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This paper revisits the debate about the appropriate differential equation that governs the
evolution of knowledge in models of endogenous growth. We argue that the assessment of the
appropriateness of an equation of motion should not only be based on its implications for the
future, but that it should also include its implications for the past. We maintain that the
evolution of knowledge is plausible if it satisfies two asymptotic conditions: Looking
forwards, infinite knowledge in finite time should be excluded, and looking backwards,
knowledge should vanish towards the beginning of time (but not before). Our key results
show that, generically, the behavior of the processes under scrutiny is either plausible in the
future and implausible in the past or vice versa, or implausible at both ends of the time line.
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Introduction

Most models of endogenous technological change posit a relationship that links the
change in aggregate technological knowledge to the level of existing knowledge and the
amount of human capital employed in research activity. The focus on steady states has
led many authors to depict this link by means of two particular differential equations.
The first variant has constant returns to the existing stock of knowledge in the creation
of new knowledge (see, e. g., Romer, 1990, Grossman and Helpman, 1991, and Aghion
and Howitt, 1992). In these models the level of research activity is endogenous, and it
reflects the extent to which the economy allocates its time-invariant labor endowment
to manufacturing and research. A second variant was developed by Jones (1995). He
assumes decreasing returns to the existing stock of knowledge in conjunction with
exponential population growth.
These variants are by no means universally accepted as an appropriate description of
the production of knowledge. For instance, critics like Solow (2000) have pointed to
the knife-edge character of the first variant. Indeed, with increasing returns, knowledge
becomes infinite in finite time; with decreasing returns, the growth of knowledge peters
out over time, precluding the possibility of steady-state growth. In a sense, Jones
(1995) responds to the latter criticism by showing that steady-state growth is possible
if exponential population growth acts as a countervailing force to decreasing returns.
This paper revisits the debate about the appropriate differential equation that governs the evolution of knowledge in models of endogenous growth. We argue that the
assessment of the appropriateness should not only be based on the forward-looking
properties of such an equation. Rather, we show that the analysis of the backwardlooking properties generates criteria that should be included in the overall assessment.
By including the past, this approach extends and tightens Solow’s critique, imposing
a further constraint on the set of plausible processes.
Our analysis is based on the insight that once we stipulate an “initial” value for the
level of knowledge, the solution to the chosen differential equation for knowledge determines its evolution for the time after and before the initial period. We may therefore
look forwards and backwards at the implied evolution of knowledge. Essentially, by
including the past, this approach deviates from the often encountered interpretation
of the initial condition, which is seen as a “historically given constant.” This interpretation tacitly assumes a structural break that must have occurred right before the
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initial period, such that the specified differential equation cannot account for how the
economy arrived at the stipulated initial value.
We take the view that a plausible description of the evolution of knowledge should satisfy two asymptotic conditions. Looking forwards, we follow Solow in maintaining that
infinite knowledge in finite time is impossible. Looking backwards, we require knowledge to vanish in the infinite past, but not in finite time. We call an evolution plausible
if it satisfies these criteria. Intuitively, these conditions may be seen as minimum requirements to exclude absurd evolutions of key economic magnitudes. For instance, if
we think of knowledge as an essential input in an aggregate Cobb-Douglas production
function, then the idea behind Solow’s criterion is that infinite per-capita income for a
strictly positive population must be unattainable in the finite future. For the past, we
add the requirement that per-capita income should vanish in the infinite past, yet not
before. Since the level of knowledge remains bounded away from zero, this stipulation
excludes an evolution where a small and vanishing population becomes tremendously
rich.2
The key result of our analysis is that standard equations for the evolution of knowledge used in the modern literature on endogenous growth satisfy these requirements
only under non-generic circumstances.3 Roughly speaking, a plausible evolution is
a probability-zero event. Moreover, we stress that, generically, the behavior of the
processes under scrutiny is either implausible in the past, or in the future, or both.
To build intuition, Section 2 starts off with the analysis of the first variant used in
the literature. We fully characterize and interpret the implied asymptotic evolution
of knowledge. For the case of decreasing returns, we show that knowledge must have
been zero in the finite past. Next, we show that this result remains valid for two more
elaborate processes of knowledge growth. First, in Section 3, we extend the analysis
to a scenario similar to Jones (1995) and allow for exogenous exponential population
2

Our stipulation that knowledge must approach zero in the infinite past limit is consistent with

the view that any species is born with some innate knowledge comprising basic rules of survival. If
the population of the species in question vanishes towards the beginning of time, so does knowledge.
3
Non-generic means that the set of parameters under which a phenomenon, behavior, or event
occurs has measure zero. In our case, given all other parameters of the model, there is only one initial
level of knowledge such that the evolution of knowledge is plausible. In other words, there is one
bogus degree of freedom: the set of plausible exogenous parameters has one dimension less than the
set of parameters itself.
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growth. We prove for generic sets of initial values that two scenarios can arise. Either zero-knowledge occurs in the finite past, or the level of knowledge remains strictly
positive throughout history. A plausible evolution of knowledge obtains only for a nongeneric set of initial values. Section 4 deals with the second extension and introduces
endogenous population growth in a Malthusian manner. More precisely, we reconsider Kremer’s (1993) setup and study the implications of his dynamical system when
time approaches the infinite past. We find that, generically, two scenarios occur that
share the key properties of the two scenarios we identified under exogenous population
growth. The first exhibits zero knowledge in the finite past; the second exhibits a positive level of knowledge even in the infinite past. Thus, for both scenarios, the evolution
of knowledge is implausible. Section 5 concludes. Proofs are in the Appendix.

2

Knowledge Growth

Consider the evolution of knowledge governed by the differential equation
Ȧ(t) = g A(t)φ ,

(1)

where g ∈ R++ , A(t) ∈ R+ , t ∈ R, and φ ∈ R++ .4 The algebraic solution to the initial
value problem with A(0) = A0 is
 
 1
 A0 1−φ + (1 − φ) g t 1−φ : φ 6= 1
A(t) =
 A exp(g t)
: φ = 1.
0

(2)

In addition, for A0 = 0 there is the trivial solution with A(t) = 0 for all t. Accordingly,
for this initial value the algebraic solution may not be unique. Consider the case φ < 1.
A look backwards leads to the insight that
A(t) = 0 for t = tc := −

A0 1−φ
,
(1 − φ) g

(3)

where tc is negative and finite. Observe that A(t) = 0 for all t ≤ tc . This follows
since A(t) > 0 for some t < tc would imply Ȧ(t) < 0 for some t < tc , which is
4

Throughout the analysis, we focus on φ > 0 and neglect the possibility of independence (φ = 0)

and of fishing-out (φ < 0). The latter turn out to generate straightforward dynamics that violate
what we call a plausible evolution. Detailed results for φ ≤ 0 are available from the authors upon
request.
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inconsistent with (1). Furthermore, negative knowledge is impossible. Thus, we have
zero knowledge at some finite tc < 0. Moreover, since knowledge cannot shrink below
zero, it must have been zero before date tc . As a consequence, an economy starting
before tc must have taken-off without knowledge.5
Proposition 1 Let technological knowledge evolve according to the differential equation (1) with A0 > 0.
1. If φ < 1, then the economy takes off from zero-knowledge in the finite past. In
the future, knowledge converges to infinity; its growth rate converges to zero.
2. If φ > 1, knowledge is always strictly positive; it vanishes only in the limit t →
−∞ and reaches infinity in the finite future.
3. If φ = 1, knowledge is always strictly positive; it vanishes only in the limit t →
−∞ and does not become infinite in the finite future.
Hence, for φ 6= 1, either knowledge is zero in the finite past and its path is not unique,
or Solow’s critique applies. A plausible evolution in the remote future includes an
implausible evolution in the remote past, and vice versa. A plausible evolution of
knowledge obtains only for the non-generic case φ = 1, for which equation (1) exhibits
exponential growth.

3

Knowledge and Exogenous Population Growth

This section follows Jones (1995) and replaces g in (1) by g(t) = γ N (t)λ , where γ,
λ > 0, and N (t) denotes population at time t. If n > 0 is the constant population
growth rate and N0 > 0 the initial population size, then the evolution of knowledge is
Ȧ(t) = γ N0 λ en λ t A(t)φ . Define g 0 := γ N0 λ and n0 := n λ, to simplify the latter to
0

Ȧ(t) = g 0 en t A(t)φ .
5

(4)

The phenomenon that the process of knowledge growth may spontaneously take off from a zero-

knowledge state implies an indeterminacy of its evolution, which is due to the missing Lipschitz
continuity of (1) at A = 0. Lipschitz continuity requires ∂ Ȧ/∂A to be finite. However, from (1) we
see that this expression becomes infinite as A → 0.
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The key question is whether this extension admits a plausible evolution of knowledge
for the generic case φ 6= 1. The differential equation (4) has the algebraic solution 6
 h
1
i 1−φ
g 0 (1 − φ) n0 t

 A0 1−φ +
: φ=
6 1
(e
−
1)
n0
A(t) =
(5)
 0


 A exp g (en0 t − 1)
: φ = 1.
0
n0
Again, we must add the trivial solution with A(t) = 0 at all times if A 0 = 0. Consider
the generic case φ 6= 1. Then, the term in squared brackets of (5) is zero if and only if
g0 0
0 = A0 1−φ + (1 − φ) 0 (en t − 1),
n

1
A0 1−φ n0 
t = tc := 0 ln 1 −
.
n
1 − φ g0

or equivalently
(6)

The latter extends (3) to the case n0 > 0. At t = tc , knowledge vanishes if φ < 1, and
it becomes infinite for φ > 1. If φ < 1, then tc < 0, and zero-knowledge may have
occurred in the past. If φ > 1, then tc > 0, and an infinite level of knowledge may be
reached in the future. However, tc need not be finite.
Let φ < 1. We deduce from (6) that tc is finite if and only if
0<1−

A0 1−φ n0
· ,
1 − φ g0

i. e.

λ A1−φ
0
n + φ < 1.
γ N0λ

(7)

Hence, φ < 1 is no longer sufficient for zero-knowledge to occur in the finite past.
What is needed in addition is moderate population growth. The intuition is as follows.
Looking backwards from period t = 0 the stock of knowledge must decline. According
to (4), the decline grinds to a halt if either the level of knowledge or population vanishes.
Condition (7) assures us that population does not shrink too fast relative to the decline
of knowledge for given initial conditions and technological parameters.7
If n0 violates condition (7), then knowledge is not zero in the finite past. While this
case does not exhibit the indeterminacy problem, it gives rise to another remarkable
property. Generically, if knowledge is not zero in the finite past, then it must have
always existed, even in the limit (thus at a vanishing population), i. e.
1
h
(1 − φ) g 0 i 1−φ
lim A(t) = A0 1−φ −
> 0.
t→−∞
n0
6

(8)

The solution follows from the fact that (4) is a Bernoulli equation that can be solved by appropriate

substitution (see, e. g., Gandolfo, 1997, p. 436).
7
As before, at A(t) = 0 the evolution of knowledge is ambiguous, which can be traced back to a
violation of Lipschitz continuity.
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In other words, knowledge was around before man. As a consequence, we obtain a
plausible evolution of knowledge only in the non-generic case, where (7) holds as an
equality. Here, the path of knowledge is exponential with limt→−∞ A(t) = 0; knowledge
and man disappear “contemporaneously” in the infinite past. Equipped with these
intuitions, the following proposition states and proves all possible asymptotic cases.

Proposition 2 Let technological knowledge evolve according to the differential equation (4) with A0 > 0.
1. If φ < 1, then in the past either
(a) the economy takes off from zero-knowledge in finite time,
(b) knowledge converges to a strictly positive level, or
(c) knowledge converges to zero, but does not reach zero in finite time. This
evolution is non-generic.
Furthermore, in the future, knowledge converges to infinity and its growth rate to
a constant level.
2. If φ > 1, knowledge converges to a strictly positive level in the infinite past; it
becomes infinite in the finite future.
3. If φ = 1, knowledge converges to a strictly positive level in the infinite past; it
does not become infinite in the finite future.

Interestingly, a plausible evolution of knowledge no longer obtains for φ = 1 since
the presence of population growth prevents knowledge from disappearing in the limit
t → −∞. Essentially, a plausible evolution requires φ < 1 and a non-generic set of
initial conditions.8
8

The key findings of Proposition 2 hold true if we allow for multiple research inputs. Moreover,

they extend to a setting with depreciation of knowledge. Details are available from the authors.
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Knowledge and Endogenous Population Growth

Next, we add more flexibility to the evolution of population and revisit Kremer’s (1993)
setup, where knowledge and population are endogenous complementary state variables.
Does this setup generically allow for a plausible evolution of knowledge?
Following Kremer (1993), we consider the system
Ȧ = N λ Aφ
Ṅ = N f (y) with y = A N α−1 ,

(9)
(10)

where λ > 1, φ ∈ R++ , and α ∈ (0, 1). Here, y denotes per-capita income. Let
f (y) be continuous and monotonously increasing on y ∈ R++ with the Malthusian
feature f (y) > 0 iff y > ȳ for some ȳ > 0. The following proposition characterizes the
asymptotic behavior of knowledge for all admissible parameter constellations.
Proposition 3 Let technological knowledge evolve according to the system of differential equations (9) and (10) with A(0) = A0 > 0 and N (0) = N0 > 0.
1. If φ < 1, then in the past either
(a) the economy takes off from zero-knowledge in finite time,
(b) knowledge converges to a strictly positive level, or
(c) knowledge converges to zero, but does not reach zero in finite time. This
evolution is non-generic.
Furthermore, in the future, knowledge converges to infinity. However, its growth
rate does not converge.
2. If φ > 1, the economy always maintains a strictly positive level of knowledge and
reaches infinite knowledge in the finite future.
3. If φ = 1, knowledge is always strictly positive and does not become infinite in the
finite future. This evolution is non-generic.
According to Proposition 3, a plausible evolution of knowledge under endogenous,
Malthusian population growth can only obtain in cases 1c and 3. Both cases are nongeneric. To gain intuition for this finding, consider the phase-diagram of Figure 1, where
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N (t)
(a)

(b)
(c)

A(t)

Figure 1: The Trajectories of A and N .
the dotted curves indicate the locus where Ṅ = 0. Depending on the initial conditions
(A0 , N0 ) three types of trajectories may occur. For φ < 1, all trajectories of type (a)
and (b) imply an implausible asymptotic behavior of knowledge in the past. Along
type-(a) trajectories knowledge becomes zero in finite time. This is not obvious from
the phase-diagram, as N converges to ∞ at the same time. Along type-(b) trajectories
knowledge remains positive even in the limit t → −∞. Only the type-(c) trajectory
has the property that knowledge vanishes in this limit. Interestingly, these qualitative
properties are similar to those of case 1 in Proposition 2. A plausible evolution may
also obtain for φ = 1, if the economy is on a trajectory of type (a) or (c). Along these
paths, knowledge does not vanish in finite time. For φ > 1, trajectories are similar to
those of Figure 1, all three cases (a), (b) and (c) can occur. However, now knowledge
reaches infinity in the finite future – an implausible evolution.

5

Concluding Remarks

The equation of motion that governs the evolution of technological knowledge is an
essential part of the theory of endogenous growth. It is therefore important to understand the properties of the implied evolution. We argue that both the forward-looking
and the backward-looking properties are important in assessing the appropriateness of
a specific functional form. In particular, we claim that a plausible evolution should
never yield infinite or zero knowledge in finite time, but that zero knowledge should be
reached in the infinite past limit.
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As Solow suggests, the usual equation of motion generates an implausible evolution
of knowledge for φ > 1. When we look forwards, knowledge becomes unbounded in
finite time. Our results emphasize that, generically, implausible results also obtain for
φ < 1. Then, looking backwards, knowledge either vanishes already in the finite past,
or it does not even vanish in the limit.
Most dynamic models focus the discussion about stipulated differential equations on
their implications for the future. This paper stresses that dynamic models should also
apply to the past. Recognizing this fact helps to judge the plausibility of the assumed
equations from a theoretical point of view. While we remain at the macroeconomic
level, our results impose constraints on attempts to derive an equation of motion for
technological knowledge from microeconomic principles (see the pioneering contributions of Weizman (1998) and Olsson (2000, 2005)).
Our paper gives rise to further research questions. Since we point to a weakness of
most specifications of knowledge growth, one question concerns how to more satisfactorily specify an equation of motion. Several directions of research seem possible. For
instance, one may want to replace continuous-time models altogether and switch to
discrete-time models. Alternatively, one may introduce stochastic factors. Within our
analytical framework, one could try to modify the key differential equation itself. However, our results suggest that, generically, peculiarities in the past and in the future are
substitutes – processes that behave well in the future do badly in the past, and vice
versa. Finding the “right” equation may not be an easy task.

10
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Appendix

Proof of Proposition 1 For φ < 1, the asymptotic behavior for t → −∞ is explained in the main text. As to the limit t → −∞, we have from (2) that A(t) → ∞.
Moreover, since Ȧ(t)/A(t) = g/A(t)1−φ , this growth rate tends to zero. If φ > 1, then
we have limt→−∞ A(t) = 0, which is readily verified from (2). To see, that the level of
knowledge becomes infinite in finite time, consider (2) and find that
A(t) → ∞ iff t → tc :=

A0 1−φ
< ∞.
(φ − 1) g

For φ = 1, equation (1) exhibits exponential growth.



Proof of Proposition 2 For φ < 1, the asymptotic behavior for t → −∞ is
fully characterize in the main text. As to the limit t → ∞, we find from (5) that
0

limt→∞ A(t) = ∞. Moreover, A(t) ≈ (1 − φ) ng 0 en

0

t/(1−φ)

for t → ∞ such that the

growth rate converges to Ȧ(t)/A(t) → n0 /(1 − φ). This is, of course, Jones’ (1995)
steady-state growth rate. For φ > 1, one readily verifies from (5) that the asymptotic
behavior of knowledge for t → −∞ is as in (8). Looking forwards, infinite knowledge
is reached at date tc < ∞. This follows since 0 < 1 + A0 1−φ n0 /((φ − 1) g 0 ). Hence,
form (6) the term in squared brackets in (5) is zero for a finite tc .
For φ = 1, the asymptotic behavior of knowledge is similar to the case φ > 1. From
(5) we obtain limt→−∞ A(t) = A0 exp(−g 0 /n0 ) and limt→∞ A(t) = ∞.



Proof of Proposition 3 We start with the simpler cases 2 and 3. Recall that the
statements of Proposition 2 for φ > 1 and φ = 1 hold true for any population size and
population growth rate. Hence, these statements hold also true under the assumptions
of Proposition 3.
Next, we turn to the proof of case 1. Since A is monotonous the path of knowledge
exhibits either (i) limt→−∞ A = 0 and A(tc ) = 0 for a finite tc , or (ii) limt→−∞ A =
Ā > 0, or (iii) limt→−∞ A = 0 and A(t) > 0 for all t. The remainder of the proof
proceeds in proving the following three claims.
Claim 1 consists of three parts. First, if A evolves as in (i), then limt→−∞ N = ∞.
Second, if A evolves as in (ii), then limt→−∞ N = 0. Third, if A evolves as in (iii),
limt→−∞ N = 0.
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Claim 2. Case 3 is non-generic. Therefore, case 1c not generic either.
Claim 3. The growth rate of A does not converge generically.
Proof of Claim 1: Since the limit of A and N for t → −∞ is either zero, positive
and finite, or infinite, we have to consider nine cases. ¿From (9), we deduce that Ȧ ≥ 0
for all t. Hence, limt→−∞ A = ∞ is impossible. This reduces the number of possible
cases to six: The limit of A may be zero, or positive and finite, and the limit of N may
be zero, positive and finite, or infinite. Each of the following three cases (iv), (v) and
(vi) leads to a contradiction and can therefore be discarded.
Case (iv) with properties limt→−∞ A = Ā ∈ R++ and limt→−∞ N = ∞: From (9), A
is monotonous. Hence limt→−∞ A = Ā implies limt→−∞ Ȧ = 0. However,
lim Ȧ = lim N λ Aφ = Āφ lim N λ = Āφ · ∞ > 0,

t→−∞

t→−∞

t→−∞

which is a contradiction. Case (v) with limt→−∞ A = Ā ∈ R++ and limt→−∞ N = N̄ ∈
R++ : The proof is analogous to case (iv). Case (vi) limt→−∞ A = 0 and limt→−∞ N =
N̄ ∈ R++ : From (10), limt→−∞ y = limt→−∞ A N α−1 = N̄ α−1 limt→−∞ A = 0. This
implies limt→−∞ f (y) < 0. Thus, in the limit Ṅ = N f (y) < 0, N is monotonous,
and limt→−∞ N = N̄ implies limt→−∞ Ṅ = 0. Hence, limt→−∞ n = 0 is necessary, but
contradictory to limt→−∞ n = limt→−∞ f (y) < 0. The remaining three cases are (i),
(ii) and (iii) from above.



Proof of Claim 2: Since we are only interested in the shape of the (A, N )-trajectories
and not in the speed of the evolution, we eliminate time from equations (9) and (10)
and obtain
∂N ∂t
∂N  ∂A −1 N f (A N α−1 )
∂N
= N 1−λ A−φ f (A N α−1 ) =: g(A, N ).
=
=
=
∂A
∂t ∂A
∂t ∂t
N λ Aφ
The differential equation ∂N/∂A = g(A, N ) characterizes the shape of a trajectory as
a function N (A). If we can show that only one trajectory starts in the origin, then
we know that for any A0 , there is only one N0 such that the limit t → −∞ for both
variables is zero, hence the case is non-generic. Unfortunately, ∂N/∂A is not welldefined in the origin. Therefore, we cannot examine Lipschitz continuity (otherwise we
would know that the initial value problem starting in the origin has a unique solution;
as a consequence, the trajectory would have dimension one, and the proof would be
complete). Instead, we show that gN (A, N ) is negative. As a result, any two solutions
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to an initial value problem should converge for rising A. However, if several trajectories
started in the origin, they would have to diverge at least at some point, thus leading
to a contradiction. We have
gN (A, N ) = (1 − λ) N −λ A−φ f (A N α−1 ) + (α − 1) N α−λ−1 A1−φ f 0 (A N α−1 )


= N −(1+λ) A−φ (1 − λ) N f (A N α−1 ) − (1 − α) A N α f 0 (A N α−1 ) .
Because λ > 1 and α < 1, the proof is complete if we can show that f (A N α−1 ) > 0.
Hence, population growth must be strictly positive. Assume for the moment that
f (A N α−1 ) < 0, then as a consequence Ṅ < 0, but Ȧ > 0 (this is always true). Therefore, a logical second before, population must have been even larger, knowledge even
smaller, and per-capita income even lower. As a result, Ṅ is negative for every point in
time before. Hence, the trajectory cannot pass through the origin. Consequently, we
have f (A N α−1 ) > 0 on every trajectory that starts in the origin. Hence, gN (A, N ) < 0
on every such trajectory, and, therefore, there is only one such trajectory.
Note that λ > 1 is a sufficient criterium, albeit not a necessary criterium. A tighter
(but still not necessary) condition is gN (A, N ) < 0 if (1−λ) f (A N α−1 )−(1−α) A N α−1 ·
f 0 (A N α−1 ) < 0, i. e. if (1 − λ) f (y) − (1 − α) y f 0 (y) < 0, i. e. if ∂f (y)/∂y · y/f (y) >
(1 − λ)/(1 − α). Hence if λ < 1, the elasticity of population growth with respect to
per capita income must be small enough.



Proof of Claim 3: Assume that knowledge reaches a steady state, i. e. A ∼ exp(a t).
Then, from (9), a = Ȧ/A = N λ Aφ−1 , and N grows at rate n = a (φ − 1)/λ. However,
from (10), N grows at rate n = Ṅ /N = f (y). As a consequence, y = f −1 (a (φ − 1)/λ)
is a constant. This leads to a contradiction since, y = A N α−1 and grows at rate
a + n (α − 1). Thus, unless we have the non-generic constellation a = n (1 − α), there
is no steady-state path for A.



On the Long-Run Evolution of Technological Knowledge

13

References
Aghion, P., and P. Howitt (1992): “A Model of Growth through Creative Destruction,” Econometrica, 60(2), 323–406.
Gandolfo, G. (1997): Economic Dynamics – Study Edition. Springer Verlag, Berlin
– Heidelberg.
Grossman, G. M., and E. Helpman (1991): Innovation and Growth in the Global
Economy. MIT Press, Cambridge, MA.
Jones, C. I. (1995): “R&D-Based Models of Economic Growth,” Journal of Political
Economy, 103(4), 759–784.
Kremer, M. (1993): “Population Growth and Technical Change: One Million B. C.
to 1990,” Quarterly Journal of Economics, 107(3), 681–716.
Olsson, O. (2000): “Knowledge as a Set in Idea Space: An Epistemological View on
Growth,” Journal of Economic Growth, 5(3), 253–276.
(2005): “Technological Opportunity and Growth,” Journal of Economic
Growth, 10(1), 31–53.
Romer, P. (1990): “Endogenous Technological Change,” Journal of Political Economy, 98(5), S71–S102.
Solow, R. M. (2000): Growth Theory: An Exposition. Oxford University Press,
Oxford, 2 edn.
Weizman, M. L. (1998): “Recombinant Growth,” Quarterly Journal of Economics,
113(2), 331–360.

CESifo Working Paper Series
(for full list see www.cesifo-group.de)
___________________________________________________________________________
1417 Samuel Mühlemann, Jürg Schweri, Rainer Winkelmann and Stefan C. Wolter, A
Structural Model of Demand for Apprentices. February 2005
1418 Giorgio Brunello and Lorenzo Rocco, Educational Standards in Private and Public
Schools, February 2005
1419 Alex Bryson, Lorenzo Cappellari and Claudio Lucifora, Why so Unhappy? The Effects
of Unionisation on Job Satisfaction, March 2005
1420 Annalisa Luporini, Relative Performance Evaluation in a Multi-Plant Firm, March 2005
1421 Giorgio Bellettini and Carlotta Berti Ceroni, When the Union Hurts the Workers: A
Positive Analysis of Immigration Policy, March 2005
1422 Pieter Gautier, Michael Svarer and Coen Teulings, Marriage and the City, March 2005
1423 Ingrid Ott and Stephen J. Turnovsky, Excludable and Non-Excludable Public Inputs:
Consequences for Economic Growth, March 2005
1424 Frederick van der Ploeg, Back to Keynes?, March 2005
1425 Stephane Dees, Filippo di Mauro, M. Hashem Pesaran and L. Vanessa Smith, Exploring
the International Linkages of the Euro Area: a Global VAR Analysis, March 2005
1426 Hans Pitlik, Friedrich Schneider and Harald Strotmann, Legislative Malapportionment
and the Politicization of Germany’s Intergovernmental Transfer System, March 2005
1427 Konstantinos Angelopoulos and Apostolis Philippopoulos, The Role of Government in
Anti-Social Redistributive Activities, March 2005
1428 Ansgar Belke and Daniel Gros, Asymmetries in the Trans-Atlantic Monetary Policy
Relationship: Does the ECB follow the Fed?, March 2005
1429 Sören Blomquist and Luca Micheletto, Optimal Redistributive Taxation when
Government’s and Agents’ Preferences Differ, March 2005
1430 Olof Åslund and Peter Fredriksson, Ethnic Enclaves and Welfare Cultures – QuasiExperimental Evidence, March 2005
1431 Paul De Grauwe, Roberto Dieci and Marianna Grimaldi, Fundamental and NonFundamental Equilibria in the Foreign Exchange Market. A Behavioural Finance
Framework, March 2005
1432 Peter Egger, Stefan Gruber, Mario Larch and Michael Pfaffermayr, Knowledge-Capital
Meets New Economic Geography, March 2005

1433 George Economides and Apostolis Philippopoulos, Should Green Governments Give
Priority to Environmental Policies over Growth-Enhancing Policies?, March 2005
1434 George W. Evans and Seppo Honkapohja, An Interview with Thomas J. Sargent, March
2005
1435 Helge Berger and Volker Nitsch, Zooming Out: The Trade Effect of the Euro in
Historical Perspective, March 2005
1436 Marc-Andreas Muendler, Rational Information Choice in Financial Market Equilibrium,
March 2005
1437 Martin Kolmar and Volker Meier, Intra-Generational Externalities and InterGenerational Transfers, March 2005
1438 M. Hashem Pesaran and Takashi Yamagata, Testing Slope Homogeneity in Large
Panels, March 2005
1439 Gjermund Nese and Odd Rune Straume, Industry Concentration and Strategic Trade
Policy in Successive Oligopoly, April 2005
1440 Tomer Blumkin and Efraim Sadka, A Case for Taxing Education, April 2005
1441 John Whalley, Globalization and Values, April 2005
1442 Denise L. Mauzerall, Babar Sultan, Namsoug Kim and David F. Bradford, Charging
NOx Emitters for Health Damages: An Exploratory Analysis, April 2005
1443 Britta Hamburg, Mathias Hoffmann and Joachim Keller, Consumption, Wealth and
Business Cycles in Germany, April 2005
1444 Kohei Daido and Hideshi Itoh, The Pygmalion Effect: An Agency Model with
Reference Dependent Preferences, April 2005
1445 John Whalley, Rationality, Irrationality and Economic Cognition, April 2005
1446 Henning Bohn, The Sustainability of Fiscal Policy in the United States, April 2005
1447 Torben M. Andersen, Is there a Role for an Active Fiscal Stabilization Policy? April
2005
1448 Hans Gersbach and Hans Haller, Bargaining Power and Equilibrium Consumption,
April 2005
1449 Jerome L. Stein, The Transition Economies: A NATREX Evaluation of Research, April
2005
1450 Raymond Riezman, John Whalley and Shunming Zhang, Metrics Capturing the Degree
to which Individual Economies are Globalized, April 2005

1451 Romain Ranciere, Aaron Tornell and Frank Westermann, Systemic Crises and Growth,
April 2005
1452 Plutarchos Sakellaris and Focco W. Vijselaar, Capital Quality Improvement and the
Sources of Growth in the Euro Area, April 2005
1453 Kevin Milligan and Michael Smart, Regional Grants as Pork Barrel Politics, April 2005
1454 Panu Poutvaara and Andreas Wagener, To Draft or not to Draft? Efficiency,
Generational Incidence, and Political Economy of Military Conscription, April 2005
1455 Maurice Kugler and Hillel Rapoport, Skilled Emigration, Business Networks and
Foreign Direct Investment, April 2005
1456 Yin-Wong Cheung and Eiji Fujii, Cross-Country Relative Price Volatility: Effects of
Market Structure, April 2005
1457 Margarita Katsimi and Thomas Moutos, Inequality and Relative Reliance on Tariffs:
Theory and Evidence, April 2005
1458 Monika Bütler, Olivia Huguenin and Federica Teppa, Why Forcing People to Save for
Retirement may Backfire, April 2005
1459 Jos Jansen, The Effects of Disclosure Regulation of an Innovative Firm, April 2005
1460 Helge Bennmarker, Kenneth Carling and Bertil Holmlund, Do Benefit Hikes Damage
Job Finding? Evidence from Swedish Unemployment Insurance Reforms, May 2005
1461 Steffen Huck, Kai A. Konrad and Wieland Müller, Merger without Cost Advantages,
May 2005
1462 Louis Eeckhoudt and Harris Schlesinger, Putting Risk in its Proper Place, May 2005
1463 Hui Huang, John Whalley and Shunming Zhang, Trade Liberalization in a Joint Spatial
Inter-Temporal Trade Model, May 2005
1464 Mikael Priks, Optimal Rent Extraction in Pre-Industrial England and France – Default
Risk and Monitoring Costs, May 2005
1465 François Ortalo-Magné and Sven Rady, Heterogeneity within Communities: A
Stochastic Model with Tenure Choice, May 2005
1466 Jukka Pirttilä and Sanna Tenhunen, Pawns and Queens Revisited: Public Provision of
Private Goods when Individuals make Mistakes, May 2005
1467 Ernst Fehr, Susanne Kremhelmer and Klaus M. Schmidt, Fairness and the Optimal
Allocation of Ownership Rights, May 2005
1468 Bruno S. Frey, Knight Fever – Towards an Economics of Awards, May 2005

1469 Torberg Falch and Marte Rønning, The Influence of Student Achievement on Teacher
Turnover, May 2005
1470 John Komlos and Peter Salamon, The Poverty of Growth with Interdependent Utility
Functions, May 2005
1471 Hui Huang, Yi Wang, Yiming Wang, John Whalley and Shunming Zhang, A Trade
Model with an Optimal Exchange Rate Motivated by Current Discussion of a Chinese
Renminbi Float, May 2005
1472 Helge Holden, Lars Holden and Steinar Holden, Contract Adjustment under
Uncertainty, May 2005
1473 Kai A. Konrad, Silent Interests and All-Pay Auctions, May 2005
1474 Ingo Vogelsang, Electricity Transmission Pricing and Performance-Based Regulation,
May 2005
1475 Spiros Bougheas and Raymond Riezman, Trade and the Distribution of Human Capital,
June 2005
1476 Vesa Kanniainen, Seppo Kari and Jouko Ylä-Liedenpohja, The Start-Up and Growth
Stages in Enterprise Formation: The “New View” of Dividend Taxation Reconsidered,
June 2005
1477 M. Hashem Pesaran, L. Vanessa Smith and Ron P. Smith, What if the UK had Joined
the Euro in 1999? An Empirical Evaluation Using a Global VAR, June 2005
1478 Chang Woon Nam and Doina Maria Radulescu, Effects of Corporate Tax Reforms on
SMEs’ Investment Decisions under the Particular Consideration of Inflation, June 2005
1479 Panos Hatzipanayotou, Sajal Lahiri and Michael S. Michael, Globalization, CrossBorder Pollution and Welfare, June 2005
1480 John Whalley, Pitfalls in the Use of Ad valorem Equivalent Representations of the
Trade Impacts of Domestic Policies, June 2005
1481 Edward B. Barbier and Michael Rauscher, Trade and Development in a Labor Surplus
Economy, June 2005
1482 Harrie A. A. Verbon and Cees A. Withagen, Tradable Emission Permits in a Federal
System, June 2005
1483 Hendrik Hakenes and Andreas Irmen, On the Long-Run Evolution of Technological
Knowledge, June 2005

