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Future is Uncertain



Thinking about the future

Will there be:

. another Hurricane Sandy?

. heatwave in Australia?

What does it mean if there is one?

To decide what to do, form an expectation:

E(V) = Pr(Sandy)× (−$5bn) + Pr(NoSandy)× ($0bn)
E(V) = Pr(Outcome1)(Payo�1) + Pr(Outcome2)(Payo�2)

Use E(V) to decide what to do
But do we know the parameters in the equation?



Thinking about uncertainty

Types of uncertainty:

1. Risk: know probabilities and payo�s of each
outcome; don’t know which outcome will actually
happen

2. Knightian uncertainty: don’t even know the
probabilities of each outcome

3. Unforeseeable: don’t even know what the outcomes
might be



Features of uncertainty

. Exogenous: no control over probabilities, pay-o�s

. Endogenous: can take actions to change
probabilities or payo�s, or both



Exchange rate: present to future



Future is worth less than the present

We discount the future relative to the present

The future has a lower weight

Two reasons why we discount the future:
1. Impatience: enjoy now if we have money now
2. Interest: earn interest if we invest money now

In�ation is irrelevant: these reasons hold even if i=0



The future in Present Values

Express any future amount in Present Value PV

PV is what a future amount is worth if we get it now

If we have $100 now that we invest to earn interest at
rate R, in one year we will have (1+R)$100

PV of FV=(1+R)$100 received in one year is $100

PV=FV/(1+R)N



Example

PV=FV/(1+R)N

Promise of FV=$500 in 5 years if current interest rate
R=10%

PV = $500/(1+ 0.1)5

= $310



Example

Cost:
$325,000 this year for �ood barriers to prevent damage
from sea level rise; plus $20,000 for next 5 years to
maintain barriers
Bene�t:
no �ood damage yields income of $100,000 for next 5
years after installation; plus extra $20,000 in 5th year
After that, we decide on a new policy

1. What is the PV of costs?
2. What is the PV of bene�ts?
3. Should we implement this policy?



Example solution



Present value formula is very useful

Once we have all the income streams over time,
apply the PV formula,

then treat them as equivalent

Like an exchange rate:

$1 = RMB7 = £100

$1.10nextyear = $1now



Present valuation is critical

What is $100bn in 2129 worth today?

if R=0.07?
if R=0.03?



Actual Values for the Discount
Rate



What should the value of R be?

Spending on climate change interventions is like an
investment

So, easy answer is that R should be "whatever interest
rate we borrow at"

But easy answer is wrong: for social investments, private
capital markets do not provide correct interest rate



Private capital market interest rates

Interest rates depend on demand and supply

. Marginal Rate of Time Preference (MRTP)
Prefer to consume money now
MRTP is the proportion of additional consumption
required to be willing to postpone (a small amount
of) consumption for one year

. Marginal Rate of Return on Investment (MRRI):
Investors lose interest if they postpone receiving a
given amount of money

MRTP and MRRI equalize to yield market interest rates
Wrong to use these for R



Private capital market failure

Capital markets do not work e�ciently to provide social
values:

1. Markets re�ect preferences of living and not of
future generations

2. Economies grow over long run
3. There is considerable uncertainty
/ Consumers are not rational inter-temporal choosers
/ Capital markets are not perfectly competitive
/ Capital markets are not complete or actuarially fair



Social Discount Rate



Social values of the future

For 3 plus / reasons given above, reject capital market
interest rates as values for R

Derive a social discount rate SDR

Refer to this SDR as ρ (rho)



How uncertainty �ts in 1/2

Imagine a loss β = $100 in 2069

Uncertain about the social discount rate to use

Think rate is between 3% and 7%?

So, choose average ρ =5%

With ρ=0.05 =⇒ βPV = $8

Choosing the average social discount rate is wrong



How uncertainty �ts in 2/2

Imagine a loss β = $100 in 2069

With ρ=0.05 =⇒ βPV = $8
With ρ=0.03 =⇒ βPV = $23
With ρ=0.07 =⇒ βPV = $3

Expected loss E(βPV)=(0.5)(23)+(0.5)(3)=$13
If βPV=$13 =⇒ ρ=0.04

Wrong to use average of ρ; use average of present values

Uncertainty reduces the optimal value of ρ



Requirements for social discount rate

1. Re�ect preferences of living and future generations
2. Recognize that economies grow over long run:
future generations are going to be richer than
present generations



Formula for social discount rate



Actual values for social discount rate

δ = 0.9
gt = 1
η = 2
ρ = 0.9+ (2× 1)
ρ = 2.9%
ρ = 0.029

Social discount rate should be low (uncertainty, children)

Simplify: ρ = 2% or ρ = 3%



SDR does not have to be constant

Hyperbolic Discounting Formula

Years into future Discount rate
ρ

1-5 0.04
6-25 0.03
26-75 0.02
76-300 0.01
300 0.00



Example

Years into future Discount rate
1-5 0.04
6-25 0.03
26-75 0.02
76-300 0.01
300 0.00

Which is bigger?

A $10 in year 50 + $40 in year 200
B $2 in year 2 + $80 in year 320



Answer for A

10
(1+ 0.02)25

×
1

(1+ 0.03)20
×

1
(1+ 0.04)5

= 2.9

10→ 8.6→ 3.5

40
(1+ 0.01)125

×
1

(1+ 0.02)50
×

1
(1+ 0.03)20

×
1

(1+ 0.04)5
= 2.0

40→ 11.7→ 4.3→ 2.5
A = 4.9



Answer for B

2
(1+ 0.04)2

= 1.8

80
(1+ 0.00)20

×

1
(1+ 0.01)225

×
1

(1+ 0.02)50
×

1
(1+ 0.03)20

×
1

(1+ 0.04)5
= 1.6

80→ 80→ 8.6→ 3.2→ 1.8
B = 3.4



Any Questions?
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