completely illegitimate.

C. Time and its Correlates. Further still, the idea of discounting is far more 
problematical than normally assumed by these authors. As Derek Parfit has argued, 
discounting typically confuses things that are correlated with time, with time itself. A 
variety of arguments are offered in support of discounting: risk, opportunity costs, the 
supposition that future generations will be better off than we are, etc. But in none of 
these cases, is it time itself that is the key issue. These authors exhibit these 
confusions in numerous places including pages 9,11 and 17.

D. Time Preference. We would think much more clearly about the future if we used a 
disaggregated vocabulary rather than starting with the assumption the there is a social 
discount rate. I think that there are also reasons to doubt that inoividuals have a rate of 
time preference; or at least, that it functions in the broad way that economists assume. 
For example, why must present and future time value be related by an exponential 
function? Why not some other relationship? What is referred to as time preference 
needs to be disaggregated in much the same way as "the" social discount rate. See, for 
example, Rawls' discussion of this subject in A Theory of Justice.

2. Problems with the Point of Departure

A. Distributing Utility. The authors are quite mistaken in thinking that the issue is the 
distribution of utility. Utilitarianism has been virtually universally rejected by 
philosophers, but the authors seem unaware of this literature. Their statement (page 
four) that their approach derives from a "persuasive axiomatic structure" hovers 
somewhere between irrelevantand outrageous. They seem uninterested in the 
questions of whether the system is true or not. Who cares if it is axiomatic or not.
The utilitarian project has failed utterly to offer a satisfactory account of moral 
obligation.
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-Xltilitanans have been unable to show how to get from the (I believe false)
proposition that everyone seeks to maximize their own utility, to the idea that we have
a moral duty to maximize the utility of everyone.

- In offering no place for the language of rights (Bentham referred to rights as
"nonsense, nonsense on stilts") it authorizes the ruthless exploitation of the minority if
we can show a net gain of utility.

- It is infeasible from a motivational point of view in the classical version (greatest
happiness of the greatest number) because it requires more altruism than we can
reasonably expect people to muster. (Further, it is mathematically impossible to
maximize two variables.) The self-interested motivational assumption of the
neoclassical school fails for the opposite reason in that it fails to offer any account
whatsoever of what we owe one another.

The attempts on the part of modem economics to distance itself from the failure by 
dropping the language of utility in favor of that of preferences backfires. If 
preferences are not connected to utility then it is completly mysterious why one should 
care about them. Incidentally, a utilitarian should consider the preferences of at least 
some nonhuman animals since many of them can also experience pleasure and pain.

B. Finding a Foundation. Not all goods are, or should be, tradable at the margin. Coase
type transactions cannot go all the way down—otherwise we would have to bribe
people not to assault us. The way all societies actually function is to block a set of
exchanges and then allow Pareto transfers above those constraints. In our society, for
example, votes cannot be legally marketed, nor can certain fiduciary goods like
national battlefields. C/B analysis sheds no light on which exchanges should be
blocked. One might reasonably assume that exchanges that impair the earth's life
support systems should be blocked as we have done in the case of ozone depleting
chemicals.

3. An alternative point of departure: Tmsteeship

The authors seem to misunderstand the trust model (p. 3) in that they imply that it 
allows for perfect substitution. Here they conflate technical with moral 
substitutability. The conventional efficiency/equity distinction is dysfunctional 
because it misunderstands the nature of goods.

A. Problems with the Efficiency/Equity Distinction. In the standard view there are tu’o
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objectives for policy: etticiency, to be achieved by corrected markets; and equity 
which is usually not very robust- but is either a constraint on efficiency or is some 
ways to be traded off against it. There are a number of problems which go way beyond 
the one normally recognized: that economics doesn't have much to say about equity.

First, the basic distinction does not parse at the joints. The idea is that there are goods 
traded in corrected markets that yield efficiency makes it sound as if there is only one 
or two kinds of goods. But Walzer is certainly correct in Spheres of Justice in his 
observation that goods move in accordance with their meanings as much as with their 
prices. There are at least four different classes of goods in all societies: 1) those traded 
in markets; 2)those distributed according to merit-public office, licenses to practice 
medicine and the like; 3) those distributed according to need-e.g. food stamps; and 4) 
fiduciary goods which one generation preserves for those who follow. (My argument 
is that because of its role in the preservation of species and cultures that climate is a 
good of this kind.) Seen from this perspective the role of public policy is the proper 
maintenance of these various spheres-not the maximization of utility or consumption 
in one of them—the market.

Market Preconditions. Once we distinguish between markets and their preconditions 
the question arises of how should we think about those preconditions. In Restoring 
the Public Trust 1 argue that a fiduciary model captures what is at stake with respect to 
climate change. This grounds, 1 believe, an obligation to leave the world at least as 
good as we found it—meaning leaving its productivity and diversity intact.

Because of the role of climate change in species extinction, and as a possible threat to 
some of world agriculture, I argue that there is an obligation to stabilize climate. Seen 
from this point of view the role of economic analysis is to be concerned with 
discovering the most cost effective means of reaching the goal of having GHG 
emissions and sinks in rough equilibrium.

A. Tractable Morality. There is no obligation to maximize utility or preference 
satisfaction or anything in that family of ideas. We have a much more tractable 
account of our moral obligations. Rather, we can follow Locke in stating our 
obligations in terms of the preservation of persons: understanding this to mean 
preserving their lives from external threats, preserving and enhancing their moral and 
religious choices, and assuring the means to subsistence.

In the trustee conception the fundamental job of the nation states is not to create 
opulence or to correct for market failures-but to preserve the persons of their citizens
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now and in the future. An element in this overall obligation is to keep the various 
kinds of goods discussed above in proper balance.

Other Problems. This chapter also fails to draw on the large literature on 
intergenerational justice. An excellent compendium by Bayard Catron entitled Ethical 
Dimensions of Environmental Policy and Decision Making: Risk Management, 
Intergenerational Equity, and Discounting(Washington, D.C.: NAPA, 1993) would 
have helped a lot. Beyond this the authors seems unaware of the literature on the 
nature and unpredictability of ecological change. See, for instance, C.S. Hollings, "A 
Cross-Scale Morphology, Geometry, and Dynamics of Ecosystems in Ecological 
Monographs 62(4) 1992, pp. 447-502, esp. pp. 478-485 for a discussion of the 
inherent unpredictability of the future.

4. Social welfare functions are generally assumed to be an summary of the preferences
revealed by a political process, and are used as a convenience in theoretical
explorations of the necessary conditions for maximizing some concept of social
welfare in which both efficiency and equity matter. When a policy that satisfies the
efficiency conditions results in a redistribution of income that is judged to be
undesirable (based on some idea of a social welfare function) the consensus approach
is to design compensatory programs or transfers that make it possible to achieve both
efficiency and equity. This is the Birdsall and Steer recommendation. The
"prescriptive" approach abandons any efforts to reconcile efficiency and equity, and
recommends policies that leave all generations worse off compared to the welfare they
could achieve if efficient climate policies were adopted and intergenerational transfers
dealt with through policies affecting savings and investment. Birdsall, N. and Steer, A.
Act Now on Global Warming - But Don't Cook the Books, Finance and Development
30(1), pp. 6-8.

5. The discussion of the chapter on the problem of earmarking revenues for future
generations in a Fund for Greenhouse Victims (Page 16, lines 33-35 ) is both erroneous
and irrelevant if the possibility of providing for future generations through capital
investment is admitted (Stiglitz). Today's investment in physical capital increases
future productive capacity; no other funding is required to make future generations
better off

Stiglitz, J. E. The Rate of Discount for Cost-Benefit Analysis and the Theory of the 
Second Best in R. Lind ed. Discounting for Time and Risk in Energy Policy.
Resources for the Future, 1982.
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6. I have a serious interest m this issue, and found Chapter 4 to be helpftil to my own 
thinking. However, I feel the chapter overstates the merits of the prescriptive approach 
relative to the merits of the descriptive approach. My comments below elaborate on 
this point, and suggest some textual changes that would help to redress the balance.

The primary criticism leveled at the descriptive approach is that there is no guarantee 
that investments we make now will ultimately benefit individuals in future generations 
who may be harmed by climate change. However, this exaggerates the difficulties of 
transferring non-environmental capital to those harmed by climate change, and it fails 
to recognize the difficulties inherent in transferring environmental capital.

Barring an event like the "dark ages," investments which expand the stock of 
technological knowledge cannot easily be squandered by future generations.
Moreover, since the benefits of advancing technology are significantly a public good, it 
is not plausible that these benefits will somehow fail to help the particular individuals 
in future generations who may be most harmed by climate change. Likewise, 
investments in education, particularly of women, seem to produce self-sustaining socia 
change which lowers population pressure, and this too has spillover benefits to all 
members of future generations. Thus some very important classes of 
non-environmental investments are likely to have enduring payoffs in future 
generations, and those payoffs are likely to be available to those who are ultimately 
harmed by climate change.

Moreover, it should be acknowledged that environmental investments we make to 
reduce C02 emissions can be subverted in the future, as long as oil, gas, and coal 
resources remain available to be used at some future date. Thus today's investment in 
C02 emissions reduction may be equally or more at risk of being squandered or 
"misappropriated" than investment in other kinds of non-environmental capital, 
particularly education and research.

7. As Chapter 4 acknowledges, the prescriptive approach is fundamentally an ethical 
position, shared (more or less) by many social scientists who are highly educated and 
wealthy, at least relative to the people likely to bear the cost of controlling C02. If the 
observed income redistribution policies of the world's governments are grossly 
inconsistent with the ethical norms of these individuals, it seems to me that the 
common sense explanation is that most of humanity does not share these ethical norms. 
The chapter acknowledges that this is possible, but the point is "soft-pedaled," 
particularly in the summary section where it is not mentioned (even though the critique 
of the descriptive approach is prominently featured there.)

Reviewer 
(Country #) Response



WGIII Peer Review March/24/1995 Page:

Reference
‘Section Page ‘Line Comments

According to Aaron et al. (1994), these values are affected by affluence. Our future 
generations, if wealthier and better educated, can be expected to place more value on 
"respecting and preserving nature and the natural." Will this be handled in the 
estimates of avoided damages?

Aaron, H.J., Mann, T.E., and Taylor, T (eds), 1994, Values and Public Policy, The 
Brookings Institution.

8. It seems to me much more work needs to be done on telling the modelers how to
design their models so as to answer the questions that are imbedded in the discount rate
issue. To the extent that the present is transferring substantial resources to the future,
we ought to be able to tell people how much. To the extent that under reasonable
assumptions per capita consumption will be greater in the future, again, we should
know much greater. In other words we shouldn't bury major ethical decisions in the
discount rate.

In part, this is a result of the lack of connection between Chapter 3 and 4. If the 
authors want to set aside the major ethical issues then they should explain how decision 
rules from Chapter 3 will interact with the approaches in Chapter 4.

9. One reason for this is that the preferences of today as expressed by democratic
governments, as Chapter 4 notes, differs drastically from the consensus of economists
as moral philosophers. We need to give the democratically elected decision makers the
information needed to make these decisions, not bury the decision in the choice of a
discount rate which reflects our moral judgments which are not those of the public. If
we don’t do this, our work will become more and more irrelevant.

II. Economic Efficiency and Discounting

1. The chapter is unbalanced in its presentation of the economic theory relevant to
choice of discount rates. It is not the consensus of professional economists that the
social discount rate should be based on the kind of ethical judgments used in the
"prescriptive approach" to justify a discount rate of 3% or less. What the chapter labels
the "descriptive approach" is in fact the mainstream approach to the subject. The
chapter should concentrate on the descriptive approach, and give the prescriptive
approach only brief mention as a perspective that suggests climate policy should be
treated as a special case and based on ethical judgments that have not been embodied
in any other economic policy.
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2. The chapter fails to prov ide a justification for choice of a discount rate lower than 
the before tax return to capital. What Stiglitz, Dreze and Sandmo, Arrow and Kurz and 
others demonstrate is that when governments cannot use either optimal taxes or make 
lump-sum intergenerational transfers, the correct discount rate for evaluating public 
investments may not equal the before-tax return to capital. There are necessary 
conditions for welfare maximization that must hold among the return to capital, before 
and after tax . ates of return, and the social discount rate. The chapter states correctly 
(Page 13, Line 2) that with nondistorting taxes and optimal intergenerational transfers, 
the social discount rale will equal the before tax return to capital. The chapter is 
incorrect in dismissing this as a special case. These assumptions are the normal 
starting point for applied welfare economics. The burden of proof should be on those 
who argue for different assumptions. Moreover, as will be discussed below, alternative 
assumptions do not lead to any simple characterization of the social discount rate.

3. If existing taxes create significant distortions between the before and after tax 
returns to investment, a case can be made for choosing a discount rate between the two 
(as Nordhaus and others suggest) or for converting foregone investment to 
consumption at the before-tax return to capital. These are necessary conditions for 
intertemporal efficiency, and hold regardless of the choice of a social welfare function. 
Choosing the weights to be applied to before- and after-tax rates of return in computing 
the average requires an explicit analysis of how climate policy affects investment and 
consumption. The chapter includes no such analysis and therefore has no basis for 
concluding that the correct discount rate is not the before tax return to capital, as it 
would be if the costs of climate policy all come from investment.
Nordhaus, W. D. Managing the Global Commons: the Economics of Climate Change. 
MIT Press, 1994.

4. It is only if governments cannot make intergenerational transfers that choosing a 
social discount rate different from some weighted average of before and after tax rates 
of return to capital can be desirable (Stiglitz). But this does not justify an analysis that 
constructs a social rate of discount from ethical principles, as the prescriptive approach 
recommends. Instead, the correct theoretical approach (Stiglitz, Arrow and Kurz) is to 
model explicitly the constraints presumed to exist on intergenerational transfers, the 
characteristics of the investment in question, and the relation between climate policy, 
consumption and investment. As Stiglitz shows, the conclusions that follow about the 
relation between the social rate of discount and returns to capital (before or after tax) 
will depend on all these factors, and the social rate of discount may be higher or lower 
than the before tax return to capital. The conclusions that the chapter reaches on the
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range of discount rates is not Bas^ on any such analysis, and therefore has no 
foundation.

Stiglitz, J. E. The Rate of Discount for Cost-Benefit Analysis and the Theory of the 
Second Best in R. Lind ed. Discounting for Time and Risk in Energy Policy.
Resources for the Future, 1982.
Arrow, K. J. and M. Kurz. Public Investment, the Rate of Return and Optimum Fiscal 
Policy. Johns Hopkins University Press, 1970.

5. All of the theory of social discount rates assumes that governments attempt to
maximize a social welfare function, but face constraints on tax and transfer policy that
make it necessary to choose a social discount rate different from the private return to
capital. None of the economic theory of discount rates is based on the assumption that
governments are maximizing the wrong social welfare function. This is the
assumption on which the prescriptive approach adopts (Page 12, line 32). The
prescriptive approach posits a social welfare function different from that which
governments are assumed to be maximizing in making economic policy, and then uses
it to argue for a low discount rate for climate policies. That entire line of reasoning is
illegitimate, and certainly does not represent the consensus view of mainstream
economists.

6. The "descriptive" approach, which assumes that the preferences revealed by current
policies reflect the social welfare function of the nation in question, is the mainstream
approach and should be presented as such. The complexities involved in choosing a
discount rate for public investment with constraints on tax policy and distribution can
then be discussed in that context.

7. The prescriptive approach is relatively well-explained. However, the descriptive
view is not presented very coherently. It points to the relevance of alternative
investment opportunities, but does not specify exactly what the discount rate should be.

8. The main area of omission in this chapter is the psychological work on intertemporal
choice. This research shows a number of decision biases that may have policy
implications. Below is a reference list of some potentially relevant papers.

Benzion, U., Rapoport, A., and Yagil, J. (1989). Discount rates inferred from 
decisions: An experimental study. Management Science, 35,270-284.
Cairns, J.A. (1992). Health, wealth and time preference. Project Appraisal, 7, 31-40. 
Cropper, M.L., Ayded, S.K., Portney, P.R. (1994). Preferences for life saving
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programs: How the public discounts time and age. Joumm oiRisk ana Uncertainty, 8, 
243-265.
Ganiats, T.G. (1994). Discounting in cost-effectiveness research. Medical Decision 
Making, 14,298-300.
Keeler, E.G. & Cretin, S. (1983). Discounting of life-saving and other non-monetary 
effects. Management Science, 29, 300-306.
Lipscomb, J. (1989). Time preferences for health in cost-effectiveness analysis. 
Medical Care, 27, s233-s253.
Loewenstein, G. (1987). Anticipation and the valuation of delayed consumption. 
Economic Journal, 97, 666-684.
Loewenstein, G. (1988). Frames of mind in intertemporal choice. Management 
Science, 34, 200-214.
Loewenstein, G. & Prelec, D. (1992). Anomalies in intertemporal choice: Evidence 
and interpretation. Quarterly Journal of Economics, 107, 573-597.
Loewenstein, G. & Thaler, R.H. (1989). Anomalies; Intertemporal choice. Journal of 
Economic Perspectives, 3, 181-193.
Olsen, J.A. (1993). On what basis should health be discounted? Journal of Health 
Economics, 12, 39-53.
Prelec, D. & Loewenstein, G. (1991). Decision making over time and under 
uncertainty: A common approach. Management Science, 37, 770-786.
Redelmeier, D.A. & Heller, D.N. (1993). Time preferences in medical decision 
making and cost-effectiveness analysis. Medical Decision Making, 13,212-217. 
Redelmeier, D.A., Heller, D.N., & Weinstein, M.C. (1994). Time preference in 
medical economics: Science or religion? Medical Decision Making, 14, 301-303. 
Shelley, M.K. (1993). Outcome signs, question frames, and discount rates. 
Management Science, 39, 806-815.
Shelley, M.K. (1994). Gain/loss asymmetry in risky intertemporal choice. 
Organizational Behavior and Human Decision Processes, 59, 124-159.
Thaler, R.H. (1981). Some empirical evidence on dynamic inconsistency. Economic 
Letters, 8, 201-207.
An important issue to resolve for policy makers: How is it we can seriously challenge 
decision making for unfamiliar goods and not "choices?" In addition, what do these 
studies indicate about framing the "time horizon?"

9. This seems to me to be the next step in the process of creating the models and 
analysis that will help us perform a systematic economic analysis of climate change 
policies.

10. The chapter exhibits two strong biases of the authors; (1) the "proper" discount
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"fafe"is the social rate oftmie preference (SR l'P) and (2) the component ot the SK I P 
corresponding to the pure rate of time preference should be set equal to zero. These 
positions do not represent the consensus of the economics profession and the chapter 
should be revised to provide greater balance in the treatment of different approaches to 
discounting.

11. The formulation of the SRTP as the sum of the pure rate of time preference and an
adjustment for changes in the marginal utility of consumption due to per capita
consumption growth is presented as if this is a general result that is value free. It is
described as "the fundamental equation for the discount rate of consumption," (page 6,
line 44).

This treatment obscures normative assumptions that underlie the derivation of the 
SRTP. For example, the derivation is dependent upon acceptance of assumptions 
about "welfarism," (the concept that social welfare is a function of only the welfare of 
individuals), the comparability of welfare across individuals, and a specific class of 
social welfare functions.
The underlying social welfare function assumes that social welfare in time t is 
reducible to per capita consumption in time t and is independent of the distribution of 
consumption among individuals in time t. Individuals living in different periods enter 
the social welfare function identically with the exception of a discount factor for pure 
time preference that varies as a function of distance from the present. These normative 
assumptions yield a SRTP that varies with per capita consumption grovrth, adjusted by 
the marginal utility of consumption, but not, for example, changes in the variation of 
consumption across individuals.

The assumptions may be reasonable approaches to simplifying the problem 
intertemporal optimization and discussion of them may not be necessary when writing 
for professional economists. But the audience of the WGIII report will include 
non-economists. For these readers, it is important to make the normative 
underpinnings of the SRTP explicit and discuss what they imply about 
intergenerational and intragenerational equity.

12. This chapter has improved over earlier versions, but still could use some work.
One general suggestion would be to have the chapter consider efficiency on a level
more comparable to the current emphasis on equity. For example, shouldn't efficiency
be in the chapter title and receive more attention in the summary? Also, there could be
some additional explicit discussion of what efficiency means in the intergenerational
context; the standard view that efficiency is a less controversial criterion than equity
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has some merit tor this"a^ication. '“ 

III. Implications for Policy Analysis

1. I believe that the Chapter is an excellent survey of the issues and literature on 
discounting and intergenerational equity. It falls short of giving the modelers who are 
trying to evaluate alternative policies any specific guidance. 1 suggest an approach to 
this shortcoming. I also feel too little has been said about sequential analysis of 
options and particularly the option of waiting.

2. However, if I were one of the two or three dozen researchers developing integrated 
assessment models, I probably would feel let down that I wasn't told which rate I 
should use in my model, or more importantly, how I might modify my model or use it 
to answer the questions regarding efficiency and intergenerational equity that are 
addressed in Chapter 4.

3. Let me suggest an approach, although time and space preclude a complete analysis 
of this issue which should be the next project for research on discounting and global 
climate change. I believe the key to the answer lies on the discussion on pp. 13-14. 
There are two key rates: (1) the rate at which we discount consumption and (2) the 
marginal rate of return on investments that are alternatives to investments in climate 
change abatement. 1 suggest that we keep these two rates separate in our models for 
the purpose of clarity. For example, in integrated models that explicitly model 
economic growth, one would use the rate of return on alternative investment in 
determining the growth path and consumption path if the proposed investment in 
climate change were instead invested in the economy. Consumption over time would 
then be discounted to its present value using a rate reflecting the SRTP. This would 
then become the baseline against which global climate policies would be compared.

This seems to be what the chapter is suggesting, but it is somewhat hidden by all the 
other arguments.

4. This approach is very similar to the shadow price of capital approach, however, by 
disaggregating the analysis, it forces us to specify and debate what the alternatives to 
investment in climate control are and what rates of return could be earned. It forces us 
to look at consumption rather than GNP. We can debate and vary the SRTP of 
discount separately. In short, it helps us keep straight the myriad of issues that are 
involved and doesn't bury them in a single discount rate.
For example, Cline gets a discount rate of 2% - 3% (p. 14) by assuming that 80% of
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l:oS“come's arthe'(^pehse of^ohsumpfion aita 20% at the expense of investment. SucTi 
an assumption might have followed from the assumption that the money was raised by 
taxation and the marginal propensity to consume was .8. The problem with this 
analysis is that the government could have invested it in other public projects. The 
problem with most second-best lines of analysis is that we don’t properly account for 
the opportunity cost and the approach suggested above would force us to do that.

5. Finally, we need to look more carefully at sequential approaches to this problem.
The sequence we should follow is not necessarily act, learn, act. The optimal
sequence, given the uncertainty we act may be to wait, learn, wait, learn, maybe act.
Given the feasible size of budgets that will be devoted to this problem, gathering
information and developing the technologies for the future may be our best option.

6. Economists know something about how individuals and companies trade off current
and future cash or consumption. We know much less about how people trade off their
consumption for the consumption of their descendants -- or don't like the answer we
observe in such behaviors as national finances. We have even less to say about how
people trade off their consumption relative to the consumption of future generations in
other countries - or don't like the answer at all, as demonstrated by the abhorrence of
the American electorate for foreign aid. Can this meaningfully be expressed as a
discounting problem at all? Schelling's argument that after a certain point future
generations run together has some real common sense to it. Furthermore, much of the
benefit that takes place far in the future cannot reasonably be estimated anyway,
because it involves health and eco-system effects which are not well-defined and
whose valuation is uncertain and controversial. This suggests that a multi-criteria
approach to the problem is more suitable. However, this risks painting the problem as
one of fundamental values of current generations about their stewardship responsibility
over the planet and its future inhabitants, and thus losing the sense that these are small
benefits far in the future.

7. These are topics of greater than average difficulty. Consideration should be given to
organizing the chapter along the following lines:

- Economics provides no clear answers to many of the issues raised by discounting in
this situation. There are strongly held opinions on all sides of the question.

- The use of multi-criteria analysis provides an alternative to trying to discount the
future benefits of current climate change mitigation strategies, although multi-criteria
analysis is not without its own drawbacks.
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- There is a strong philosophical following for the use of low social discount rates for 
discounting future consumption, and a strong practical following for the use of rates 
nearer market levels. Trying to value the effects of foregone investment on future 
consumption is complex and possibly subject to manipulation. It is hard to justify 
lower discount rates for this particular type of social investment than for the many 
other types of investment that are currently made. Faced with this dilemma, some 
analysts have chosen compromise rates between these positions. An alternative is the 
use of multiple discount rates by analysts. The implications of this approach, with all 
results provided to other analysts and policy makers, might usefully be addressed in 
this chapter.

8. Firms and Planets. The authors conflate the use of a perfectly usable framework 
about decisions within a firm or public agency with a program of planetary 
management. We need to distinguish between the means to achieve efficiency through 
markets or their surrogates, and the things that make markets possible-their 
preconditions. In "The Cultural Contradictions of Capitalism" Daniel Bell argues 
convincingly, to me at least, that capitalism depends on certain virtues (e.g. thrift, hard 
work etc.) that it tends to erode. Surely the earth's basic systems such as climate are 
candidates for being among market preconditions, and are being disequilibrated by 
unconstrained markets.

9. GNP a Mismeasure of Man. The problems with the GNP (p. 21) measure are far 
more extensive than even the literature on its defects (e.g., corrections for capital 
depletion, defensive expenditures and the like) recognizes. None of these revisions 
deals with the underlying problem that it embodies far too narrow a conception of 
human well-being to begin with, because it focuses too much on consumption. A 
much more promising way of thinking is being developed by Nussbaum and Sen 
entitled the capability approach, see, for instance. The Quality of Life. They argue 
that there a generic set of capabilities that define the good life, and that consumption is 
instrumental to only some of them. This grounds Sen’s claim that development as 
normally understood is a result of conceptual and moral failures.

IV. Editing and Clarification

All but one of these points are noted in the specific comments on the chapter.

1. My comments will likely point out which parts of this chapter are unclear to a
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non-economist. This chafer sometimes provided clear explanations of relevant 
concepts and other times used cryptic economics shorthand that 1 was not able to 
follow

1-------- 14 - Why is the alternative chapter posited? If efficiency is an important consideration in 
discounting - and surely it is - then it should be mentioned in the actual title and should 
get adequate treatment in the chapter.

UisA 32 (j

■]'.............. '2 24-26...... Agreement on this is n^ widespread^ NbU U9 (J

I......... ' 2 ■ 33-34 Literature on the growtTf of green GNP (Repe1:to7Huetirig) sbmdimes comes up with 
growth rates over the past decades of -0.5 to -3%.

"NED ■09““ “G

1------------------ ■ '2 10-11 THe choice of words "collapse of future"' couldTiave a wide range of interpretation 
depending upon a readers frame of reference. Suggest text read instead: Such results 
make clear how difficult it is to draw quantitive conclusions from calculations based on 

.such long time horizons.

IHlhLA T^ “A ■

r-........ ..

1

2 7-11 The reviewersTihcfthat the example given here is very effective in driving home the 
importance of discount rates in the context of climate change. We would encourage the 
use of more examples of this type in this chapter.

■CAN T4“ C “

"i ■■■2“ ■ ' 11 ------- The flip side oTthe collapse of Future values due to discounting is that very small 
displaced investments can lead to very large future shortfalls in output.

ttsa: ” ' 32 (j

1 ■■..................... -
“2.................... T8^34 This generalized egalitarianism seems to have to do with transferring wealth from the 

rich to the poor (utilitarianism) and seems logically unrelated to intertemporal or 
intergenerational trade-offs. It just so happens that future generations are expected to 
be wealthier than the present generation. Does’nt this assumption need to be considered 
in constructing our scenarios of the future?

USA 32 U

' 1 ‘T---------------- JE “ 1 he implication that markets do not effectively allocate goods over time (and 
particularly over generations) is controversial. It affects more than global warming 
policy and raises significant questions about national savings policy and use of 
exhaustible resources. Do not believe there is a consensus among economists that 
market interest rates are generally incorrect guides to behaviours in those settings.

USA 32 Li

'1......... “z............ 40-44 TTow, exactly, are infergenerational trade-ofts tor environmental goods different from 
those for private consumption goods? Converting environmental goods to their

USA yi G
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equivalent m private consumptTdn goods would seem to ensure that these two types ot 
trade off are treated equivalently, not differently.

"I" .......... ■■ T ...... ......... -9:71- - 1 he reviewers agree with this point. (JAN 24 U

■ r ......... “............... "3---------- What is the "incremental componenI"^rthe discounfrate? Is this the idea that risks 
compond over time? If so, why would we not want this aspect incorporated into the 
discount rate?

USA 32 G

"I.................. 3 ■ 13 How can ceffaThty equivalents Be used to tfeafissues ofequity? xrsA 32

^2' ” '3............... ■ ■42 -
i

It IS argued that mosTcounfries pass the wek sustainability criteria . Believes that this 
conclusion is based on Pearce's compilation of estimates a couple of years ago. These 
estimates are highly uncertain, inherently complex and difficult.

bWEU 1 / “i G

i

1

!

i 35^........ .. The sustainability school of thought as outlihedby: Pearce, DTW. and R.K21 umer
1 (1990), Economics of Natural Resources and the Environment, Harvester Wheatsheaf,
‘ London, is an important published school of thought in respect of intergenerational 

equity and could be added to the text. Add: The extent to which natural and cultural 
resources are substitutable is critical to this analysis and is highly contentious. Many 
economists including Pearce and Turner (1990) stress the need for sustainability limits 

■ to guide natural resource use which will be needed by, but cannot be created by, future 
generations.

AUbl 223^ G

T ^ ^.......... '3 ...... 37^41 r (jood point.
!

CAN 24 G

"2 ■ ............... ■
■3"............ .. "zr----- 1 he compensation problem deserves some discussion, it is relevant tor any discount 

rate.
USA 32 G

"2------- “3 3T “ ' “TVhy "must" discussions of intergenerational equity go beyond sustainability?
Brown-Weiss, for example, implies that sustainability is a "legal" (though perhaps 
more accurately, "a plausible ethical") obligation that generations face. What evidence 
is there of a consensus that governments should be allowed to make poorer generations 
suffer so long as richer generations gain sufficiently? Arguably this view is 
controversial, yet it is implicit in the utilitarian framework that drives the equity 
anaysis of this chapter. While this framework is important and merits exploring, it 
should be made clear that this is not the only possible framework. It should also be 
explaines to policy makers that despite the technical content of this discussion, the 
material covered is quite normative, and that while economists have expertise in

TfSA 32 G
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analyzing these norms, they are not in a position to determine them for society.

2.............. --4 Y4 - According to Chapter 3, Rawls is a utilitarian. NtU 09 U

4^ ...." “O It should be noted that Rawls himself argues that the maximum criterion shoudi not be 
applied to intergenerational problems (Rawls 1991).

bWtU 1 / U

2 4 10-19 " “Contra^between utilitarianism and min-niax is well sumniarized. USA 32 G

2 4 2L-35 Re. Sclielling’s dissenting opinion. Distributidrial considerations can be incorporated 
into utilitarianism. Distributions affect individual utility by wayt of perceptions of 
fairness and emotions such as envy, (see also p. 5, lines 9-18).

US7T 32-- G““

2 ■■■

i
1

0

[

Re. Box. The discussion of Schellmg's view is too abstract toTje useful to policy 
makers. Regarding the conclusion in the Box, it is not obvious that the analyses 
presented in the chapter- which, in effect, suggests consumption transfers across 
generations to help equate marginal utility - is appropriate in a world where richer 
nations make only modest transfers to poorer ones.

USA” ■■ "32“" TT

2 5 12 The sehT^ce on Thlirbw's paper ^ould probably be moved To later iiTthe para. USA " IT U

2 ........ ■5 20-26 If environmental outcomes are not discounted, but other outcomes (eg, financial ones) 
are, certain inconsistencies will result such as preference reversals (see Keeler and 
Cretin, 1983).

USA 32' ' U

This is certainly a consequence of "special treatment" that should be pointed out to 
policy makers.

3 "T5-------- 0 1 he following comments are applicablelo Chap. 4, sections 3.3.1 and 3.7, chap.“6^ 
sections 6.1.2 and 6.1.3, and p. 7 of the PMS.

(JAN 24 U

The use of discount rates assume that investment is made at time "t" and the yield 
would come sometime in the future. It applies to marketable goods and services. The 
choice of discount rates may be extremely difficult in addressing environmental goods 
and services. This is true, particularly, to non-marketable goods and services. 
Non-marketable goods and services may represent secondary, tertiary, etc., indirect or 
derived costs and benefits of economic activities. In fact, ecologists have argued that 
that the environmental value of non-marketable goods and services may represent the 
largest portion of environmental damages, more so of their cumulative effects. It is
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■37-44

0 ■'

7-10

38

Z0-Z4"

Comments
suggested in the report that ffieTSative^ices of environmental services is unlikely to 
rise and thus the effective discount rate can be lower than discount rates used for goods 
(marketable?). This is particularly troubling issue. Considering the fact that there are 
limited information on ecological effects of GHGs, and the need to account (value) for 
non-marketable goods and services, the assumption of declining/constant price or 
discount rates is questionable.

The discussion in the prior section is also prescriptive^

SFe c"orfimerrt"fe”linc 30. WouldlTol the ahsweFtoThTse”thlee questions be the same7 
because of the inconsistencies that result from using different discount rates for 
different outcomes?

The five'polhts put forvvard here are clearly stated arid well argueT.

Why Is this argurh'ent limited to benefits accruemg to the same generation? The whole" 
idea of utilitarianism is that utility can be traded off across people.

; Should a^ddlhe following sentence to this para,: ’’However, given appropriate'
; estimates of relative prices, there is no reason to explicitly modify the discount rate."

I The reviewer has'36ul3fs olTwhether theTdrmula is coirect. Seems to be too simple. It 
presumes that welfare is so well-defined that one could take the first derivative to 
consumption. This is doubtful at least, as it is doubtful that, could it be done, "v" would 
be a constant as is suggested. But if it could be done, why would one be happy with the 

] first order Taylor approximation? Global change is hardly a local problem.

"If the project displaces private investment that has a high marginal productivity... Ihe 
prescriptive view takes into account opportunity costs in calculating changes in 
consumption, but in valuing the changes in consumption, uses the SRTP."
It appears that what is being said is that, where mitigation projects displace other 
investments, future consumption must be reduced by the consumption that the 
displaced investment projects would have generated. It is net consumption that is to be 
discounted with the social rate of time preference. This appears to be a comprimise 
between using low social discount rates throughout the anaysis and using the 
opportunity cost of capital throughout the analysis. It is not clear however, what one 
does in practice. The suggested discounting method is both confusing and subject to 
manipulation. Specific examples are required to aid clarification.

Reviewer 
(Country #)

USA

USA“

USA

USA

USA

NED “W

IPIECA

32

32“'
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........... ^7 3^ 1 he social welfare function and related relationships used to derive this equation 
should be stated explicitly. It is the most important equation in the chapter but has not 
clearly been derived for readers. A reference to the annex and a full presentation there 
would be useful.

UbA 32 u

■3

1

~ 1..." -g-T4 Throughouf the chapterTt is unclear abouTlhe relationship between the SK I P and the 
market inters! rate. Is SRTP meant to express discounting above and beyond 
discounting because of investment opportunities? Investment opportunities (leading to 
a particular market interest rate) presumably exist because of economic growth, g. So 
why is g so much smaller than current interest rates? (see also p. 12, line 38 to page 13, 
lines.)

UISA 32 Cj

■3 "7" ........ 20-24“ "ff the project displaces private invesTmenT that has aTiTplnargin“al productivity... Ihe 
prescriptive view takes into account opportunity costs in calculating changes in 
consumption, but in valuing the changes in consumption, uses the SRTP."

TJSA “32“"“ u

i

. 1

1

i
1

1

!

1

1

' Believe what is being said here is that, where mitigation projects displace other 
‘ investment, future consumption must be reduced by the consumption that the displaced 

investment projects would havcw generated. It is net consumption that is to be 
discounted with the SRTP. This appears to be a comprimise betw een using low social 
discount rates throughout the anaysis and using thwe opportunity cost of capital 
throughout the analysis. However it is not clear what one does in practice, annd am 
concerned that the discounting method suggested will be both confusing and subject to 
manipulation. Any investment can be argued to displace some other investment that 
would generate (at least) the opportunity cost of capital. And that investment will yield 
returns, some of which will be re-invested. The suggested procedure may be better in 
concept than in practice. If this procedure is to be proposed, specific examples are 
required for clarification.

1
i
1

"3..................... 1..... -44 This is the only reference to Loewenstem and others on decision biases m 
intertemporal choice. In addition to the common difference effect cited here (lower 
discount rates for longer delays), descriptively, discount rates are lower for large 
magnitudes, for losses compared to gains, and for sequences out outcomes, compared 
to individual outcomes. Finaaly, temporal discount rates expressed in decision-making 
experiments are typically 50% annually or more, much higher than those discussed in 
this chapter. What implications to these findings have for potential climate change 
policies and the success of their implementation? One implication might be that 
because many people have personal discount rates much higher than those suggested in 
this chapter, they would be uncooperative with the resulting policies. Am not familiar

DSA“ “32" u
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with psy^ologlal worlc looking^ mlergerierational decisions however (but see 
Lipscomb, 1989).

3 8" 'o........ ‘ As stated elsewhere in This chapter, ^ould'nt risks, such as the small change ot human 
extinction, be incorporated into a certainty equivalent, which would then be 
discounted?

USA 32 (J

■3^ .......... 1 9 19 The finding that the optimization problem is not well defined should be further 
elaborated.

TJSA“ 32 (j

3^' 9 2'4-3'5“... It is not clear why these knife-edge results occur. “USAT 32T (3

10 ^ 9 ■ ■■
Do hot share the opinion that ifbe viewed as a "problehT" with utilitarianism, the 

normative status of utilitarianism is independent of descriptive behaviour(such as the 
unwillingness of people to make large sacrifices to benefit future generations.)

USA 32~~~ U ““

..
3 ■ - - 10

I

38-41........ This is biased; If one discounts outcomes from generation 1 to generation 2 much more" 
than for generation 101 to gemeration 102, one is not exhibiting constant discounting. 
Although someone in generation 1 may view a benefit delivered to generation 101 as 
equivalent to the same benefit to generation 102, someone in generation 101 would not 

[ have the same view. This illustrates the preference reversals that result from 
non-constant discounting.

USA 32““' 'U “

The comment about the emphathetic distance suggests the need to clarify how the 
discounting is grounded in a particular time period. Also, other social science research 

' shows that there are markedly different cultural views on concepts of time that affect 
behaviour.

' " ■
11 “22 .... Insert "absolute value ot" before "elasticity'. USA 12“ u

3 n"....^ ■ 2E-- “Afelhe Tow rates of productivity a US phenomenon or applicable to the world? USA 32 (J

3---------------- ir .... . 18^--------- bee this reviewers comment tor p. 11, line z'l. UiiA 32 u

"3---------------- TI 11-12 “ This statement does not seem right. A very high theta (say Mt) would imply that one 
requires an incredibly high rise in the next generation's per capita consumption before 
one would agree to a small decrease in one's own generations's consumption - not very 
equitable. Instead higher values of theta seem to imply more selfishness, lower values 
imply altruism, and some intermediate values imply equity.

USA 32 u



WGIII Peer Review March/24/1995 Page:

Reference
Comments

Reviewer
ResponseEjection Page Line (Country #) ID

3 “TT "FT "AVhat IS meant by 'The more weight.... equity." there are all kinds ot equity criteria,
each with different values of Q. One view of equity would be very protective of worse 
off generations; another might be less so.

USA 32 U

T '"■■■ ................ “ 42“~' ' 27 ■ While there are a number of equity reasons to intervene to help the very poor, the idea
that government should fine tune the income distribution is less clear. At some point
government intervention can cause inefficiencies and can run into other equity
problems such as those associated with confiscation.

USA 32 u

3""' ............. "12 40 ■" 3houTd'"even’' be "particularly"? xrsA " " ■ 32 (J

3 13 12-17 Where"d6These“ specific discount rates come from? USA'------ 32 u
3 ------- 31........... 0 ■Neednurther eTaboration. TJED ...... uy u
'4'............... 14 13........ Should'ht one state that based oh "certain" ethical grounds, it is tou^ to support the 

higher time preference rate?
T3SA 32 G

'“4 ............ T4" " 13 " ■" What is ULCUV USA 32 G

--------------  .

1

i

H5 30 . ...... ■Replace "most plausible discount rates" wifh "discount fifes below 10 per cent".

The presentation of the example does not follow the methods advocated by the chapter. 
The authors should carefully constuct an example that demonstrates the various 
discounting approaches discussed in the chapter, including all their steps.

USA 32 G

iy-1^ 0---------- 1 he meaning ot "institutionally inteasible" is not apparent as cited in reference to 
option d.
An explanation needs to be provided.fp. 15)
Re. p. 16, lines 43-44. The prescriptionists response for using low discount rates seems 
rather weak as presented here. Are there any other arguments that would make their 
position more credible?

TPIECA T3 A

4.......................... ■ ' 16 " 9" 1 he estimate of 0371% real refum to non-residential capital over the period 1975-90 
seems very high. The estimates should be properly attributed to their respective 
authors. ^

USA 32 G

4 16 33 Woiild'nt general economic growth address a large share of the damages from USA' ■ '32""" (3
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^4 ■

warming? Moreover, compensation ot future parties that lose from particular policy 
choices is difficult regardless of the discount rate chosen.

JJ-35 Replace the lasTtwo sentences with the following: "SSociety may not be willing to make 
other investments, for example in education and research, which could reasonably be 
expected to benefit those adversely affected by climate change, even hundreds of years 
in the future. Even if society were willing to make such investments, there is no 
guarantee that their rate of return would remain where it is today over this entire time 
period."

USA il U

.... 0 0 Tlie conclusion that it is riot appfopfaite to discount for risk of iincertairifies is correct. swtu 17 ■ G

5 17 1 The existence of multiple friaTket failures is a classic problem oTfhe secondbest. If is 
not obvious whether piecemeal fixes would make things better or worse.

USA 32 G

-5 ■ ■■

1

17 19 Footnote 3 is unclear. Risk aversion (decliriing marginal utility) is suppoTtedby dafa, 
for example.

Agree that it is not clear what the authors are sayng about data. Also, what about the 
data that shows risk loving over losses? Is GCC a problem of losses or gains? Footnote 
2 is also unclear. Does "G" refer to the public good> If so, it is not defined until 7 
pages after the endnote shows up.

USA -32-- G “

6 ■

1

"T8 .... 17 Tfthere is no intertemporal welfare maximization by the government, then how can one 
assert that market rates are necessarilty wrong? Could'nt the lack of interventin be 
viewed as an endorsement of market rates?

■

USA \J1 G

.......................... ....................... ■" T8 “Tl-JD Tt IS unclear from the text just what a shadow price is. USA 732“ G

(5^“....................... ■^8" ^ " ~29- 1 he work presented by Lyon at the IFCC ifieetings show that a shadow price of capital 
of 1.5 to 2 may be quite low, given the rates of time preference assumed by Cline and 

■ others. For example, with no reinvestment of capital income(except for coverage of 
depreciation), a rate of time preference of 2%, and a return to capital of 8%, the SPC 
will be 4.0. If 10% of net returns to capital are reinvested, the SPC rises to 6; and if 
20% of net returns are reinvested, the SPC rises to 16. Moreover, if the rate of time 
preference is 1.5% - as is argued several times in this chapter - then the SPC under the 
last set of assumptions would be infinite. (Note that the total weight on costs will be 
below these values, as only the portion of costs coming from investment gets weighted 
by the SPC).

USA 32 G
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6 ■ 19 I 1 he relationship of the Siscussion in this Para, to the shadow price of capital approach 
is unclear.

USA 32 U

8 ' ■ ■ 21' 'n 5- 6 rhe statement that most evidence from economic history suggests the possibilities tor 
economic substitution is high could be misleading. First of all, there are a number of 
cases from econmic history which point in the opposite direction, eg. the rapid 
protection of the ozone layer, the conflicts over water scarcity etc. secondly, it does 
create the impression that "no single resource is indispensible" but it is obvious that 
there might exist several essential functions of nature which life can not be without and 
which we can not compensate for. Thus the burden of proof lies on those those who 
claim that substitutability is possible in all cases since they put the rest of humanity in 
jeopardy.

SWbU 1 / U

^9. r 23

1

1 . ...

24 This derivation of the discount raTe' needs further el^oration. bquation 4A.1 should be 
maximized, and the relationship of the interest rate to this equation should be 
explained.

USA 32 U

9:r ■ ‘ 24 “4.............. .... Again, mtergeneraliohaT equity carTbe far more complex than determination 6TQ. TJSA 32 U

9. r 25 ■ ■■ ■ 20 Again, the discount rate would ndfbe neptive iFprices are appropriately adjusted."See 
this reviewers comments on p. 6, line 38 of this chapter.

TJSA T2" u

”25".......... ~2J.. Ihe relationship of the bandmo-Ureze approach to the SPC approach is unclear. USA 32 u
“9n 'zs------ 7-TT “The point being made here is not very clear. CAN 24 u
9. 2 '21--------- 1 /

........

“Should the statement refer to G=UorTl not equalloTT? USA 32 u




