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We consider the share-price dynamics in- 
duced by changes in technological progress 
(perhaps due to the introduction of a new tech- 
nology or institutional reforms) and the result- 
ant entry of firms. The focus is not so much in 
comparing the steady states before or after the 
change, but rather on the transitional dynamics 
of the industry or economy as it adjusts. The 
model is one with efficient markets and perfect 
foresight where fundamentals drive the stock- 
market value. Should we expect technological 
progress to lead only to increases in the level 
of the stockmarket (monotonic dynamics), or 
should we expect nonmonotonic behavior of 
boom followed by partial bust (a U-shaped or 
overshooting dynamic)? Is it possible to have 
share values falling even when the underlying 
technology is improving? 

We model a stylized monopolistic industry 
or economy in a continuous-time general- 
equilibrium setting with no uncertainty and per- 
fect foresight. We adopt a model of entry found 
in Sanghamitra Das and Satya P. Das (1997), 
Datta and Dixon (2000), and Marta Aloi and 
Dixon (2001), in which the cost of entry is 
increasing in the flow of entry (due to some 
congestion effect or other externality). The flow 
of entry is determined by an intertemporal ar- 
bitrage condition that equates the cost of entry 
with the present value of incumbency. This 
gives rise to a dynamic zero-profit condition: 
the present value of incumbents in each instant 
is equal to the cost of entry. 

We first consider the case of a step increase 
in the level of technology with no other un- 
derlying growth. When an unanticipated tech- 
nological improvement occurs, it causes a 

stock-market boom: there is a jump in the 
share value, the current profitability of incum- 
bents, and an increase in the flow of entry. 
However, eventually entry drives the profit 
level back to zero, and shares decline back to 
the initial value. The initial boom is followed 
by a bust. 

We next consider the case of an economy 
with constant exponential technology growth. 
What happens when the pace of technological 
change unexpectedly increases? There is an 
upward jump in the stock-market value of 
firms. This can overshoot the new balanced- 
growth path, with the possibility that there 
will be a U-shaped dynamic: the initial boom 
is followed by a slump before tracking back 
to the higher growth rate. If the initial jump 
overshoots the new balanced-growth path, 
there is a downward pull of share prices to- 
ward the new balanced-growth path, which 
may dominate. 

This stock-market behavior reflects the be- 
havior of entry: after an initial rush, there is a 
temporary slowdown before eventually getting 
back on track. A similar pattern can occur if the 
change is anticipated. We believe that this 
might be some part of the explanation of the 
behavior of the stock market in the late 1990's 
(although real life is much more complicated 
[see Jeremy Greenwood and Boyan Jovanovic, 
1999]). The initial technological change causes 
a bonanza of profitable investment opportuni- 
ties, resulting in high profits for incumbents and 
many new firms being set up. The increase in 
entry reduces profitability, and this may cause 
the flow of entry to reduce, if only in the short 
run. Finally, however, the long-run growth op- 
portunities begin to come through, and the 
economy gets onto the new higher growth path. 

I. Entry, Profits, and Share Valuation 

We first introduce the basic model of entry 
developed, which presents the dynamic zero- 
profit entry condition which in turn relates the 
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flow of entry to current profitability, stock- 
market valuation, and changes in market valu- 
ation. There is a monopolistic industry with a 
continuum of n firms. Profits per firm Xr is taken 
to be a function of the number of firms n and a 
technology parameter a: X- = 4r(n, a), where 
Ira > 0 > Tn . We can define the zero-profit 
number of firms as an implicit function of a, 
n*(a), with ir(n*, a) = 0 and dn*lda > 0. 

The entry model here is as simple as possible. 
Following Datta and Dixon (2000) and Das and 
Das (1997), we assume that at each instant t 
there is flow cost of entry q(t), which is assumed 
to be proportional to entry flow n: q = vn (v > 0). 
This is based on the notion that there is a conges- 
tion effect: when more firms are being set up, the 
cost of setting up is higher. This might be because 
of a direct externality in the setting up of new 
firms, or due to the fixed supply of some factor 
involved in the creation of new firms (some spe- 
cialized human capital or other input). 

The flow of entry in each instant is deter- 
mined by an arbitrage condition. There is some 
fixed return of r available elsewhere (this could 
be a government bond). The arbitrage condition 
requires that the return on investing a dollar in 
setting up a new firm is equal to r: 

(1) (n, a) + 
(1) +-=r 

q q 

The left-hand side represents the return to in- 
vesting a dollar in setting up a new firm. The 
first term is the price of a new firm (the number 
of firms per dollar, l/q) times the flow operat- 
ing profits the firm will make if it sets up. The 
second term reflects the change in the cost of 
entry. If qlq > 0, then it means that the cost of 
entry is increasing, which encourages earlier 
entry; qlq < 0 implies that entry is becoming 
cheaper, thus discouraging early entry. 

We have two equations (entry cost and arbi- 
trage): this is a two dimensional system { n, q 1, 
where n is a state variable and q a jump vari- 
able. We represent this as a second-order dif- 
ferential equation in n: 

(2) vii-rv+irr(n,a)=0. 

If we know the explicit form of ir(n, ae), we can 
investigate solutions to equation (2) using nu- 
merical methods. Instead, we seek to find more 

general results with analytical solutions to the 
linearized system. 

A crucial feature of the entry model is that the 
dynamic arbitrage equation implies that the cost 
of entry q equals the net present value (NPV) of 
an incumbent firm at each instant. 

PROPOSITION 1: 

q(t) 7Tr(n(s), a (s))e-r(s-t) dt. 

This proposition creates the crucial link con- 
necting entry, technology, and the stock-market 
value of firms in the industry. In an efficient 
stock market the value of firm shares will be 
equal to q in each instant. We can trace the 
dynamics of share prices and how they respond 
to technological innovations through q. We thus 
have an intertemporal zero-profit entry condi- 
tion: the expected profits of any entrant at any 
time are zero. If this were not so, firms could 
revise the timing of their entry to coincide with 
entry when it is profitable. 

II. Step Change in Technology 

First we analyze the case where a is a constant: 
a(t) = o. There is a steady state at n*(o), so we 
can linearize around this steady state to obtain a 
linear nonhomogeneous second-order differential 
equation with eigenvalues Aj: 

(3) n-rn +-n -n 
v v 

r (r\2irn 
(4) Ax=- 2 + - -. 2 \\ 2/v 

Clearly, since wir < 0, one eigenvalue is stable 
(A < 0), and one unstable (A + > 0), so that the 
steady state is saddle-path stable. 

In the infinite-horizon case, we will want to 
rule out explosive paths, so we can define the 
solution in terms of the stable eigenvalue A: 

(5) n(t) = n* + (nO -n*)eA' 

q(t) = A(no - n*)e"t 

where A defines the speed of convergence to the 
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FIGURE 1. UNANTICIPATED TECHNOLOGY IMPROVEMENT 

steady state. When v 0 O, then there is a very 
small adjustment cost, and the system con- 
verges rapidly to the steady state [from equation 
(4), A becomes large]. When v is very large, A 
becomes close to zero, and convergence is very 
slow. Hence, the two cases of instantaneous 
entry (v = 0) and fixed n (v = oo) are limiting 
cases of this entry process. 

We will now look at a permanent unantici- 
pated improvement in technology. Let a be a 
shift variable that can either be a1 or a2 with 
a, < a2, with corresponding free-entry (and 
steady-state) values n* > n*. At t = 0 the 
system is in steady state with nO = n*. There is 
a permanent increase at t = T from a1 to a2. In 
this case, the q = 0 line shifts rightward in { n, 
q I space, and there is a new saddle path passing 
through the new steady state n2. The dynamics 
are depicted in Figure 1: q jumps to the new 
saddle path, from 0 to q(T). There is a positive 
flow of new firms into the industry, and the 
stock of firms increases toward the new equi- 
librium. The jump in q reflects the positive 
profits of the incumbents over the path to equi- 
librium: incumbents at t = 0 are able to earn 

positive profits throughout the adjustment path 
to the new equilibrium at n2. Since the flow of 
profits falls over time, so does q. 

The important point to note here is that share- 
price dynamics reflect both the technology and 
the entry process. Share prices overshoot the 
steady state, and bust follows boom as entry 
responds to technological advance. 

III. Entry and Technological Growth 

Next we analyze the dynamics of entry and 
stock-market valuation when a grows at an ex- 
ponential rate d: a(t) = aoeedt. For simplicity 
we adopt the linear functional form rr = a - n 
so that n* = a and irn = -1: this can either 
be viewed as a linear approximation or as de- 
rived from an explicit model (see Datta and 
Dixon, 2001 [appendix]). The dynamic system 
can be written as a linear second-order differ- 
ential equation with a time-varying constant: 

1 1 
(6) ni- rnl-- n =--oted v v 

The general solution to the homogeneous equa- 
tion takes the standard form, with eigenvalues 
as given by equation (4). A particular solution 
n(t) for the nonhomogeneous equation is 

(7) n(t) = + vd(r-d) a(t). 

We assume that r > d, a sufficient condition for 
the NPV of profits to be defined. The particular 
solution grows at a constant rate d and involves 
strictly positive profits when vd > 0, since the 
number of firms is less than the zero-profit 
number. If v = 0, then we have the instantaneous- 
entry case, with nh(t) = n*(t) = a(t) at each 
instant. Along the particular solution, the share 
price is q(t) = vdnh(t). Note that an increase in 
the rate of growth of technological progress 
always causes the particular solution to the 
share price to increase. 

Combining the general solution of the homoge- 
neous linear second-order differential equation 
with the particular solution yields the general 
solution to the nonhomogeneous second-order 
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differential equation: n(t) = nh(t) + AjeXt + 
A2eX '. Ruling out explosive paths implies 
A2 = 0, and the initial condition for n(O) = 
n(O) yields A1 = no -n(): 

(8) n(t) = nh(t) + [nO -n(0)eAt 

q(t) = vdn(t) + Xv[no - n(O)]eAt. 

There is a balanced-growth path, nh(t), which 
grows exponentially. At the beginning, there is 
an initial deviation from the balanced-growth 
path. The equilibrium solution involves the de- 
viation from the balanced-growth path dimin- 
ishing over time. The speed of convergence is 
governed by the size of A, which is in turn 
determined by v. 

Let us consider what happens if at some time 
T there is an unanticipated but permanent in- 
crease in the rate of technological progress, 
from d ' 0 to d' > 0, with corresponding 
particular solutions nh(t) and n2(t). Before T, 
the economy is following its balanced-growth 
path: n(t) = h1(t). The dynamics for t ' T are 

n(t) = n2(t) + [nh(T) -n2(T)]e" 

q(t) = vdn2(t) + Av[nh(T) -n2(T)]eA 

We now turn to the question of whether the 
change in the value of firms q(t) can be non- 
monotonic after T, displaying a U-shaped dy- 
namic. In particular, immediately after T the 
rate of change in the share-price is given by 

(9) q(7I) = vd '2n2(T) ? A2v[n h(T) -2(T)]. 

An increase in the rate of technological growth 
means that the underlying growth is faster (re- 
flected in the balanced-growth path): this is 
captured in the first term on the right-hand side 
of equation (9). However, there is also the pull 
toward the balanced-growth path, reflected in 
the second right-hand-side term: if this pull is 
downward, then it can outweigh the underlying 
trend. 

PROPOSITION 2: U-shaped share-price dy- 
namics, { d' > d - 0 }, are as follows: 

(a) Let d = 0. Then, there exists d such that 
for d' < d, q(T) < 0. 

q(t)= ql(t 

T Time 

FIGURE 2. U-SHAPED SHARE-PRICE DYNAMICS 

(b) Let d' < d. Then, there exists d such that 
for d < d, q(T) < 0. 

(c) If r(d' - d) + (d2 - d'2) - 0, then 
q(T) > 0. 

Part (a) of Proposition 2 says that, if we start 
from a situation of no growth, d = 0, then a 
small increase to d' < d will lead to a U- 
shaped dynamic as in Figure 2. A corollary of 
this is part (b): given some small ex post growth 
rate d' < d, a small level of initial growth (d > 0) 
will also result in a U-shaped dynamic. Taken 
together, the first two parts of the proposition 
mean that, if the growth rates are not too large, 
then there will be U-shaped dynamics. This 
makes sense, since high growth rates of under- 
lying technology will tend to overpower any 
downward pull toward equilibrium. Part (c) 
gives a sufficient condition for there to be 
monotonic dynamics. Proposition 2 thus shows 
that both types of dynamic are possible in this 
setting. 

IV. Conclusion 

We have developed a simple model relating 
share valuation to entry and technological prog- 
ress. Even with efficient markets and perfect 
foresight, we find that there can be interesting 
transitional dynamics. We have focused on sit- 
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uations where technological improvement can 
coexist with declining share valuation, the pos- 
sibility of a short-run boom followed by a (pos- 
sibly temporary) bust. We believe that this 
provides a new perspective on the phenomenon 
that acts as an alternative to notions of specu- 
lative behavior and behavioral models. While 
our model is very stylized, it can form the basis 
for a more complicated model with uncertainty 
and other features. 

REFERENCES 

Aloi, Marta and Dixon, Huw D. "Entry Dynam- 
ics, Capacity Utilization and Productivity in 
a Dynamic Open Economy." University of 
Nottingham (United Kingdom) Discussion 
Paper No. 01/09, October 2001. 

Das, Sanghamitra and Das, Satya P. "Dynamics 
of Entry and Exit of Firms in the Presence of 
Entry Adjustment Costs." International Jour- 
nal of Industrial Organization, April 1997, 
15(2), pp. 217-41. 

Datta, Bipasa and Dixon, Huw D. "Endogenous 
Entry Dynamics in an Industry with Many 
Firms." Mimeo, University of York (United 
Kingdom), 2000. 

. "Technological Change, Entry, and 
Stock-Market Dynamics: An Analysis of 
Transition in a Monopolistic Industry." Uni- 
versity of York (United Kingdom) Discus- 
sion Paper No. 01/18, December 2001. 

Greenwood, Jeremy and Jovanovic, Boyan. "The 
Information-Technology Revolution and the 
Stock Market." American Economic Review, 
May 1999 (Papers and Proceedings), 89(2), 
pp. 116-22. 


	Article Contents
	p. 231
	p. 232
	p. 233
	p. 234
	p. 235

	Issue Table of Contents
	The American Economic Review, Vol. 92, No. 2, Papers and Proceedings of the One Hundred Fourteenth Annual Meeting of the American Economic Association (May, 2002), pp. i-viii+1-530+i-xxii
	Front Matter [pp. i-478]
	Editors' Introduction [p. vii]
	Foreword [p. viii]
	Richard T. Ely Lecture
	Prosperity and Depression [pp. 1-15]

	Great Depressions and Recoveries
	Policy-Driven Productivity in Chile and Mexico in the 1980's and 1990's [pp. 16-21]
	Accounting for the Great Depression [pp. 22-27]
	The U.S. and U.K. Great Depressions through the Lens of Neoclassical Growth Theory [pp. 28-32]

	Liquidity Shortages and Financial Crises
	A Dual Liquidity Model for Emerging Markets [pp. 33-37]
	Bank Bailouts and Aggregate Liquidity [pp. 38-41]
	Domestic and International Supply of Liquidity [pp. 42-45]
	Balance-Sheet Contagion [pp. 46-50]

	Frameworks for Monetary Economics
	Payment Arrangements and Inflation [pp. 51-57]
	Money: What's the Question and Why Should We Care about the Answer? [pp. 58-61]
	Evil Is the Root of All Money [pp. 62-66]
	Matching and Money [pp. 67-71]

	On Taylor Rules and Monetary Policy
	Chaotic Interest-Rate Rules [pp. 72-78]
	Taylor Rules in a Model That Satisfies the Natural-Rate Hypothesis [pp. 79-84]
	The Choice of an Inflation Target Range in a Small Open Economy [pp. 85-89]

	Asset Prices and Monetary Policy
	The Fed and Interest Rates: A High-Frequency Identification [pp. 90-95]
	The Natural Rate of Q [pp. 96-101]
	Inflation-Targeting, Exchange-Rate Pass-through, and Volatility [pp. 102-107]

	Monetary-Policy Rules in Practice
	The Fed and the New Economy [pp. 108-114]
	Monetary-Policy Rules and the Great Inflation [pp. 115-120]
	A Rehabilitation of Monetary Policy in the 1950's [pp. 121-127]

	Macroeconomics of Incomplete Markets
	Monetary Policy, Banking Crises, and the Friedman Rule [pp. 128-134]
	Excess Asset Returns with Limited Enforcement [pp. 135-140]
	Self-Insurance, Social Insurance, and the Optimum Quantity of Money [pp. 141-147]

	Economic Development across Time and Space
	The U.S. Technology Frontier [pp. 148-152]
	The U.S. Demographic Transition [pp. 153-159]
	The Role of Agriculture in Development [pp. 160-164]

	Feuds over Free Trade
	Interpreting the Tariff-Growth Correlation of the Late 19th Century [pp. 165-169]
	The Mystery of the Excess Trade (Balances) [pp. 170-174]
	Cost of Protection: Where Do We Stand? [pp. 175-179]
	Trade and Poverty in the Poor Countries [pp. 180-183]

	Technological Change
	Firm and Product Life Cycles and Firm Survival [pp. 184-190]
	The Decline of Cities and Inequality [pp. 191-197]
	The Q-Theory of Mergers [pp. 198-204]

	Intellectual Property: Do We Need It?
	The Economics of Copyright "Fair Use" in a Networked World [pp. 205-208]
	The Case against Intellectual Property [pp. 209-212]
	When Should We Use Intellectual Property Rights? [pp. 213-216]
	On the Supply of Creative Work: Evidence from the Movies [pp. 217-220]

	The Economics of Technology and Innovation
	150 Years of Patent Protection [pp. 221-225]
	Accounting for Innovation and Measuring Innovativeness: An Illustrative Framework and an Application [pp. 226-230]
	Technological Change, Entry, and Stock-Market Dynamics: An Analysis of Transition in a Monopolistic Industry [pp. 231-235]
	The Internet and International Trade in Services [pp. 236-240]

	Instability, Inequality, and Endogenous Clustering
	Explaining Diversity: Symmetry-Breaking in Complementarity Games [pp. 241-246]
	Spatial Agglomeration Dynamics [pp. 247-252]
	Is Equality Stable? [pp. 253-259]

	Bequests, Saving, and Wealth Inequality
	Inheritances and Wealth Inequality, 1989-1998 [pp. 260-264]
	Simulating the Transmission of Wealth Inequality [pp. 265-269]
	Wealth Inequality and Altruistic Bequests [pp. 270-273]
	The Importance of Bequests and Life-Cycle Saving in Capital Accumulation: A New Answer [pp. 274-278]

	The Consequences of Lowering the Cost of College
	The Behavioral and Distributional Implications of Aid for College [pp. 279-285]
	Semiparametric Reduced-Form Estimation of Tuition Subsidies [pp. 286-292]
	Financial Aid, Borrowing Constraints, and College Attendance: Evidence from Structural Estimates [pp. 293-297]

	Market Implications of Peer and Neighborhood Effects
	A Multinomial-Choice Model of Neighborhood Effects [pp. 298-303]
	Identifying Hedonic Models [pp. 304-309]
	On the Demographic Composition of Colleges and Universities in Market Equilibrium [pp. 310-314]

	Homeownership, Asset Accumulation, Black Banks, and Wealth in African-American Communities
	Asymmetric Information in Community Banking and Its Relationship to Credit-Market Discrimination [pp. 315-319]
	A Dream Deferred or Realized: The Impact of Public Policy on Fostering Black Homeownership in New York City throughout the 1990's [pp. 320-324]
	Cooperatives and Wealth Accumulation: Preliminary Analysis [pp. 325-329]
	Wealth: Asset-Accumulation Differences by Race: SCF Data, 1995 and 1998 [pp. 330-334]

	The Role of Nature versus Nurture in Determining Economic Outcomes
	A Foundation for Behavioral Economics [pp. 335-338]
	IQ and Income Inequality in a Sample of Sibling Pairs from Advantaged Family Backgrounds [pp. 339-343]
	The Nature and Nurture of Economic Outcomes [pp. 344-348]
	Wage Gains Associated with Height as a Form of Health Human Capital [pp. 349-353]

	Women, Children, and the Labor Market
	The Motherhood Wage Penalty: Which Mothers Pay It and Why? [pp. 354-358]
	Children and Household Income Packages: A Cross-National Analysis [pp. 359-362]
	Child Abuse and Abortion Availability [pp. 363-367]
	All in the Family: A Simultaneous Model of Parenting Style and Child Conduct [pp. 368-372]

	Evaluating Welfare Reform
	Labor Supply at the Extensive and Intensive Margins: The EITC, Welfare, and Hours Worked [pp. 373-379]
	Welfare, Employment, and Income: Evidence on the Effects of Benefit Reductions from California [pp. 380-384]
	The Behavioral Effects of Welfare Time Limits [pp. 385-389]

	Social-Security Reform
	The Wage Gap and Public Support for Social Security [pp. 390-395]
	Pension Reforms and the Opinions of European Citizens [pp. 396-401]
	Asset-Market Effects of the Baby Boom and Social-Security Reform [pp. 402-406]
	Intergenerational Risk-Sharing via Social Security When Financial Markets Are Incomplete [pp. 407-410]

	Capital-Income Taxation in the "New Economy"
	Taxation of Financial Services under a VAT [pp. 411-416]
	Capital-Income Taxation with Imperfect Competition [pp. 417-421]
	Exchange-Traded Funds: A New Investment Option for Taxable Investors [pp. 422-427]

	Contractual Theories of the Firm
	Modern Evidence on the Firm [pp. 428-432]
	Complexity, Flexibility, and the Make-or-Buy Decision [pp. 433-437]
	The Lens of Contract: Private Ordering [pp. 438-443]

	Teaching Microeconomic Principles
	Can Web Courses Replace the Classroom in Principles of Microeconomics? [pp. 444-448]
	Microeconomic Principles Teaching Tricks [pp. 449-453]
	Reconsidering Crucial Concepts in Micro Principles [pp. 454-458]
	The Economic Naturalist: Teaching Introductory Students How to Speak Economics [pp. 459-462]

	Promoting Economic Literacy in the Introductory Economics Course
	Use It or Lose It: Teaching Literacy in the Economics Principles Course [pp. 463-472]
	Promoting Economic Literacy: Panel Discussion [pp. 473-477]

	Proceedings of the One Hundred Fourteenth Annual Meeting [pp. 479-530]
	Back Matter [pp. i-xxii]





