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Abstract

The most important drawback of taxing capital gains only upon realization
rather than on accrual is its "lock—in" effect. This paper uses a simple land
development model to examine the distortion that the lock—in effect generates. A
surprising result in this model is that the lock—in effect does not arise if the
purchase price (i.e, the price at which the current owner bought the land ) is
sufficiently high. Rather than delaying the sale, the owner sells the land as soon as
possible even if development occurs much later. No "real" distortion occurs in this
case because the buyer’s choice of development timing is not distorted by the capital
gains tax. If the purchase price is low, however, the owner sells the land just before
development and the development time is in general distorted. A sufficient
condition for the non—existence of the lock—in effect is that the purchase price was

formed with perfect foresight.



1. Introduction

The most important drawback of taxing capital gains only upon realization
rather than on accrual is its "ock—in" effect: because taxes are deferred until the
asset is sold, investors tend to be locked into previously purchased assets. How big
a distortion that the lock—in effect creates cannot be evaluated, however, unless we
have a model that links asset holding to real resource allocation. This paper uses a
simple land development model to examine the distortion that the lock—in effect
generates.

Consider a plot of land which is currently under—utilized, for example, a
farm located at a commuting distance from the city center. Converting it into
residential use yields much higher rents, but the development costs (i.e., costs of
preparing the land for residential use and building a house) are substantial. The
lock—in effect will distort the "real" resource allocation if it delays development.

The lock—in effect does not cause any distortion if development does not
require the sale of land. If for example there is no efficiency loss from renting the
land, the owner can rent the land to a family which builds its house on the rented
land. The rental arrangement is often inefficient, however, because the house
cannot be separated from the land. As well known in the human capital literature
pioneered by Becker (1962), the specificity of capital produces serious market failure
when a complete contingent contract is not feasible. It is often the case, therefore,
that the owner must sell the land for development to occur. We focus on this
situation because the lock—in effect immediately yields a distortion in real resource
allocation by causing a delay in land development.

A surprising result in this model is that the lock—in effect does not arise if
the purchase price of the land (i.e, the price at which the current owner bought the
land ) is sufficiently high. In fact, the opposite extreme is obtained. Rather than

delaying the sale, the owner sells the land as soon as possible even if development



occurs much later. No "real" distortion occurs in this case because the buyer’s
choice of development timing is not distorted by the capital gains tax. If the
purchase price is low, however, the owner sells the land just before development and
the development time is in general distorted. A sufficient condition for the
non—existence of the lock—in effect is that the purchase price was formed with
perfect foresight, i.e., future returns were correctly anticipated at the time of
purchase. The lock—in effect arises therefore only when there exist unexpected
capital gains.

These results differ markedly from those obtained in models of security
trading, e.g., Constantinides (1983).t The essence of the argument there can be
summarized as follows.

Consider an asset which the current owner purchased at price Py Its price is
Py (> pO) at time ¢, and if the owner sells it then, a capital gains tax of T(pl—po) is
levied. Alternatively, the owner can postpone the sale until her death at time o
when the price is p, and a capital gains tax of T(pz—po) is levied. In the latter case
the after—tax value of the asset at the time of death is

Wy = py — (Py—Dy)-

In the former case, it is assumed that the owner buys the same asset again at time
t;- The after—tax value of the asset is then p2——T(p2—p1) at the time of death. We
must subtract from this the value of the tax paid at time 1. If the discount rate is
the value of the tax at time 2 is T(pl—po)e"i( t2_t1), and the net worth of the owner
18

Wo=py—1(py—pp) — T(Pl—po)e“i(tftl)
at that time. Comparing this with W above yields

Wy~ W= r(p-pyle 27 1] > 0.

t Auerbach (1991) which presents a method of capital gains taxation that eliminates
the lock—in effect also contains a similar explanation of the lock—in effect.



This inequality implies the lock—in effect: the owner is willing to hold the asset even
when there exists another asset that yields a higher rate of return so long as the
difference in returns is smaller than WH- WS above.

The results in this paper are are based on a different comparison. The point
of departure is the observation that the use of discount rate < means that the owner
has an access to an asset whose net rate of return is ¢ (for example, a bond with
maturity to—t; with after—tax interest rate 7). She can invest in this asset at time
b and the net worth at time o is then

Wg= [pl—f(pl—po)]e%—t ).
Comparing this with WH yields
w

H
Hence, if the rate of appreciation of the asset price equals the interest rate, then WB

— BT (1=7 )[plei(t2_t1)*p2] - 'rpo[ei(tz_tl)—l].

> WH when the purchase price Py is positive. This is the case when the asset yields
no income gains. Even in a period when no dividends are paid, the stock price is
positive if investors expect future dividends. During such a period the price must
rise at the rate of interest in order to attract buyers. The capital gains tax then
induces the owner to sell the stock because the after—tax rate of return is lower than
the interest rate when Py is positive. If the asset yields positive income gains, the
rate of price appreciation is lower than the interest rate. Even in such cases
however we have Wp > Wy, for a sufficiently high pj.

The organization of this paper is as follows. A model of land development is
formulated in Section 2. Section 3 solves for the optimal timing of sale given an
arbitrary development time. The optimal solution is either at the initial time or
just before development. Section 4 derives conditions for optimal development
timing. Combining them with results in Section 3 shows that the owner chooses to
sell the land at the initial time when the purchase price is sufficiently high. A

corollary of this result is that the lock—in effect arises only when unezpected capital



gains exist. Section 5 characterizes the optimal solution for the two cases where the
tax rates are close to zero and one. Section 6 obtains complete characterizations of
the optimal solutions in two special cases: (1) the pre—development rent is constant
and the post—development is exponential and (2) both the pre— and
post—development rents are exponential and have the same rate of increase. Section

7 contains concluding discussions.

2. The Model

Consider a plot of land which is currently undeveloped (or under—utilized).
If it remains undeveloped, the land rent is o(¢) at time t. The costs of developing
the land and constructing a building are C and do not vary over time. The building
is infinitely durable and cannot be reconstructed. After development the property
yields (gross) rents R(t) at time ¢. The net land rent is the gross rents minus the
user cost of capital. Under our assumption of perfect durability of capital, the user
cost is iC when the (after—tax) interest rate is & The net rent is then r(t) =
R(t)—iC.

We assume perfect foresight of rent profiles. Furthermore, rent profiles
satisfy the following conditions. First, both pre— and post—development rents are
nondecreasing over time: R’'(¢) > 0, and v(¢) > 0 for any . Second, the rent of
developed land rises faster than that of undeveloped land: R'(t) > v'(t) for any ¢
Third, the net land rent of developed land is lower than that of undeveloped land at
the initial time but eventually becomes higher: 7{0) < v(0) but 7{w) > %(w).

Capital gains taxation is irrelevant unless selling the land at some point in
time dominates owning it forever. We therefore assume that the current owner of
the land lacks the ability to manage development of the land and that renting the
land is inefficient. The former assumption reflects agency problems. The latter

assumption can be justified by specificity of capital. Because a building cannot be



removed from the plot of land on which it is built, separating building ownership
from land ownership results in inefficient investment similar to that observed in the
specific human capital model of Becker (1962).2 Under these assumptions, the
landowner must sell the land to benefit from land development.

The buyer of the land does not have to develop it immediately. We assume
that the buyer can also earn the pre—development rent v(¢) until development.

In our model, the only choice is when to sell and develop the land. If the
landowner sells the land at time S and if the buyer develops it at time 7, then land
price before tax is
(2.1) 05,1 = X T=S) pooy N 4 1 TSy
at time S. If the capital gains tax rate is 7 and if the landowner acquired the land
at price p;, then land price after tax is p(S, T;r,po) = ¢(S,T) — 7{q(S, T)—po]. The
land value at time 0 is the discounted value of the land price plus the discounted
sum of pre—development rents that the owner earns until he sells the land:

(2.2) P(S, Ty7,pg) = [(1=)a(S, T)+ rpglexp(~iS) + [gu(t)e "t
We omit 7 and Py from the initial land value function P(S, T:T,po) when this does
not cause confusion.

When the landowner sells the land, he will choose the buyer whose offer price
is the highest. This means that given the selling time S the development time T is
chosen to maximize ¢(S,T). The landowner then chooses S to maximize the initial
land value P(S,T). It is however easier to solve the problem in the opposite order.
We first solve for the optimal selling time S given an arbitrary development time T.
It will be shown that the optimal selling time is either the initial time 0 or just
before the development time T, depending on the initial purchase price Py We then

solve for the optimal development time for each of these cases, and comparing them

2 See Kanemoto (1990) for the analysis of rental contracts of land in an imperfect
information model.



yields the optimal solution.

3. Timing of Sale

We first solve for the optimal selling time given an arbitrary development
time T. The rent profile is determined uniquely by the development time, and a
change in selling time changes the tax payment only.

Let us examine the effects of postponing the sale on the effective tax burden.
By deferring the tax payment, the owner would receive an implicit interest subsidy
if the amount of the tax were constant. Because of land price appreciation however
the tax payment increases, and we have to compare the two effects to obtain the net
effects. The former interest subsidy is the interest rate times the capital gains tax,
ir[q( S, T)—po]‘ Land price appreciation increases the tax payment by TqS(S, 7). In
equilibrium the rate of return on land equals the interest rate, (q5+v)/q = 1, and the
increase in tax payment equals {ig(S,7)—»(S)]. Comparing the two effects shows
that postponing the sale is profitable if and only if 4(.S) > z’po, i.e., the rent is higher
than the interest rate times the initial purchase price.

If for example the purchase price Py is zero, then the owner always chooses to
postpone the sale when the rent is positive. In this case the optimal selling time is
(just before) the development time. The reason for this result is that with positive
rents the rate of land price appreciation is lower than the interest rate. If Py is
positive and the pre—development rent u(¢) is zero, then the owner chooses to sell
the land immediately. In this case land price rises at the same rate as the interest
rate and the rate of increase of capital gains income is higher than the interest rate.

Because of our assumption that the pre—development rent is non—decreasing
over time, it is never optimal to sell at an intermediate time between 0 and 7. This
can be seen by checking the second order condition for an interior optimum. The

first order condition for an interior maximum is



(3.1) OE = r[u(S)inge

and the selling time that satisfies this condition is unique. At this point however

~iS_ .

the second order condition is not satisfied:
2
(3.2) I8 ro(9)e > 0.
0S

Hence, the optimal selling time is one of the corners: either $ = 0 or T. The

optimal selling time follows immediately from comparing these two corner solutions.

LemmA 1. Define

(3.3) o(T) = 11 Loty ag (1),
Then,
(3.4) P(0,T) 2 P(T,T) as 7 2 §(7),

where ¢( T) satisfies 0(0)/i < ¢(T) < o T)/iand ¢’(T) 2 0.
ProOF:
The two corner solutions satisfy

P(0,7) = (1= Ty % (e Dar 4 1 Ty ™agy + o
and

P(1,1) = {(1=n) 15 ) Dag - rpgye ™+ 00 it
The difference between them is

P(T,T) — P(0,T) = r{f 1) Fat-po(1~¢ )}

The lemma then follows immediately.

Q.E.D.

An implication of this lemma is that, if p, < %(0)/4, then S = 0 is optimal.
That is, if the initial purchase price Py is lower than the capitalized value of the
land rent at time 0 (i.e., the value of land that would prevail if the land rent did not
rise from the initial rent %0)), then selling at the initial time 0 is optimal. Another

implication is that, if p, > o(T)/i, then S = T is optimal: if the initial purchase



price is higher than the capitalized value of rent just before development, then it is

optimal to postpone the sale of land until the development time.

4. Timing of Development

We have seen that the owner sells either at the initial time or at the
development time. This section examines the optimal development time for each of
these two cases. Unfortunately, the latter case is too complicated to yield a
complete characterization of the solution. General results are obtained however for
a special case where the purchase price Py is sufficiently high. An interesting
implication of the results is that, when the purchase price was determined under
prefect foresight, the lock—in effect never arises. Another implication is that if the
lock—in effect does not exist for vacant land where pre—development rent is zero.
This section also contains preliminary results that will be used in the following

sections.

4.1. Sale at the Initial Time
If the owner sells the land at time 0, the buyer chooses the development time

T to maximize q(0,T). This maximization yields the following lemma.

LEMMA 2. If the owner sells the land at time 0, then the optimal development time is
T* which satisfies

(4.1) R(T) —iC = v(T ).

A necessary condition for (S,T) = (O,T*) to be optimum is

(42) pg 2 9(T).

Development occurs when the post—development rent exceeds the

pre—development rent by the interest rate times the development cost. This



condition is well known in the literature on durable housing (surveyed in Fujita
(1986)).3 Because the buyer does not pay the capital gains tax, the development

time in this case is first best optimum.

4.2. Sale at the Development Time

When the owner sells the land just before development, the value of land at
the initial time is
(43) P(T,Tirpg) = {(1-7)f8 (e Pat 4 mpg)e ™ 4+ [hv(t)e .
In this case the development time T cannot be earlier than the first best
development time T* obtained in Lemma 2. Otherwise S = T < T*, but the buyer
then chooses to develop at T*, which contradicts the claim that development occurs
at T (< T*). The optimal development (=sale) time in this case is therefore
(4.4) T (r,py) = argmax (ry{P(TTirpg): T2 T').

Define T(r,po) as the development time that satisfies the first order
condition for an interior maximum:
(4.5) (1-n)r(T(r,py)) + 7ipy = v(T(,py).
The interior solution may not lie in [T*,w) or may not satisfy the second order
condition. Furthermore, it may not be unique. It is therefore difficult to obtain a
complete characterization of the optimum solution. We at least know however that
the optimum development time in this case is either one of the interior solutions,

~

*
T(T,po), or one of the two corner solutions, T and w.

LEMMA 3. The optimum development time for the case where the owner sells the

land just before development is
* %k

. *
(4.6) T (rpg) =T(rpg)or T or .

3 Extensions of this condition appear in the literature on distortionary effects of land
value taxation, e.g., Bentick (1979), Skouras (1978), and Wildasin (1982).
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4.3. The Optimum Timing for Sale and Development
Although Lemma 3 does not provide a complete characterization of
*%
T (T,po), combining it with Lemmas 1 and 2 yields the following results on the

optimal timing for sale and development.

Xk *
ProposrTioN 1. If pj > o(T (r,po)), then the optimum is (S,T) = (0,T ). If Py ¢
* %
¢(T ), then the optimumis S=T =T (T,po).
PRrOOF:
**  * ** *
FromT > T ,wehave$(T )>¢(T ). From Lemmas 1 and 2, we have
* % * kK %
P(0,T )2 P(0,T )2P(T T ) ifpy2¢(T )
* L I ¥k k¥ *
p(0,1") < P(1°,1") ¢ (T ) ifpy < §(T),
which yields the proposition.
Q.E.D.

This proposition shows that if the initial purchase price is higher than or
equal to ¢(T**), then the lock—in effect does not arise. Instead, the owner sells the
land at the initial time. The development timing in this case is first best.¢ If the
initial purchase price is lower than or equal to ¢(T*), then the owner delays the sale
until the development time. The development time is not in general first best, and
the distortion is always in the direction of delaying development.

The following proposition shows that, if the initial purchase price is
determined under perfect foresight, then it is always higher than ¢(T**). The

lock—in effect occurs therefore only when unexpected capital gains exist.

4This result differs from those in Kanemoto (1985) which showed that capital
gains taxation slows down land development. The difference is caused by our
implicit assumption on development technology. This paper assumes indivisibility
in development so that the only choice variable is the timing of development. In
Kanemoto (1985) I assumed that the unit cost of housing capital does not depend on
the size of development. Under this assumption, development occurs continuously
and the choice variable is how much land to develop at each instant of time.

11



CoROLLARY 1. If the initial purchase price is determined under perfect foresight,

*
then the optimum is always (S,T) = (0,T ).

PRrOOF:
If the initial purchase price Py is determined under perfect foresight, then
P 2 /5 v(t)e—itdt
> frgv(t)e”itdt + Yﬁ:f—l e T
> G(T)(1—¢ 1) + g(T)e
= §(T)
for any T. In particular, we have p, > ¢(T**(7‘,p0)).
Q.E.D.

Another implication of Proposition 1 is that if the pre—development rent is
zero, then no distortion in development timing arises. If, in addition, the purchase
price Py is positive, then the owner chooses to sell at time 0. If Py is zero, then the
owner is indifferent between any points in the interval [O,T*]. The last result

corresponds to Proposition 8 in Sinn (1986).

CoroLLARY 2. If v(t) = 0 for any t and if pg > 0, then the optimum is (S,T) =
*
(0,T ). If v(t) = 0 for any t and if py = 0, then the optimal timing of sale is any

* *
point in [0,T ] and the optimal development time is T .

If ¢(T*) <pg < ¢(T**), then comparison between P(O,T*) and P(T**,T**)
is nécessary to obtain the optimum solution. This comparison is difficult to carry
out in the general case because we do not have a complete characterization of T**.
In the next two sections we examine special cases, and the following three lemmas

will be used there.
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~ ~

Lewwa 4. Define 9(r) by P(T(r,¢(r)), T(r,9(r)),7%(r)) = P(0,T). Then,
P(0,T) 2 P(T,T) a5 py 2 %),
where (1) is unique and satisfies

B(T") < wr) < H(T).

PRrOOF:

Let W(r,0,) = P(T(r;p,),T(7p),7pg) — P(0,T ,7,pg). Then,
ov/op, = e T 7 <0.
Since ¥ > 0 at py = ¢(T*), ¥(7) which satisfies ¥(7,9(7)) = 0 is unique, and
P(0,T) 2 P(T,T) as pyZ (1)
Since P(O,T*) > P(O,’i‘) > P(T,T) at py 2 ¢(T) and the opposite inequality
holds at p, = ¢)(T*), we must have ¢(T*) <Y(r) € ¢(T)

Q.E.D.

*
LemMA 5. Define wm(T) by P(m,m,T,wm(T)) = P(0,T ). Then,
* >
P(0,T") Z P(wo) as Py Z ¥, ("),
where ¢m(7) is unique and satisfies

HT) < B (1) < §lo)

PRrOOF:
The lemma follows from
P(0,T") — P(wys)
s—T*)

= (10T 12, R(5)-i0)e T s+ T vis)eas]

+ 7Py — j[gv(s)eﬁisds
= 1[py—¥ (7)]-
Q.ED.
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Lemwa 6. Let £(r) = H f;*v(t)e~i(t—T )dt——(l—T)j;* r(1)e T gt} Then

*

P(T*>T ) P(m,a)) as pO % 6(7-)7

AV

where £(7) is unique and satisfies

() 2 (7).

PROOF:
From
* * *
* % RO - —
R(IT) = {(1-)] 7 1t (=T ag 4+ rpgle™™ + 75 vit)e ™t
and
P(w,0) = jgv(t)e*itdt,

we obtain

P(T,T) 2 Plog) as py 2 &(7).

* *
If py = ¢ (), then P(0,T ) = P(w) and py 2 ¢(T ). From Lemma I, the

NIV

* * ok E I
last inequality implies that P(0,T ) > P(T ,T ). Hence P(T ,T )< P(w,0) and P, <
¢(7). This shows that ¢ (7) < (7).
Q.E.D.

5. Limiting Tax Rates

If the tax rate 7 is sufficiently close to zero or one, we can obtain the optimal
timing for sale and development.

Let us first examine the case where 7 is close to 0. The following lemma
shows that T"" is an interior solution T if p is lower than v(T*)/i, and that T i

* *
a corner solution T if pj is higher than v(T )/i.

LEMMA 7. If the tax rate 7 is sufficiently close to zero, then

~

Kk *
T (T,PO) = T(”'apo) if Py < V(T )/1 )

14



and
*k

* *
T (rpg) =T ifpy> v(T )/i.

PRrOOF:
Define H(T;r,po) = P(T,T;T,po). If 7= 0, then
A1/ 8T = [v(T)—t(T)le T =0
has a unique solution T*. As shown in Lemma 2, this interior solution maximizes
TI(T). Now, let us examine what happens when 7 is increased slightly.
First, we show that H(T;T,po) has a unique maximum at ’i‘(r,po) defined by
(4.5). Let o(T) = v(T)=r(T) + 7{r(T)~ipy]. Then, o1/0T = n(T)e 'L and 7(T) =
0. For a sufficiently small 7, (T) = v(T)—(1-7)r’(T) is negative for any T.
Hence, n(T) > 0 for T < 'i‘, and 7(T) < 0 for T > T. This implies that II’(T) > 0
for T < T and M'(T) < 0 for T > T. Hence, II(T) achieves a unique maximum at

T.

Next, from

~

OUI(T)/T = {v(T)~x(T) + 7{x(T)=ipgl}e " =0,
We have
. I(T)_ipo
6T(T,p0)/(97' = (1—7‘)r ’(T)—V’(T)' A
The denominator of the right hand side is positive for small 7. Hence T is

* * *
increasing in 7 at T if (T ) > ipy, and decreasing if (T ) <ip, The lemma
* *
follows immediately from (T ) = v(T ).
Q.E.D.

Combining this lemma with Lemmas 1 and 4 yields

ProPOSITION 2. If the tax rate 7 is close to zero, then the optimum solution is

($,T) = (0,T) if py > ()

15



S = T = T(r,p) if py < U7),
where (T ") < () < v(T )/i.
PRrOOF:

From v(T")/i > (1), Lemma 1 implies that, if p, > v(T )/i, then P(0,T")
> P(T*,T*). Combining this with Lemma 7 shows that the optimum in this case is
(S,T) = (0,T).

£ py < (T"), then Lemmas 1 and 7 yield

P(T,T) > P(T,T ) > P(0,T).
Hence the optimum in this case is (S,T) = (’i‘,’i‘).

It §(T") < py < v(T')/i, then Lemmas 1 and 7 yield P(T,T) > p(T,T ) <
P(O,T*). Hence, we must compare P(’i’,’i‘) and P(O,T*) in this case, but this
comparison is carried out in Lemma 4.

Q.E.D.

Next, consider the case where 7 is close to one. In this case we impose an
additional assumption that v(t) is strictly increasing. The following lemma shows
that an interior solution ’i‘ is never optimal in this case. If the initial purchase price
is low, T** is infinity, and otherwise it coincides with the first best development

*
time T .

Lemma 8. If v(t) is strictly increasing and if the tax rate is sufficiently close to one,
then
ok *
T (T:Po) =T if Py > ¢(7),
**
T (T,po) = o if Py < (7).

PROOF:

If 7=1, then we have

16



OIl/OT = [V(T)——ipo]e_iT.
Since v(T) is strictly increasing in T, II’(T) < 0 for T < ’i‘, and II’(T) > 0 for T >
T. This implies that T yields the minimum land value. Hence the optimum in this
case is either T = T* or T = . By continuity, the same is true for 7 close enough

to 1, and Lemma 6 immediately yields this lemma.

Q.E.D.

Combining this lemma with Lemmas 1 and 5 yields the result that the
optimal solution is either (S,T) = (O,T*) or S = T = ». Hence, if the tax rate is
close to one, then the owner sells the land at the initial time or keeps the land
forever. In the former case development occurs at the first best timing and in the

latter case development never takes place.

ProPosITION 3. If v(t) is strictly increasing and if 7 is sufficiently close to 1, then
*
(8,T) = (0,1 if py > .(7)
S=T=wifp, < ¥ (7),
*
where 9 _(7) satisfies O(T ) <9 (7)< ¢(7), ¥2(r) > 0, and
¥ (1) = [3v(s)eds.

PrOOF:
From
1o v(t)e Mt
f1) =L (T2 4T,

e—i T

* *
we have £(7) 2 (T ) for 7 close enough to one. Hence, if p; 2 £, then P(0,T ) >

* Xk * *
P(T ,T ) > P(w,m) for any T. In this case (S,T) = (0,T ) is optimal. Ifp, < o(T ),
¥ * *
then P(w,) > P(T ,T ) > P(0,T ), which implies that (S,T) = (w,») is optimal. In
* *
the case where §(T ) < p, < &(r), we must compare P(w,0) and P(0,T ). Lemma 5

then yields the proposition.
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Q.E.D.

This result shows that even if the tax rate is close to one, the lock—in effect

does not arise when the initial purchase price is sufficiently high.

6. Exponential Rents

A complete characterization of the solution is possible in special cases where
rents increase at constant rates. This section examines two cases: (1) the
post—development rent increases at a constant rate § but the pre—development rent
is constant, and (2) both the post— and pre—development rents rise at the same rate

. The first case is simple, but the second case is fairly complicated.

6.1. Constant Pre—Development Rent

IfR(t) = Re’t and v(t) = v, then T is unique and satisfies

| : .
A T = g{In[v+iC+=(v-ipy)-n(R)}.
At T the second order condition for maximum is always satisfied
8%11/8T% = —(1-r)r(T)e T < 0.
The uniqueness of T then implies that T maximizes II(T) globally.
*
Next, it is easy to see that T satisfies
*
T = }O{In(eriC)—ln(R)}.

- *

Hence, T > T only if D ¢ v/i.

From ¢(T) = v/i, Proposition 1 yields the following result.

ProPOSITION 4. Suppose the post—development rent rises at a constant rate ¢ and
the pre—development rent is constant. Then, if py > v/i, then the optimum is (S,T)
= (O,T*), if Py < v/i, then the optimum is (S,T) = (T,’i‘), and if Py = v/i, then
both (S,T) = (O,T*) and (S,T) = (T,T) are optimal.
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If the pre—development rent is constant, the solution is particularly simple.
When the initial purchase price, Py is higher than the capitalized value of the
pre—development rent, v/i, then the owner sells the land immediately and there is
no distortion in development timing. When the opposite inequality holds, the
owner delays the sale until the development time. In this case development is later
than the first best. As the tax rate rises from zero to one, the development time
moves from the first best level T* to infinity. Unlike in Proposition 3 which
assumes that the pre—development rent is strictly increasing over time, the

development time is always finite when the tax rate is less than one.

6.2. Equal Rates of Increase

Next, consider the case where the pre—development rent increases at the

o

same rate as the post—development rent: R(t) = Re™" and v(t) = ve® In this case

* A
T and T are

where X and X are defined as

Comparing these two yields

LEMMA O. IfT<E-E1, then

T%T as p0>CR-
If'r>~PLEY,then

T T as p0<CR——

* %
Using this result, we obtain T (7,p;) as follows.
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LEmma 10. If 7 < —Piﬁz, then
T(7,py) when pj < CITXV

*%
T (Tapo) = "
v
T when P > CR':\?'
If 7 > B2, then
" ® when p, < §(7)
T (T,po) = { T* and o when p, = ()
T when p, > &(7),

where
¢(r) = i—%{— %0+0+ %} > CRX—V for 7> —R-_I%K
fr= B—E—Y, then
® when Py < CRXV
** * v
T (rpg) =1 [T ,») when py= Cr=
* v
T when pO > CH,—_V-

ProOF: See the Appendix.
* ¥ k%
Comparing P(0,T ) and P(T ,T ), we obtain the optimal solution.

ProPoOSITION 5. If R(t) = Reot and v(t) = vem, then the optimal plan satisfies the

following conditions.

(1)< EEX
(T,T) 0 ¢ py < Yr)
(5,T) = { (T,T) and (0,1 )it py = %()
(0,1) ifpy > U(r)
(2) > Y
(0,0) if0 ¢ py < #.(7)
(ST) ={ (w0) and (0,T )ifp, = ¥_(7)
(0,1") ifp, > ¥_(7)
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where

and

P(0,T",7,9(r)) = P(T(r,9(r)), T(r, (7)), m,%(7)),
L -if0
50 =i+ (- DleS]
ProOF: See the Appendix.

This result is illustrated in Fig. 1. If pj is higher than () or ¢ (), then
the owner sells the land at the initial time and development occurs at the first best
T I D, is lower than %(r) and if 7 is lower than (R—v)/R, then the owner sells
the land at T when development occurs. If pj is lower than 1/)00(7) and if 7 is higher
than (R—v)/R, then the owner keeps the land forever and development never occurs.
In the latter two cases the capital gains tax has the lock—in effect but in the first

case it has the effect of speeding up the sale of land.

7. Concluding Discussions

In our model of land development, taxation of realized capital gains may or
may not produce the lock—in effect. The lock—in effect occurs when the purchase
price is low, but if the purchase price is high, the tax induces the owner to sell her
land immediately. This reflects the fact that the owner who cannot develop the
land by herself is equivalent to being a speculator. Because the capital gains tax
represents an additional cost for speculative trading, it discourages speculative
purchase of land and encourages sale of land by a speculator.

The result that the lock—in effect may or may not appear depending on the

purchase price is not limited to land development. The same result obviously holds
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for securities. Distortions in real resource allocation are however different in the
case of securities. In a public corporation where equity owners are separate from the
management, whether or not equity owners are locked in does not have any direct
effects on the management of the corporation. Distortionary effects arise only

through distortion in the portfolio of locked—in owners.
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Appendix
ProOF of LEMMA 9:
The second order derivative of II(T) at T is

(1) = [r- RYRae =0T,

Hence, T maximizes T(T) if 7 < (R—v)/R, but it minimizes II(T) if 7 > (R—v)/R.
We examine these cases separately.
() r< TR—V

In this case, T maximizes II(T) by uniqueness of T. However, if p;, 2 CR-_%,

~ * *
then T < T . In this case, II'(T) < 0 for T € [T ,0) and II(T) attains its maximum
% ~

at T . If P, < C}{Y‘:;» then T is optimal.
(2) 7> BY

In this case T minimizes II(T). We have to distinguish between the
following two cases.
(8) g > O . )

In this case we have T > T and hence II(T) is maximized either at T = T

*
or T = o. From Lemma 6, P(T,T) is maximized at T=T if p; > ¢(7); and at T=w
if py < &(7), where
C, 1 i
) = Zgl=70+ 0+ g5}
*

Ifp, = £(7), then the maximum is attained at both T=T and T=o.

From the definition of £(7), we have

¢80 = oty

Since £(7) is increasing in 7, this shows that £(7) > CRY_—V for 7> B—E—’
(b) py < Cp
~ * *
In this case, T < T . From II’(T) > 0 for T € [T ,0), the maximum occurs at

T =w

(8) 7 ="g"
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In this case we have
. —iT <
I(T) = i[(1-7)C—1pyle ! % 0 as py 3 CR'X'V‘
Hence, if Py < CRX—;, then II(T) is maximized at T = T = o; if Py > CR—X—V, then
*
II(T) is maximized at T = T ; and if p = CR—X—‘—I, then II(T) is constant.

Q.E.D.
ProoF of PROPOSITIOR 5:
(1) r <25
First, we show that CR—V_:; > d)(T*). From the definition of ¢(T*),
* _— —(i-0)/6
Ol — (T ) = — Y (i (i—g)x+ox U0/ 0
R-v i(i—0) (1= "%’

Let g(X) = —i+(i-0)X+0X 0/ Then, g(1) = 0 and
g'(X) = (i-0)(
* * % A
P(0,T ) > P(T ,T ) < P(T,T).
From Lemma 4, we obtain
*N 2 P(T T 2
P(0,T ) S P(T,T) as py £ W(7).
(c) Py > O
From Lemmas 1 and 10, we obtain
* * % ~on
P(0,T ) > P(T ,T ) > P(T,T).
* * A A
Hence, (0,T ) is optimal. In this case, inequality P(0,T ) > P(T,T) is satisfied.

Hence, we must have Py > ¥(7) for any 7 in [O,EEX). This implies that CIT—Y-V >
¥(7) for any 7in [O,Rif—‘i).
(2) 7> BY

*
In this case P(T,T) is maximized at T=T if Py > £(7); and at T=w if Py <
£(7). From Lemma 10 we have
* R— C *
T 755 > g > (T
Hence, we obtain the following results.

(a) py < $(T)
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Lemmas 1 and 10 yield
P0,T) < P(T,T") < P(w)
Hence (w,») is optimal.
(6) §(T") < py < &(T",7)
From Lemmas 1 and 10, we obtain
P(0,T7) > P(T,T ) < P(s,a).
Lemma 5 yields
S=0andT=T*ifp0> ¢m('r)
S=T=wifp; <y (),
where
p (1) = 25+ (D Lx 0
() py 2 &(T",7)
From Lemmas 1 and 10, we have
P(O,T) > P(T T ) > P(wy)

*
Hence, (0,T ) is optimal.

®)r= %"

In the same way as in (2), Lemmas 1 and 10 yield the following results.
*

(a) py ¢ (T ): (w,w) is optimal.

*
(b) &(T ) < py < Cp *

S=0and T="T ifp,> 9 (55"
S=T=wifp, <9 (Y,
where
R— R—
¥ (T = Yg)-
*
(c) py 2 CRY_—V-: (0,T ) is optimal.
Q.E.D.
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(R-v)/R T

Fig.1. Optimal Timing of Sale and Development: An Exponential Example



