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Public Investments with Long-term Consequences

Abate, reduce emission, recycle
Conserve exhaustible/renewable resources
Infrastructure (windmills, roads, bridges)

Technology

Academic research, knowledge
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The Standard Approach

@ Rae, Jevons, Senior, Bohm-Bawerk: Multiple psychological factors
e Ramsey (1928):

max vy = Z diu;.
t=0
e Samuelson (1937):

1 t
dy =68 = <1+p> ~ e Pt

e Koopman (1960): axiomatic foundation
@ "the simplicity and elegance of this formulation was irresistible" and
the criterion became "dominant... largely due to its simplicity... not

as a result of empirical research demonstrating its validity" (Frederick
et al, '02: 355-6;352-3)
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@ Continuity

@ Sensitivity

© Non-Complementarity
@ Stationarity

© Boundedness

e Koopmans (1960): With 1-5, vy = Y52, 8" u.

Bard Harstad (University of Oslo) Discounting 2019 5/20



The Value of a future dollar (in cents today)

interest rate \ years: 50 100 200

r=1% 60 37 13
r = 4% 13 18 003
r=8% 1,8 0,03 0,00001

Stern-review vs Nordhaus: debate on interest rate.
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Ramsey's social discount rate for consumption

@ A dollar at time t has the same value as a (t) = e~ " dollars today

(time 0) if:
a(t)u' () = e P (c) =
a(t) u" (¢;) dc/ot
20 - Pt o
ro= ptnp,
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Ramsey's social discount rate for consumption

@ A dollar at time t has the same value as a (t) = e~ " dollars today

(time 0) if:
a(t)u (o) = e ()=
a(t) u" (¢;) dc/ot
a0 - Ptuet o T
ro= ptnp,

@ In estimates, often 77, =2 and p, = 0,03.
e Ifp=0,01, r=0,07 = 7%.

@ This used to be the recommendation in Norwegian public cost-benefit
analysis.

o Note that with CRRA (constant relative risk aversion);
u(c)=ct1/(1—1y), then v (ct) et/ U (ct) = —7.
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The discount rate under uncertainty

e With growth rate y,, ¢ = cpexp (25:1 P‘r)-
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The discount rate under uncertainty

e With growth rate y,, ¢ = cpexp (25:1 P‘r)'
o With CRRA, u/ (¢) /v’ (o) = exp (—y Lt 1 1), s0

a(t) =exp (—pt—n éﬂ) :

o Suppose y; = Y.f_; pu_ is uncertain and distributed as f (y;).

@ The expected future value of a dollar is today worth:

a(t) =Eexp (—pt— n :%) = /e*ptfﬂ)’f (y)dy.
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The discount rate under uncertainty - continued

o If 4~ N (v,0?), iid, then

a(t) = e*Pf/e*Wf(y) dy = efptfqvt+%172a2t -
a'(t) 12>
= — = UV——-n-0o".
r (o) — P
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The discount rate under uncertainty - continued

o Ifu . ~N (U,Uz), iid, then
a(t) = et / e f(y)dy = i CLas VAL
/
(1) 155
r = - =0+4+n$v—=-no.
a(t) P X
@ So, large uncertainty reduces the discount rate.
@ If shocks y are correlated over time, then uncertainty grows.
@ Then, r; becomes time-dependent and decreasing over time.

May well be negative.
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Uncertainty/Disagreement about the discount rate

@ Suppose r = r; with probability p; (or, for that fraction of people)
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A(t) = Y pe =
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@ Suppose r = r; with probability p; (or, for that fraction of people)
@ The certainty-equivalent discount factor at time t is

A(t) = Y pe =

R(t) = —//44,((:)) =Y_w; (t) r;, where
pie "t pi

i (1) Y. pie it Y. pe(imn)t

o Consider the smallest r;, call it r; and note that for j # 1:

lim e (1=5t = |im i~ = o =
t—o00 t—o00
tIer;omg (t) = 0, tIergo wy (t) = 1.

@ Thus, for the far-distant future, apply lim; e R (t) = r1 = min; r;.
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Revisiting The Standard Approach

@ Samuelson careful: "It is completely arbitrary to assume that the
individual behaves so as to maximize an integral of [this] form". And:
"any connection between utility as discussed here and any welfare
concept is disavowed" (Samuelson '37: 159;161)

oo

[ee) o0
v = e Ply.dt ~ Z e Py, = Z5tut.
t=0 t=0 t=0

Bard Harstad (University of Oslo) Discounting 2019 11 /20



Revisiting The Standard Approach

@ Samuelson careful: "It is completely arbitrary to assume that the
individual behaves so as to maximize an integral of [this] form". And:
"any connection between utility as discussed here and any welfare
concept is disavowed" (Samuelson '37: 159;161)

0 0 [eS)
v = e Ply.dt ~ Z e Py, = Z5tut.
t=0 t=0 t=0
@ Ramsey (1928): "how much of its income should a nation save? ...it
is assumed that we do not discount later enjoyments in comparison
with earlier ones, a practice which is ethically indefensible and arises
merely from the weakness of the imagination."

Bard Harstad (University of Oslo) Discounting 2019 11 /20



Revisiting The Standard Approach

@ Samuelson careful: "It is completely arbitrary to assume that the
individual behaves so as to maximize an integral of [this] form". And:
"any connection between utility as discussed here and any welfare
concept is disavowed" (Samuelson '37: 159;161)

0 0 [eS)
= e Ply.dt ~ Z e Py, = Z5tut.
t=0 t=0 t=0

@ Ramsey (1928): "how much of its income should a nation save? ...it
is assumed that we do not discount later enjoyments in comparison
with earlier ones, a practice which is ethically indefensible and arises
merely from the weakness of the imagination."

e But individuals do discount

Bard Harstad (University of Oslo) Discounting 2019 11 /20



Revisiting The Standard Approach

@ Samuelson careful: "It is completely arbitrary to assume that the
individual behaves so as to maximize an integral of [this] form". And:
"any connection between utility as discussed here and any welfare
concept is disavowed" (Samuelson '37: 159;161)

0 0 [eS)
= e Ply.dt ~ Z e Py, = Z5tut.
t=0 t=0 t=0

@ Ramsey (1928): "how much of its income should a nation save? ...it
is assumed that we do not discount later enjoyments in comparison
with earlier ones, a practice which is ethically indefensible and arises
merely from the weakness of the imagination."

e But individuals do discount

e Politicians are individuals - they do discount

Bard Harstad (University of Oslo) Discounting 2019 11 /20



Revisiting The Standard Approach

@ Samuelson careful: "It is completely arbitrary to assume that the
individual behaves so as to maximize an integral of [this] form". And:
"any connection between utility as discussed here and any welfare
concept is disavowed" (Samuelson '37: 159;161)

0 0 [eS)
Vo = e Pty dt ~ Z e Py, = Zétut.
t=0 t=0 t=0
@ Ramsey (1928): "how much of its income should a nation save? ...it
is assumed that we do not discount later enjoyments in comparison
with earlier ones, a practice which is ethically indefensible and arises
merely from the weakness of the imagination."
o But individuals do discount
e Politicians are individuals - they do discount
e Politicians are accountable/elected by individuals: they must and will
discount

Bard Harstad (University of Oslo) Discounting 2019 11 /20



Revisiting The Standard Approach

@ Samuelson careful: "It is completely arbitrary to assume that the
individual behaves so as to maximize an integral of [this] form". And:
"any connection between utility as discussed here and any welfare
concept is disavowed" (Samuelson '37: 159;161)

0 0 [eS)
Vo = e Pty dt ~ Z e Py, = Zétut.
t=0 t=0 =0
@ Ramsey (1928): "how much of its income should a nation save? ...it
is assumed that we do not discount later enjoyments in comparison
with earlier ones, a practice which is ethically indefensible and arises
merely from the weakness of the imagination."
o But individuals do discount
e Politicians are individuals - they do discount
e Politicians are accountable/elected by individuals: they must and will
discount
e But how?
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Critique of Exponential Discounting

e Empirically: Eisenhauer and Ventura (2006), Frederick et al (2002),
Angeletos et al (2001), Fang and Silverman (2004), Shui and Ausubel
(2004), Attanasio and Weber (1995), Attanasio et al (1999),
DellaVigna (2009)
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e Empirically: Eisenhauer and Ventura (2006), Frederick et al (2002),
Angeletos et al (2001), Fang and Silverman (2004), Shui and Ausubel
(2004), Attanasio and Weber (1995), Attanasio et al (1999),
DellaVigna (2009)

o Paserman (2004): short-run discount rate that range from 11% to 91%
and a long-run discount rate of only 0.1%.

o Laibson et al (2007): "short-term discount rate is 15% and the
long-term discount rate is 3.8%."

e O'Donoghue and Rabin (1999): "hyperbolic individuals will show
exactly the low IRA participation we observe."

e Experimentally: Viscusi and Huber (2006), Kirby and Marakovic
(1995), Benhabib, Bisin and Schollter (2010), Ainslie (1992), Kirby
and Herrnstein (1995), Thaler (1981)).

o Intergenerationally: "Thoughtful parents" lead to discounting
(Arrow/Barro). But if care about grandchildren’s welfare,
nonstationarity...

o Intuitively: The difference between t and t + 1 vanishes as.t grows
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Realistic Time Preferences
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Realistic Time Preferences

o When time is relative, hyberbolic discounting;:

o

Sr=1—
t 1+ at’

a > 0.

@ "the collective evidence outlined above seems overwhelmingly to
support hyperbolic discounting" (Frederick et al, '02:361)

e Intuitively, J; increases (strictly) in t

@ Quasi-hyperbolic discounting:
01 =B0 <6=206; Vt> 1.

@ Phelps and Pollak (1968): "Imperfect altruism" between generations.
David Laibson adopts this function to within-lifetime choices.

o Alternative names: (B, §)-discounting, quasi-geometric discounting,
quasi-exponential discounting, hyperbolic discounting,present bias.
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Quasi-hyperbolic discounting and the environment

e With quasi-hyperbolic discounting (requiring discrete time):

(o)
we = ur + Z ST tu,.
T=t+1
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Quasi-hyperbolic discounting and the environment
e With quasi-hyperbolic discounting (requiring discrete time):

Wt = Ut —|— IB Z (SritUT.

T=t+1
@ Suppose that:
u = B (gt) — cG,
G+ = qGi_1+ gt

o At time t, it is optimal to emit according to:
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Quasi-hyperbolic discounting and the environment
e With quasi-hyperbolic discounting (requiring discrete time):

Wt = Ut —|— IB Z (SritUT.

T=t+1
@ Suppose that:
ug = B (gt) — cGt,
G+ = qGi_1+ gt
o At time t, it is optimal to emit according to:
dq
B/ eqy — Cﬁ
(&) —c 1—4q

@ With commitment at time t, the best plan is to emit as follows at
future time T > t:
coq cBéq

Bé(grco)_c = 1-94q 1—9q

g < g
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Quasi-hyperbolic discounting and time inconsistency

@ It is always best to start polluting little (g£°) tomorrow.
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Quasi-hyperbolic discounting and time inconsistency

(]

It is always best to start polluting little (g£°) tomorrow.

Time preferences are neither stationary nor time consistent.

The current decision maker would like to influence the future decision
maker to emit less.

@ How is this possible?

e Signing an international treaty that will be effective only from 2020.

e By polluting even more today, if this would increase the marginal cost
of emitting more later.

e By investing in "green technology" which reduces the next generation's
benefit of having to pollute.

e By reducing investments in "brown technology" which would have
increased the marginal benefit of emitting in the future.
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