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Abstract

The most important drawback of atax on realized capital gainsisits "lock-in"
effect. This paper uses asimple land development model to examine the distortion that
the lock-in effect generates. A surprising result is that the lock-in effect does not arise if
the basis for the capital gainstax (usually the price at which the current owner acquired
the land) is sufficiently high. Rather than delaying the sale, the owner sellsthe land as
soon as possible even if the land will be developed much later.  In this case, the capital
gainstax creates no "real" distortion because it does not affect the development time.  In
particular, if the basisis the price formed under perfect foresight, the lock-in effect never

arises.

Proposed running head: Lock-In Effects of Capital Gains Taxation



1. Introduction

The most important drawback of taxing capital gains only upon realization rather
than on accrual isits "lock-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 amodel that links
asset holdingsto real resource allocation.  This paper uses a simple land development
model to examine the distortion.

Consider aplot of land that is currently under-utilized, for example, afarm located
at acommuting distance from the city center. Converting it into residential use yields
much higher rents, but it requires substantial development and construction costs. The
lock-in effect will distort the "real" resource allocation if it delays devel opment.

The lock-in effect does not cause any distortion if development does not require
thesadeof land. If arental contract were as efficient as the sale of the land, for example,
the owner could rent the land to a household that would build its own house on the rented
land. Therenta arrangement is often inefficient, however, because the house cannot be
separated from the land.  Aswell known in the human capital literature pioneered by
Becker [2], the specificity of capital generates serious market failure when a complete
contingent contract is not feasible. It is often the case, therefore, that the outright sale
of land isfar superior to the rental contract. If the sale of land is essential for
development, the lock-in effect resultsin adistortion in real resource allocation because it
delays devel opment.

A surprising result in this model isthat the lock-in effect does not arise if the basis
for capital gains taxation (usually the price at which the current owner acquired the land)
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issufficiently high.  In fact, the opposite extremeis obtained. Rather than delaying the
sale, the owner sells the land immediately even if development occurs much later. The
capital gains tax creates no "real" distortion in this case because it does not distort the
buyer's choice of development timing.  If the basisis low, however, the owner sells the
land just before development and the development timeisin general distorted. A
sufficient condition for the non-existence of the lock-in effect isthat the basisis the
purchase price that was formed under perfect foresight. The lock-in effect arises only
when unexpected capital gains exist.

The organization of this paper isasfollows. 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 first derives conditions for optimal development timing.
Combining these conditions with resultsin Section 3 shows that the owner chooses to sell
theland at the initia time when the purchase price is sufficiently high. A corollary of
this result is that the lock-in effect arises only when unexpected capital gains exist.

Section 5 contains concluding discussions.

2. The Model

Consider aplot of land that is currently undeveloped (or under-utilized). If it
remains undeveloped, the land rent is y(t) a timet, where y(t)3 0. The costs of
developing the land and constructing a building are constant over time and denoted by C.

The building is infinitely durable and cannot be demolished. After development the

property yields grossrents R(t) attimet. The net land rent isthe gross rents minus the

user cost of capital. Under our assumption of perfect durability of capital, the user cost
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is iC when the (after-tax) interest rateisi. Thenet rentisthen r(t) = R(t) - iC.

We assume perfect foresight of the rent profiles. Furthermore, the rent profiles
satisfy the following conditions.  First, both pre- and post-development rents are

nondecreasing over time: R¢t) 3 0, and v¢t)3 O foranyt. Second, the rent of
developed land rises faster than that of undeveloped land, i.e., R¢t) > v¢t) for any t.

Third, the net land rent of developed land is lower than that of undeveloped land at the
initial time but eventually becomes higher: r(0) < v(0) but r(¥) > v(¥).

If renting were equivalent to owning, capital gains taxation would be irrelevant
because the owner could then escape the tax altogether by renting the land to a potential
buyer. 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 compared with
owning the land.?

The buyer of the land does not have to develop it immediately. We assume that

the buyer can earn the same pre-development rent y(t) as the seller would have done

until development.

In our model, the only choice iswhen to sell and develop theland. Let S denote
the time when the landowner sellsthe land, and T the time when the buyer developsit.
We assume that there are many potential buyers whose future earnings profiles are the
same. Competition among buyers then raises the land price until it coincides with the

discounted value of future earnings. The land price before tax is
q(s. Ty=e (-9 [ r(pe ¢ Nt + ZSTv(t)e' i(t-$) gy 1)

atime S. Partia differentiation of equation (1) with respect to S yields



19(S,T) /1S +w(S) _

2
q(s.T) @

The left hand side is the rate of return on land which is the sum of capital gains and
income gains. Thismust equal the rate of return on an alternative asset, i.e., the interest
ratei.

The seller has to pay atax on capital gains ¢(S,T)- pg, where pg isthe basisfor
thetax. Thebasisisusually the price at which the seller acquired the land but the
analysisin this paper does not require that it be an equilibrium price.  The owner might
have been lucky or unlucky in buying the land at a disequilibrium price; or the purchase
price was formed under rational expectations but uncertainty was resolved after the
purchase of land. One of our major resultsis that there will be no lock-in effect if there
is no uncertainty and if the purchase price was formed under perfect foresight.

If the capital gainstax rateist, thetax liability is t[q(S,T)- pg]. Wedo not
rule out the possibility that capital gains are negative. In such a case, the seller receives
asubsidy from the government. Because land price rises over time in our model,
however, capital gains are nonnegative unless the basis pg is higher than the actual
purchase price. Theland price after tax is

P(S,T:t, pg) =q(S,T) - t[a(S,T) - pol 3
at timeS.

The land value at time O is the discounted value of thisland price plus the

discounted sum of pre-development rents that the owner earns until the sale of land:
P(S,T:t, po) = [(- 1)a(S.T)+ tpgle” ' + [ v(t)e™at. (4

Note that upper-case letter P in (4) indicates the value of land at time O and lower-case
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letter p in (3) denotesthe (after-tax) priceat timeS. Weomitt and pg from theinitia
land value function P(S,T:t, pg) when this does not cause confusion.

When the landowner sells the land, he will choose the buyer whose offer priceis
thehighest. Thismeansthat, given thetime of sale S, the development time T is chosen
to maximize q(S,T). Thelandowner then chooses S to maximize theinitia land value
P(S,T). Itishowever easier to solve the problem in the opposite order. Wefirst
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 O or just before the
development time T, depending on the level of the basis p,. We then solve for the
optimal development time for each of these cases. Comparing them yields the optimal

solution.

3. Timing of Sale

We first solve for the optimal selling time S given an arbitrary development time
T. Therent profileis determined uniquely by the development time, and a change in
selling time changes the tax payment only.  Mathematically, combining (1) and (4) yields

theinitial land value,
P(S,T:t, pg) = ZJ v(tetdt + ZT¥ r(te tdt - t[a(S,T)- pole S, (5)
Because the first two terms are independent of S, the optimum for S requires that the
present value of the tax libility, t[q(S,T)- pole 'S, be minimized.
This has two immediate implications.  First, if the tax rate is zero, then the
landowner isindifferent to the timing of sale.  Second, if the basis pg is the purchase

price at time 0 and the price is formed under perfect foresight, then the optimal timing of
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sdeisS=0. Thereasonissimple. Inthiscasethebasisis pg = q(0, T), whichimplies
that the tax liability is zero a time 0. Because the before-tax land price q(S,T) rises
over time under our assumptions, the tax liability is positive for positiveS.  Hence, the

present value of the tax liability attains its minimum (i.e., zero) a S = 0.

PROPOSITION 1.  If the basis equals the perfect foresight price at the initial time 0,

then it is optimal for the owner to sell the land immediately.

It is commonly believed that atax on realized capital gains has lock-in effects.
This proposition shows however that capital gains taxation has the opposite “lock-out”
effect under perfect foresight. One way of understanding this result is that atax on
capital gains introduces a penalty for speculation. Note that in our model the current
owner is basically a speculator because he himself cannot develop theland. The capita
gainstax can be saved if the person who develops the land buys the land directly at time O
without going through a speculator.

In general, if the basis of the asset is high compared with the current price, the
capital gains tax induces the owner to sell the land immediately, and if it islow, the owner
postpones the sale until (just before) development. Let us now turn to the
demonstration of this more general result.

Because of our assumption that the pre-devel opment rent is non-decreasing over
time, it is never optimal to sell at an intermediate time betweenOand T. Thiscan be
seen by checking the second order condition for an interior optimum. The first order

condition for an interior maximum of (5) is



T = t1v(s) - ipgle™ =0, ©)

1S
where we used relationship (2) to smplify the expression.  This solution does not satisfy

the second order condition since we have

P

7" tvgS)e™ S >0 7

at thispoint. Hence, the optimal selling time is one of the corners, i.e., either S =0 or

T. Comparing these two corner solutions immediately yields the optimal selling time.

PROPOSITION 2. Define a weighted average of pre-development rents v(t) with

weights being e by

[T ve tat i) vte tat
v(T)o =0 =0 =
L e it 1- ¢

(8)

Let f(T)° V(T)/i denote the present value of the infinite stream of the weighted
average. Then, the optimal timing of saleis S =0if po>f(T). If pg<f(T), the

optimal timing is (just before) the development time, S =T.

PROOF:

The two corner solutions satisfy
P(0,T) = (1- t)ge' iT Zf rt)e” 1t Dt + Z; v(t)e'"dtw+ tpg
and
P(T,T)= B(l- t)ZT¥ r(tye 't at + tpowe' T, ZOT v(t)e "dt.

The difference between themis



P(T,T)- P(O,T)=tgzg v(t)e "t - po(1- e T )w.
Thisimplies
> >
P(0,T)=P(T,T) as py=f(T).
< <

Q.E.D.

If the basisis lower than f (T), the usua lock-in effect arises: the owner has an

incentive to postpone the sale of land in order to reduce the tax payment. We can
interpret this result as follows.

As noted before, the owner chooses the selling time S to minimize the present
value of the tax payment is t[q(S,T)- pgle” IS If the current value of the tax payment,
t[q(S,T)- pol. isconstant, its present val ue decreases over time and the owner prefers
to defer the realization of the tax indefinitely. The reason is that the owner receives an
implicit interest subsidy by deferring the tax payment. Because of land price
appreciation, however, the tax payment increases over time.  If it increases at arate
faster than the interest rate, the owner wants to advance the realization of the tax.

If the basis p,, is zero, then the tax payment increases at the same rate as the land
price. Now, from (2) the rate of retun on land equalsthe interest rate.  Since the rate
of return on land includes income gains as well as capital gains, the rate of land price
appreciation cannot exceed the interest rate.

If the basis is positive, the tax payment, t[q(S,T)- pg], increases at afaster rate
than the land price, q(S,T), because the basisis constant over time. If the basisislarge

enough, therefore, the tax payment may increase faster than the interest rate.  Put it
-0-



differently, the fact that the current value of the basis is constant means that its present
value declinesover time. Thistends to increase the present value of the tax payment.
If this effect is strong enough, the present value of the tax payment increases over time.
Proposition 2 above shows that this “lock-out” case occurs when the basis is higher than
f(T). If, for example, the basis p is positive and the pre-development rent v(t) is zero,
then the owner chooses to sell the land immediately.

The following corollary obtains sufficient conditions for lock-in and lock-out

effects.

CoOROLLARY. If the basis price pg is lower than the capitalized value of the land rent
attime 0, i.e., pg <Vv(0)/1,then itis optimal to postpone the sale of land until the
development time T. If the basis is higher than the capitalized value of pre-
development rent at time T, i.e., pg > v(T)/1, then selling at the initial time O is
optimal.
PROOF:

From (8), f(T) satisfies v(0)/i£f(T)Ev(T)/i and f&€T)2 0. Thecorollary

follows immediately from Proposition 2. Q.E.D.

Our results differ markedly from those obtained in models of security trading, e.g.,
Constantinides [4].>  The essence of the argument there can be summarized as follows.

Consider an asset that the current owner purchased at price p,. Wecal this
asset land but it may be asecurity. Itspriceis p,(> py) atimet;. If theowner sellsit

a time t,, the capital gainstax of t(p; - py) islevied. Alternatively, the owner can
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postpone the sale until her death at time t, whenthe priceis p,. Thecapital gainstax is
then t(p, - pp)- Inthelatter case the after-tax value of the asset at the time of deathis

Wy = p2- t(p2- Po)-
In the former case, it is assumed that the owner buys an asset of the same type (i.e.,
another plot of land with the same rate of return) again at timet;. The after-tax value of
theland isthen p, - t(p, - p,) at thetime of death. We must subtract from this the
value of thetax paid at time 1. If the discount rateisi, the value of thetax at time 2 is
t(pr- po)e'™2 ) and the net worth of the owner is

Wg = pp- t(p2- pr)- t(py- pole!(z ™)
at that time. Comparing thiswith Wy, aboveyields
Wy - Ws =t(py - po)le''z) - 11> 0.

Thisinequality implies the presence of the lock-in effect: even if the new plot of land
yields a higher rate of return, the owner iswilling to hold the old one so long as the
difference in returnsis smaler than Wy, - Wg above.

The resultsin this paper are based on adifferent comparison.  The point of

departure is the choice of the asset at time ;.  In the above comparison, the revenue
from the sale of land at time t, isinvested in another plot of land.  The use of discount

rate i, however, means that the owner has an access to an asset whose net rate of returnis

i. When she sallsthe asset at time ty she can invest in this alternative asset and the net

worth at time t, is

Wg =[p; - t(py- po)le2" ™.

Now, suppose the rate of return on land (before the capital gainstax) equalsi.
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Then the lock-in effect meansthat Wy >Wg. We can easily seethat thisinequality may
not hold. Comparing wg with w,, yields

Wiy - W = (L= t)[pe'2" ) - po] - tpgle!®2 ) - 1.
Thisisnegative if the basis p, issufficiently high. Anexample of thisis the case where
the asset yields no income gains but the basis p, is strictly positive.  If income gains

(i.e., land rents) are zero, then the price of the land must rise at rate j . This makesthe

first square bracket zero, and Wy, - Wy isnegativeif p, ispositive.

4. Timing of Development

We have seen that the owner sellsthe land either at the initial time or at the
development time.  This section examines the optimal development time for each of
these two cases.

If the owner sellsthe land at time O, the capital gains tax will not distort the
development time.  Thisis obvious because the tax that is paid at time O does not
influence the decisions after that.

If the owner sellsthe land at time T, the development time will be distorted. In
this case the owner wants to postpone the realization of the capital gains tax until

development, and postponing development allows further deferral of the capital gainstax.
The First Best Development Time

Let T" denote the first best development time that is obtained when the tax rate is

zero. Then,itiseasy toseethat T satisfies
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r(T7)=v(T"), 9
where r(t) = R(t) - iC isthe net post-development rent defined in section 2. This
condition iswell known in the literature on durable housing (surveyed in Fujita[5]).”

Sale at the Initial Time

If the owner sellsthe land at time 0, the buyer chooses the development time T to
maximize q(0,T). Because the buyer does not pay the capital gainstax, the

development time in this case coincides with the first best.

PROPOSITION 3. If the owner sells the land at time 0, then the optimal development

time coincides with the first best, T

Sale at the Development Time
When the owner sells the land just before devel opment, the value of land at the
initial timeis
P(T.Tit, po) ={(@- )Q) r(e “ Ddt+tpgle T+ Qu(tye 'dt.  (10)
The development time is chosen to maximize thisinitial land value. Let T  (t, po)
denote the solution to this maximization problem:
T, Po) = arg max;ty P(T,T;t, pp). (11)
If T7(t, po) isaninterior solution, it satisfies
r(T7(t. po)) - V(T (. Po)) =t[r(T™(t., o)) - iPo]. (12)

This condition can be interpreted as follows. Deferring development changes the tax

payment as well asthe net rent earnings. The left hand side is the net 1oss of rent
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earnings, and the right hand side is the value of tax savings. These two are equal at the

interior solution.
Optimal Timing for Sale and Development

So far we have seen that the development timeiseither T" or T™(t, py). We
next examine when these solutions are obtained.  Wefirst show that T™"(t, py) is
optimal only when 7™ (t, py) 3 T~. That is, when the owner defersthe sale of land until

(just before) development, the development time cannot  be earlier than the first best.

PRoOPOSITION 4. If it is optimal for the owner to postpone the sale of land until (just
before) development, then T (t,pg)3 T . If po <f(T"), then the inequality is

strict: T (t,pg)>T .

Proof:
Suppose the optimal development time T isstrictly before T~.  Let

P(T,t,po)° P(T,T,t,pp). Then, T~ must satisfy the first order condition,

ﬂ_ﬁ =e i
T

™) - v N+t () - ipgl} = 0.
We derive a contradiction by showing that P / 9T >0 at this point. From
r(T)=v(T" ) and r¢T) > VvET), wehave r(T" )<v(T ). Then, the abovefirst
order condition implies

“t[r(T™) - ipgl =-[r(T™) - v(T7)] >0.
Since the capital gainstax rate t must be lessthan 1 (one), we have

-t[r(T7) - ipol <-[r(T7) - ipol.
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Combining this inequality with the above equality yields
Po > V(T )i,
which contradicts the corollary to Proposition 2 that requires py £ v(T )/ i.
Next, if pg <f (T*), then the corollary to Proposition 2 implies that
Po<V(T)/i. Since r(T")=v(T"), weobtan

i

= T{tiv() - ingl} > 0.

T=T"

Hence, the optimal development time cannot be T~ if po <f(T").

Q.E.D.

Thisresult is quite natural because the realization of the capital gainstax is linked
to the development timeinthiscase. Since the optimal selling time is a corner solution,
gains from the deferral of the tax are not marginal.  When there exist non-marginal tax
advantages in postponing the sale, it also pays to postpone development since this allows
longer deferral of the capital gains tax.

The next proposition obtains conditions under which the capital gains tax delays

development.

PROPOSITION 5. Define j (t) by P(T ™ (t,j (t)), T  (t,j (t),t,j (t)° P(O,T"),

where j (t) is unique and satisfies

FT)E] () EFTT (L] (1)
Then, if po 2 j (T (t,pg)), then the optimum is (S,T)=(0,T"). If

Po £] (T**(t, Po)). then the optimumis S=T = T**(t, Po)-
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PROOF:
Let L(t,pg)° P(T (t,po), T  (t,Po)t,Po)- P(O,T ,t,pg)- Then, using
the envelope property, we obtain
L/fpp =te” T - t<0.

Since L3 0at pg :f(T*), j (t) which satisfies L(t,] (t)) =0 isunique, and
* > *% *% >
PO,T )=P(T ,T ) a pp=j (t).
< <

Now Proposition 1 impliesthat equality P(O,T" )=P(T ,T ) holds at
Po=f(T"). Since P(0,T) achievesitsmaximumat T , we obtain
POT )3 POT )=PT ,T7) a po=f(T).
Thisimplies (T )2 j (t). Using Similar arguments, we obtain
POT)=P(T ,THEPT ,T7) a po=f(T),
whichimpliesthat  f(T") £ (t).

Q.E.D.

Thus, if the basis for capital gainstaxation pg is higher than or equal to j (t), then the
lock-in effect does not arise.  Instead, the owner sdllsthe land at the initia time and the
development timing coincides with the first best.’  If the basis is lower than or equal to
j (1), then the owner postpones the sale until development. The development timein
this caseisnot in general first best, and the distortion is alwaysin the direction of delaying
development.

In Proposition 1 we have aready seen that, if the basis equal s the perfect foresight

price, the owner sellstheland at time 0. The development time isthen at the first best.
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The lock-in effect therefore occurs only when there exist unexpected capital gains. This

result is a special case of Proposition 5.

COROLLARY 1. If the basis price is determined under perfect foresight, then the

optimum is always (S,T)=(0,T").

Another implication of Proposition 5 isthat, if the pre-development rent is zero,

then there will be no distortion in the development time.  If, in addition, the basis p, is
positive, then the owner choosesto sell at time 0.  If p, iszero, then the owner is
indifferent among all pointsin theinterval [0,7"]. Thelast result correspondsto

Proposition 8 in Sinn [8].

COROLLARY 2. If v(t)=0foranytand if pg> 0, then the optimum is
(S, T)= (O,T*). If v(t)=0 foranytandif pg =0, then all points in [O,T*] are

optimal for S and the optimal development time is T

A complete characterization of the solution is possible in a special case where the
pre-development rent is constant and the post-development rent increases at a constant

rate.

COROLLARY 3. Suppose the post-development rent rises at a constant rate q and the

pre-development rent is constant.  Then, if p,>v /i, then the optimum is
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(S,T)=(0,T"); if py<v/i, then the optimumis (S,T)=(T ,T );andif po=v/i,

then both (S,T)=(0,T ) and (S,T)=(T ,T ) are optimal, where

™ :é%lnhv+iC +1_t—t(v- ipo)a- |n(R)w (13)

is the interior solution that satisfies (12).

PROOF:
If R(t)=Re% and v(t)=v,then T  (t,pg) in (12) isunique and satisfies (13).
At T"" the second order condition for maximum is always satisfied
(2P /T2 =-(1- OreT™)e T <o.
The uniqueness of T then implies that T maximizes P globally.
Next, itiseasy to seethat T satisfies

T = é Iln(v +iC) - In(R){].

Hence, T~ 3 T onlyif py£v/i. From f(T)=v/i, Propostion 5 yieldsthe

corollary.

Q.E.D.

5. Concluding Discussions

We have seen that taxation of realized capital gains may or may not cause the
lock-in effect. The lock-in effect occurs when the basis for taxation is low, but if the
basisis high, the tax induces the owner to sdll her land immediately. This reflects the

fact that the owner who cannot develop the land by herself is equivalent to being a
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speculator. Because the capital gains tax represents an additional cost for speculative
trading, it discourages speculative holding of land.

The result that the lock-in effect may or may not arise depending on the the level
of the basisis not limited to land development.  The same result obviously holds for
securities.  Distortions in real resource allocation are however different in the case of
securities.  In apublic 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

distortions in the portfolio of locked-in owners.
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Footnotes

! An earlier version of this paper was presented at the meetings of the Japan Association
of Economic Theory and Econometrics Association. | thank Tatsuo Hatta for useful
discussions. | aso thank two referees and Jan Brueckner for insightful comments that
improved the exposition of the paper.

? Kanemoto [7] shows that the lack of verifiability makes arental contract of land inferior
to the sale of land.

¥ Auerbach [1] which presents a method of capital gains taxation that eliminates the lock-
in effect al'so contains a similar explanation of the lock-in effect.

* Note that, even if income gains are zero in the current period, the asset price can be
positive so long as investors expect future income gains.

® Extensions of this condition appear in the literature on distortionary effects of land value

taxation, e.g., Bentick [3], Skouras[9], and Wildasin [10].
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® This result differs from those in Kanemoto [6] which showed that capital gains taxation
dows 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. Kanemoto [6] assumes 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.
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