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efining what we mean by intertemporal fairness. Fina v

. how this theoretical definition can be made operationally

- also how it relates to dynamic efficiency. To what degree is
: t;33,;;t:@mpatible with intergenerational fairness? ’

o-Period Model

e

nic efficiency balances present and future uses of a depletable resource by
g the present value of the net benefits derived from its use. This implies a
¢ allocation of the resource across time. We can investigate the properties
i« allocation and the influence of such key parameters as the discount rate wi
. aid of a simple numerical example. We begin with the simplest of models—
- ing the dynamic efficient alloca}:ion across two time periods. In subsequent
chapters, we Show how these conclusions generalize to longer time periods and to
- more complicated situations.
~ Assume that we have a fixed supply of a depletable resource to allocate between
awo periods. Assume f.ur.ther that the demand function is constant in the two
periods, the marginal willingness to pay is given by the formula P = 8 — 0.4¢, and
marginal cost is constant at $2 per unit (see Figure 5.1). Note that if the total supply
was 30 or greater, and we were concerned only with these two periods, an efficient
Jllocation would produce 15 units in each period, regardless of the discount rate.

The Allocation of an Abundant Depletable Resource: (a) Period 1
and (b) Period 2

Price Price ,v
~ (dollars (dollars :
| per unit) per unit) \

8 8

MC
. mMC 5 .
B0 15 20 0 5. . 10.:1505208
Quantity Quantity
TaN ek T (b) (units)



N helotiicie tion? A,
th@ eﬁitﬁﬁﬁcaﬁ‘on is the one that-

‘ﬁ—tv The present value of the net bgneﬁt fory,
t beneres.ent values in each f’f the two periods. To ,e
simply the sum of t‘ilhe Present value of a particular allocation: 15 Units
5 example,dm;n'ﬂdtfe s:cgnd. How would we compute the present Value
first period and 5 in the

 that allocation? the first period would be that portion of the geometri,

e : 1
? Thedp restligtd‘;l;fulincurve that is over the supply curve—5$45.00." The Preseng
area under

; under the demand curye
value in the second period is that portion t(;f$: Effzaunits produced mul‘ciplie(‘;h s;
is over the supply CurveOflflo(;ndtl};‘:1 (;Efglresent value of the net benefit receiveq in
géls;(;)lliIiztl?ol(]iS?s%;ZJ.S,2’ and the present value of the net benefits for the two
years is $67.73. . value of net benefits for ap
=EM Iiean:ied h(ilvg ézdﬁ:ﬁg atl}llscfézflenthtat maximizes present value? On}é
;Ii;cﬁfﬁl’th :;)‘:id Z;Saocomputer’ is to try.all possible combinations of g, and ¢,
s 0. The one yielding the maximum present value of net beneﬁts‘ can
then be selected. That is tedious and, for those who have the requisite
necessary.
ma%leencli;t;;zl?c?lﬂy efﬁcgnt allocation of this resource has to satisfy 'th.e cond}u’on
that the present value of the marginal net benefit from the last unit in Period 1
equals the present value of the marginal net benefit in Period 2 (see appendix at the
end of this chapter). Even without mathematics, this principle is easy to
understand, as can be demonstrated with the use of a simple graphical
representation of the two-period allocation problem.,
Figure 5.2 depicts the present value of the marginal net benefit for each of the
two periods. The net benefit curve for Period 1 is to be read from left to right.
The net benefit curve intersects the vertical axis at $6; demand would be zero at $8
and the marginal cost is $2, so the difference (marginal net benefit) is $6. The

marginal net benefit for the first period goes to zero at 15 unjts because, at that
quantity, the willin ctly equals its cost.

8ness to pay for that unit exq
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allocated between the two periods. Any point on that axis picks a unique
allocation between the two periods.’

Second, the present value of the marginal benefit curve for Period 2 intersects
the vertical axis at a different point than does the comparable curve in Period 1.
(Why?) This intersection is lower because the marginal benefits in the second
period need to be discounted (multiplied by 1/ (1 + 7)) to convert them i.nto present
value form since they occur one year Jater. Thus, with the 10 percent discount rate

we are using, the marginal net benefit is $6 and the present value is $6/1.10 = $5.45.
Note that larger discount rates would rotate the Period 2 marginal benefit curve
around the point of zero net benefit (4, = 5 4, = 15) toward the right-hand g

We shall use this fact in a moment. . ’
The efficient allocation is NOW readily identifiable as the point where the two

curves representing present value of marginal net b'eneﬁtS cross.ﬁ The to?l pf)'es;e:;
value of net benefits is then the area under the marginal net benel g cull;vti Orfl rer' al
1 up to the efficient allocation, plus the area under th"j pEcSCIE IEE ci)e ] le o?:ﬁ%ilgn'
net benefit curve for Period 2 from the right-hand aﬁ? igof eeasC is maximized ‘
Because we have an efficient allocation, the sum of these two ar st 4

P
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Jess to Period 1) and showing that th » guatjeir oy

o total area decreases- o
2 and showing that, in this case a5 We
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the second period is $2.095.° Thus, while the present value of marginal user cost
is equal in both periods, the actual marginal user cost rises over time.

Both the size of the marginal user cost and the allocation of the resource
between the two periods is affected by the discount rate. In Figure 5.2, because of
discounting, the efficient allocation allocates somewhat more to Period 1 than to
Period 2. A discount rate larger than 0.10 would be incorporated in this diagram by
rotating the Period 2 curve an appropriate amount towarq the right-hand axig,
holding fixed the point at which it intersects the horizontal axis. (Can you see W‘hya)
The larger the discount rate, the greater the amount of rotation require ;
The amount allocated to the second period would be necessarily smaller wit

i hich holds for all models we
larger di ¢ rates. The general conclusion, W i
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