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This article investigates how a corporate tax holiday affects a firm’s incentive to in-
vest when irreversibility interacts with uncertainty. The firm has a monopoly right to
exercise a single, discrete, infinitely lived project. After exercising the project, at
each instant, the firm receives one unit of output while incurring a fixed amount of
operating and maintenance costs. The firm can temporarily and costlessly both shut
down and resume its operation. A more generous tax incentive (i.e., a longer tax
holiday or a lower corporate tax rate) will discourage a firm’s incentive to invest if
the firm’s value from delaying investment is increased by more than its value of in-
vesting immediately. This is more likely to happen if capital assets either are short-
lived or yield a return that is very volatile.
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The literature on the effect of a corporate tax holiday typically
assumes that investment both yields a nonstochastic return

and is costlessly reversible (e.g., Mintz 1990; Mintz and Tsiopoulos
1994).1 The following asset characteristics emphasized by “real op-
tions” literature (Dixit and Pindyck 1994, 3) are thus ignored: First,
the investment costs are usually sunk because of asset specificity, the
“lemons” problem, or governmental interventions. Second, the future
rewards from the investment are usually stochastic. Finally, there is
some leeway about the timing of investment. By employing the real
options approach, this article shows that a more generous tax incen-
tive, either a lower corporate income tax rate or a longer tax holiday,
may fail to stimulate investment.
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Abstract



This article adds tax holidays into the model of discrete investment
decisions commonly used in real options literature (e.g., Brennan and
Schwartz 1985; McDonald and Siegel 1985). A risk-neutral firm,
owned by risk-averse investors, is assumed to have a privileged oppor-
tunity to exercise a single, discrete, infinitely lived project. To exercise
the project, the firm should purchase and install capital that has no re-
sale value and is depreciating at a constant rate. Once exercising the
project, at each instant, the firm is able to produce one unit of output
whose price is stochastic over time while incurring both operating and
maintenance costs. The firm can temporarily and costlessly shut down
its operation if the output price is below these operation and mainte-
nance costs and costlessly resume later otherwise. The firm also re-
ceives a tax holiday immediately after exercising the project.2

The firm should compare the benefit of investing immediately with
that from delaying investment when deciding whether to invest. A
more generous tax policy (i.e., a longer tax holiday or a lower corpo-
rate tax rate) is then found to exhibit an ambiguous effect on the firm’s
incentive to invest. This is because the benefit of investing immedi-
ately and the benefit from delaying investment will then be both
raised. If the latter is raised by more than is the former, then the firm’s
incentive to invest will be reduced. This is more likely to happen
if capital assets either are short-lived or yield a return that is very
volatile.

This article is related to the studies on the risk-sharing effects of
taxation in an uncertain world. Domar and Musgrave (1944) suggest
that the government shifts part of the risk onto itself when taxing in-
come with full-loss offsets. Stiglitz (1969) allows the taxation of risky
income either with or without loss offset. Mintz (1981) suggests that
the assumption about production technology determines whether a
corporate tax with full-loss offset can encourage risky investment.
Gordon (1985) examines the taxation of risky income with full-loss
offsets in a general equilibrium framework. Majd and Myers (1985,
1986) examine the effects of loss carry-forwards, and both Auerbach
(1986) and Mayer (1986) examine the asymmetric effects of tax
losses. This article considers both cases of full- and no-loss offsets and
departs from these articles by allowing the interaction between risk
sharing and the time-contingent tax holiday policy.
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This article is also related to those articles that apply “real options”
to examine tax incentives other than tax holidays. Hassett and Metcalf
(1992) suggest that uncertain investment tax credits may encourage
investment. MacKie-Mason (1990) examines the stimulus effect of
depletion allowances and yields results similar to those of this article:
A more generous tax incentive, either a lower corporate tax rate or a
higher rate of depletion allowance, may fail to encourage investment.

The remainder of this article is as follows. The next section presents
my model, followed by a section that provides numerical simulations
to demonstrate computation feasibility of this model. The last section
concludes and suggests extensions for future research.

THE MODEL

I add tax holidays into the model on discrete investment decisions
commonly used in real options literature (e.g., Brennan and Schwartz
1985; McDonald and Siegel 1985). A risk-neutral firm, owned by
risk-averse investors, is assumed to maximize the expected dis-
counted profits. The firm has a privileged right to exercise a single,
discrete, infinitely lived project. To exercise this project, the firm
should purchase and install capital at the costk. Installed capital both
has no resale value and is depreciating exponentially at a constant rate
δ1. Once exercising this project, at each instantt, the firm has a capac-
ity to produce one unit flow of output with a stochastic priceP(t) while
incurring the cost ofw + δ1k; w is the fixed operating costs, andδ1k is
the maintenance costs required to maintain one unit flow of output at
each instant. I also assume that the firm can temporarily and costlessly
suspend its operation ifP(t) is beloww+ δ1kand can costlessly resume
later otherwise.

The output priceP(t) follows a geometric Brownian motion:

dP t

P t
dt dZ tp

( )

( )
( )µ σ+ , (1)

whereµp is the expected growth rate ofP(t), σ (> 0) is the instantane-
ous volatility of that growth rate, anddZ(t) is the increment of a stan-
dard Wiener process. Equation (1) indicates that the current output
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price is known to the firm, and the future output price is log-normally
distributed with a variance that grows over time.

Suppose that the firm’s output is not a hedged asset but can be
spanned by existing assets. Denote the price of an asset or a portfolio
of assets perfectly correlated withP(t) asX(t), which evolves as

dX t

X t
dt dZ tx

( )

( )
( )µ σ+ , (2)

and by the capital asset pricing model (CAPM),µx = r + Φρpmσ, where
r is the risk-less rate,Φ is the market price of risk, andρpm is the corre-
lation coefficient betweendP(t)/P(t) and the rate of return on the mar-
ket portfolio. Denoteδ0 as the shortfall of returns, which is the differ-
ence betweenµx andµp—that is,δ0 = µx – µp. BecauseP(t) is expected
to grow at a rate equal toµP, the required return for holding the output
is µP, so thatδ0 must accrue as some kind of dividend. Thisδ0 repre-
sents the opportunity cost to exercise the project rather than delay it,
and thus its value should be positive; otherwise, no rational investors
will exercise the project at all.

Once the firm exercises the project, it is granted with a corporate tax
holiday ofT periods, during which it does not need to pay any corpo-
rate income tax. Suppose that the investment costs are free of taxation
but the operating profits are taxed at a rate equal toh. Denote the firm’s
after-tax flow profit at timet asπ(P(t)). Its value depends on both
whether the firm’s loss can be offset and whether the economic rate of
depreciation,δ1, is larger than the “allowed” depreciation rate for tax
purposes, denoted byδ2.

3 Suppose that bothi andj are switching vari-
ables:i = 1 if P(t) ≥ w+ δ1k, andi = 0 otherwise, whilej = 1 if t >T, and
j = 0 otherwise. Three cases will then arise: (a) ifδ1 > δ2, then

π δ δ( ( )) max[ , ( ) ] max [ , ( ) ] ;P t P t w k h i j P t w k= − − − ⋅ ⋅ ⋅ − −0 01 2 (3)

(b) if δ2 ≥ δ1 with full-loss offsets, then

π δ δ( ( )) max[ , ( ) ] ( ( ) );P t P t w k h i j P t w k= − − − ⋅ ⋅ ⋅ − −0 1 2 (3′)

(c) if δ2 ≥ δ1 without any loss offsets, then

π δ δ( ( )) max[ , ( ) ] max [ , ( ) ].P t P t w k h j P t w k= − − − ⋅ ⋅ − −0 01 2 (3″)
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Equation (3) shows that ifδ1 > δ2, then the after-tax flow profit with
full-loss offsets will be equal to that without any loss offsets;4 this is
because the firm is able to temporarily and costlessly suspend its op-
eration. As a result, once the firm operates, its operating profit,P(t) –
w–δ1k, will be nonnegative. The firm’s taxable income,P(t) –w–δ2k,
will then be also nonpositive becauseδ1 > δ2. However, ifδ2 ≥ δ1, then
the firm’s taxable income may be negative, and thus its after-tax profit
with full-loss offsets, as shown by equation (3′), will be more valuable
than that without any loss offsets, as shown by equation (3″). The “al-
lowed” depreciation rate for tax purposes (δ2) may be lower than its
economic rate (δ1) in the presence of technological changes. For ease
of exposition, I abstract from this and focus on the case in whichδ2 ≥
δ1. Consequently, I use equations (3′) and (3″) instead of equation (3)
to derive the firm’s investment value.

The firm’s value,V(P(t), T), is the pretax discounted present value
of flow profits,V1(P(t)), net of the discounted present value of corpo-
rate income taxes,hV2(P(t), T). Using equations (3′) and (3″) yields

V P t T P f P dP e d
t t

t
x( ( ), ) ( ( )) ( ( )) ( ) ( )= ⋅

∞ ∞ − −∫ ∫ π τ τ τ τµ τ

= −
∞

+

∞
∫ ∫t t T

C P t d h C P t d1 2( ( ), ) ( ( ), )τ τ τ τ

= −V P t hV P t T1 2( ( )) ( ( ), ),

(4)

whereµx is the firm’s risk-adjusted discount rate,f(P(τ)) is the density
function forP(τ), andCi(P(t),τ) (i = 1 or 2) is the present value at timet
of a European call option on an “underpriced” asset, which gives its
asset owner the right to buy a one-unit output at timeτ at the cost of
w + δik while receiving the output priceP(τ). BecauseCi(P(t), τ) is
analogous to a European call option on a dividend-paying stock, its
pricing formula is given by the following (Merton 1973; McDonald
and Siegel 1984):

C P t P t e N d w k e N di
t

i
r t( ( ), ) ( ) ( ) ( ) ( )( ) ( )τ δδ τ τ= − +− − − −0

1 2 , (5)

where
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N(•) is the standard normal cumulative distribution, andj is a switch-
ing variable:j = 1 if i = 1 or if i = 2 with full-loss offsets, andj = 2 if i = 2
without any loss offsets.

In the appendix, I use the contingent claims analysis to derive
V1(P(t)), the first term on the left-hand side of equation (4),5 which is
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andβ1 andβ2 are the larger and smaller roots in equation (A9) in the
appendix. I briefly examine the effects of some underlying parameters
onV(P(t), T) in equation (4), which will be used later. First,V(P(t), T)
is both decreasing withh and increasing withT; this implies that a
more generous tax incentive, either a lower corporate tax rate or a
longer tax holiday, leads to a higher firm value. Second, whenδ1 = δ2,
thenV(P(t), T) is both decreasing withδ1 and increasing withσ; this
implies that if a firm is granted with tax holidays and its allowed de-
preciation rate for tax purposes is equal to its economic rate (i.e.,δ1 =
δ2), then the firm’s value will be higher if capital assets either are
long-lived (δ1 is lower) or yield a return that is more volatile (σ is
higher).

Now I examine the firm’s investment decision. If the firm’s option
to invest is also completely irreversible, then its value of the option to
invest,F(P(t)), will be given by the following (see the appendix):
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F P t AP t( ( )) ( )= β1, (7)

whereA is a constant to be determined. The interaction of uncertainty
and irreversibility suggests that the firm faces an impulsive control
problem (Harrison, Sellke, and Taylor 1983). Consequently, the firm
should exercise the project immediately as the output price reaches a
critical valueP*( t). At this critical level, two optimal conditions must
be satisfied (Merton 1973). First,

F P t V P t hV P t T k( *( )) ( *( )) ( *( ), )= − −1 2 . (8)

Equation (8) indicates that upon investing, the firm’s net gain from in-
vesting, the terms on the right-hand side, should be equal to its option
value from delaying investment, the term on the left-hand side.
Second,

∂
∂

=
∂

∂
−

∂
∂

F P t

P t

V P t

P t
h

V P t T

P t

( *( ))

( )

( *( ))

( )

( *( ), )

( )

1 2 . (9)

Equation (9) indicates that at the point of investing, the marginal gain
from investing should be equal to that from awaiting to prevent arbi-
trage opportunities. Note that I use the operating region (i.e.,P(t) ≥ w+
δ1k) when I plugV1(P(t)) in equation (6) into equations (8) and (9) be-
cause a rational firm will not incur the investment cost only to keep the
project idle. In addition, forP*( t) to be unique, it is also required that
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P t
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P t( )2
.

(10)

Multiplying equation (9) byP*( t)/b1 and then subtracting the re-
sult from equation (8) and using equations (4), (5), (6), and (7) yields
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Equation (11) can beused to examine the stimulus effect of tax in-
centives. Implicitly differentiating equation (11) with respect toT
yields the following results: A longer tax holiday will discourage in-
vestment if

hC P t T hC P t T
T

2 2

1

( *( ), ) ( *( ), )
( )

<
ε
β

, (12)

whereε(τ) =¶lnC(P*( t), τ)/¶lnP(t) is the elasticity of the call option
C(P*( t), τ) with respect toP(t) evaluated atP(t) = P*( t). A longer tax
holiday results in the deference of tax bills, thus raising the value of in-
vesting immediately, as shown by the term on the left-hand side of
equation (12). On the other hand, a longer tax holiday also makes a
firm more flexibly wait and learn more about demand conditions
while still being able to invest and earn profits before tax holidays ex-
pire, thus raising the option value from delaying investment; this ef-
fect is shown by the term on the right-hand side of equation (12). A
longer tax holiday will discourage investment if the option value from
delaying investment is raised by more than the value of investing im-
mediately, as suggested by Result 1.

Result 1. An increase in the duration of tax holiday,T, may paradoxically
discourage investment by raising the critical level of output prices that
triggers investment,P*( t).

I relate equation (12) to both the risk of the investment project (σ)
and the economic depreciation rate (δ1) to gain more insight about Re-
sult 1. First, equation (12) will not hold under perfect foresight (σ = 0)
but will be more likely to hold ifσ is very high; with perfect foresight,
equation (12) would never be satisfied becauseb1 will then approach
infinity, bute(T) will remain finite. This accords to intuition: Under
perfect foresight, as the tax holiday lasts longer, then a firm’s value of
investing immediately will be raised by more than will be its value
from delaying investment. In contrast, the condition in equation (12)
may hold when uncertainty interacts with tax holidays. This is be-
cause a firm’s future payoff, which is truncated below at zero, is analo-
gous to a financial call option so that the value of this payoff is increas-
ing with risk. As a result, as the tax holiday lasts longer, the firm’s

Jou / IRREVERSIBLE INVESTMENT DECISIONS 73



value from delaying investment is possibly raised by more than its
value of investing immediately if the investment project is veryrisky.
Second, without accelerated depreciation allowances(i.e.,δ1 = δ2),
equation (12) will then be more likely to hold if capital depreciates
faster. This accords to intuition: A firm has more flexibility to delay in-
vestment under a longer tax holiday, and this increasing flexibility
should be more important for a firm with short-lived than a firm with
long-lived assets.

Implicitly differentiating equation (11) with respect toh yields the
following results: A higher corporate income tax rate will encourage
investment if

− > −
+

∞

+

∞
∫ ∫t T t T

C P t d C P t d2 2

1

( *( ), ) ( *( ), )
( )

τ τ τ
ε τ
β

τ. (13)

A higher tax rate reduces a firm’s value of investing immediately be-
cause the firm needs to pay more taxes after tax holidays expire, as
suggested by the term on the left-hand side of equation (13). On the
other hand, a higher tax rate also reduces a firm’s value from delaying
investment, as suggested by the term on the right-hand side of equa-
tion (13); this is both because a firm’s future flow profit is increasing
with its risk and because a higher share of risky assets is taken by the
government. A higher corporate tax rate will encourage investment if
the firm’s value of investing immediately is reduced by less than its
option value from delaying investment. This idea is captured by Re-
sult 2, which is similar to that in MacKie-Mason (1990).

Result 2. An increase in the corporate income tax rate,h, may paradoxi-
cally encourage investment by reducing the critical level of output
prices that triggers investment.

Both equations (12) and (13) are closely related to each other; equa-
tion (12) indicates that a longer tax holiday will discourage investment
if the elasticity with respect toP(t) of the call option expired at datet +
T is greater thanβ1. In contrast, equation (13) shows that a higher tax
rate will encourage investment if the elasticities with respect toP(t) of
all the call options with maturity dates longer thant + T are greater
thanβ1. Equations (12) and (13) do not imply each other. However,
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when equation (12) holds, equation (13) is also likely to hold, thus im-
plying the following two results: First, if capital assets are short-lived,
then a higher corporate tax rate will be more likely to encourage in-
vestment. This is because a higher corporate tax rate after the tax holi-
day expires should encourage a firm to make short-lived investments
immediately and earn the resulting profits during the holiday, when
they are untaxed. In contrast, a firm might be discouraged to make
long-lived investments because much of the profits will occur after the
holiday expires and will therefore be taxed at a higher rate. Second, if
the investment project yields a return that is very volatile, a higher cor-
porate tax rate will be more likely to encourage investment. This is be-
cause a firm’s future payoff is more valuable if its investment project is
more risky. When the firm undertakes a more risky project immedi-
ately, then the firm will be able to earn the resulting profits during the
holiday, thus compensating its lower share of risky assets after the
holiday expires.

NUMERICAL ANALYSIS

I demonstrate the results in the last section by numerical examples.
Operating costs can be viewed as labor costs, whereas the sum of in-
terest and maintenance costs can be viewed as capital costs. Conse-
quently, it is plausible to imposew:(r + δ1)k= 2:1. I incorporate this re-
quirement and choose a set of benchmark parameters, with parameter
valuesr = 5% per year,δ0 = 5% per year,s= 20% per year,δ1 = δ2 = 5%
per year,h = 0.25,k = 10,w = 2, andT = 5.6 For this benchmark case,
P*( t) = 4.88. For comparison, note that if all parameters are held at
their benchmark values except thath is replaced by zero, thenP*( t) =
4.50, which is 1.5 times the Marshallian full cost, that is,w+ (r + δ1)k=
3.0. This indicates that due to the interaction of uncertainty and irre-
versibility, a firm will not invest until the rate of return is 50% above its
normal rate.

Figure 1 depicts the effects of changes in the duration of tax holi-
days (T) up to 20 years on the critical level of output prices that trig-
gers investment (P*( t)), when eitherσ or δ1 = δ2 changes around its
benchmark parameter values, whereas the other parameters are held at
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their benchmark values. Figure 1 shows that investment will be dis-
couraged (P*( t) is higher) as capital assets either are short-lived (δ1 =
δ2 is higher) or yield a return that is more volatile (σ is higher); in the
former case, the option value from delaying investment is reduced by
less than is the value from investing immediately. In the latter case, the
option value from delaying investment is increased by more than the
value of investing immediately. Furthermore, when the tax holiday
lasts less than 3 years, a longer tax holiday (T is higher) may discour-
age investment, which accords to Result 1. This happens when either
capital is depreciating at 15% per year or the volatility of the growth
rate of output prices is 30% per year; this indicates that if either capital
assets are short-lived or demand is very volatile, a longer tax holiday
not only results in more tax revenue losses but also fails to stimulate
investment.

Figure 2 depicts the effects of changes in corporate tax rates from
0% to 50% on the critical level of output prices that triggers invest-
ment when eitherσ or δ1 = δ2 changes, whereas the other parameters
are held at their benchmark values. The paradox finding in Result 2,
which states that a higher corporate tax rate may encourage invest-
ment, does not occur in Figure 2; this suggests that for capital assets
that either are short-lived or yield a return that is very volatile, a higher
corporate tax rate still discourages investment because the value of in-
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vesting immediately is still reduced by more than is the option value
from delaying investment.

CONCLUDING REMARKS

This article adopts the real options approach to examine the effect
of a tax holiday on a firm’s incentive to invest. The main finding is ap-
pealing: A more generous tax incentive, either a longer tax holiday or
a lower corporate tax rate, not only results in more tax revenue losses
but may also fail to stimulate investment. This is more likely to happen
if capital assets either are short-lived or yield a return that is very
volatile.

The model in this article can be extended in several ways. First, one
can capture supply uncertainty by either allowing the variable costw
or the investment costk to be stochastic (e.g., Dixit and Pindyck 1994,
chap. 6). Second, one can assume that the investment costs are par-
tially rather than fully sunk such that a firm can disinvest as well as in-
vest (Dixit 1989). Finally, one can incorporate the taxation on direct
foreign investment (e.g., Mintz and Tsiopoulos 1994). These exten-
sions deserve attention but should not significantly affect the main
finding of this article.
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APPENDIX

I follow Pindyck (1988, appendix) to derive both the firm’s pretax investment
value,V1(P(t)) in equation (6), and its option value to invest,F(P(t)) in equation (7).
Suppose that a project produces one unit of output per period with a stochastic price
P(t) while incurring the costw+ δ1k. The project can be temporarily shut down ifP(t)
falls beloww + δ1k. To value this project, let us create a portfolioΦ(t) that is long the
project and short∂V1(P(t))/¶(P(t) units of the output or, equivalently, the asset or
portfolio of assets perfectly correlated withP(t). Because the expected growth rate of
P(t) is onlyµP, the short position requires a paymentδ0P(t)(∂V1(t)/¶(P(t)) per unit of
time. The value of this portfolio is

Φ( ) ( )
( )

( )
( )t V t

V t

P t
P t= −

∂
∂1

1 , (A1)

and its instantaneous return is

dV t
V t

P t
dP t P t

V t

P t
dt j P t1

1
0

1( )
( )

( )
( ) ( )

( )

( )
[ (−

∂
∂

−
∂
∂

+ ⋅δ ) ]− −w kδ1 . (A2)

The last term in equation (A2) is the cash flow from the project;j is a switching vari-
able:j = 1 if P(t) ≥ w + δ1k, andj = 0 otherwise.

According to Itô’s lemma,

dV t
V t

P t
dP t

V t

P t
dP t1

1
2

1
2

21

2
( )

( )

( )
( )

( )

( )
( ( ))=

∂
∂

+
∂
∂

.
(A3)

We can substitute equation (1) fordP(t) as well as (dP(t))2 = σ2P(t)2dt into equation
(A3). Because the return in equation (A1) is risk-less, we can equate

r t dt rV t r
V t

P t
P t dtΦ( ) ( )

( )

( )
( )= −

∂
∂







1

1 (A4)

to the instantaneous return in equation (A2), thus yielding the differential equation

1

2

2 2
2

1
2 0

1σ δP t
V t

P t
r P t

V t

P t

j P

( )
( )

( )
( ) ( )

( )

( )

[ (

∂
∂

+ −
∂
∂

+ ⋅ t w k rV t) ] ( ) .− − − =δ1 1 0

(A5)

78 PUBLIC FINANCE REVIEW



The solution forV1(P(t)) in equation (A5) must be satisfied by the following boundary
equation:

V1 0 0( ) = , (A6)

V P t
P t w k

r
P t1

0

1( ( ))
( )

( )→ ∞ = −
+

δ
δ (A7)

and

∂
∂ δ
V P t

P t

1

0

1( ( ))

( )
.P(t)→ ∞ =

(A8)

Furthermore,V1(P(t)) must be continuously differentiable at theswitch pointP(t) =
w + δ1k.

The complementary and particular solutions from the homogeneous and nonho-
mogeneous parts in equation (A5) can be derived as follows. First, pluggingV1(P(t)) =
P(t)β into the homogeneous part in equation (A5) yields

σ
β β δ β

2

0
2

1 0( ) ( )− + − − =r r .
(A9)

Suppose that the larger and smaller roots in equation (A9) are denoted byβ1 andβ2, re-
spectively, whereβ1 > 1 andβ2 < 0. Note thatδ0 is required to be positive forV1(P(t)) to
be convergent. Second, the sum of the two terms on the right-hand side of equation
(A7) is the particular solution forV1(P(t)) whenP(t) ≥ w+ δ1k. Pooling all above infor-
mation yieldsV1(P(t)) as that shown by equation (6).

Following similar procedures as above and noting that the dividend for a waiting
firm is equal to zero yields the following differential equation that solves the firm’s
option value to invest,F(P(t)):
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2

2 2
2

2 0σ δP t
F P t

P t
r P t

F P t

P t
r( )

( ( ))

( )
( ) ( )

( ( ))

( )

∂
∂

+ −
∂

∂
− F P t( ( )) = 0. (A10)

F(P(t)) must be satisfied in the following boundary conditions:

F( )0 0= , (A11)

thus yieldingF(P(t)), as that shown by equation (7).
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NOTES

1. Some studies focus on how an optimal tax holiday policy is formed rather than the stimulus
effect of a tax holiday (e.g., Doyle and van Wijnebergen 1984; Wen 1992).

2. This differs from Mintz (1990) and Mintz and Tsiopoulos (1994), both who emphasize the
importance of the timing of depreciation allowances in determining the effective rates and the
cost of capital to firms that consider additional investment during the tax holiday.

3. Depreciation allowances may be in many forms, including declining balances, straight-
line depreciation, and accelerated depreciation (Mintz 1990). My assumption here is for obtain-
ing tractable solutions.

4. This contrasts with Stiglitz (1969), in which the taxable income with full-loss offsets will
never be equal to that without full-loss offsets.

5. If the firm’s output price cannot be spanned by existing assets, then the dynamic program-
ming analysis should be used to derive the formula (Pindyck 1988, appendix).

6. Both a tax holiday around 5 years and a corporate income tax rate around 25% are com-
monly adopted by many developing countries. Furthermore, the volatility of the growth rate of
the output price being around 20% is also common for many industries (Pindyck 1988, n.14).
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