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The positive correlation between per capita income and cross-country price levels is

called the ‘‘Penn–Balassa–Samuelson effect.’’ The most influential explanation of this

effect centers around sectoral output productivities as the determinant of the relative

price of nontraded goods. The interaction between the change in relative prices and the

change in per capita income, the dynamic PBS effect, is less well known. This paper

extends the Turnovsky and Sen (1995) model of a small open economy by adding

external economies into the production function. The model’s dynamics accord well

with several features of the empirical data on the dynamic PBS effect.
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1. Introduction

The Penn–Balassa–Samuelson effect (PBS effect) is the widely observed positive correlation between a country’s price
level and its per capita income relative to the price level implied by purchasing power parity using market exchange rates.
This correlation is generally attributed to higher relative prices of nontradables in wealthier economies, although Asea and
Mendoza (1994) demonstrate the analytical difficulties in establishing unambiguously such a correlation. The empirical
evidence of this correlation is closely linked to work on the United Nations’ International Comparison Project by University
of Pennsylvania economists Kravis et al. (1978), with antecedents dating back to Gilbert and Kravis (1954). The most
influential hypothesis for this effect is based on productivity differentials between tradables and nontradables production,
and is generally referred to as the Balassa (1964)–Samuelson (1964) hypothesis, with an important earlier statement of
this hypothesis by Harrod (1939, Chapter 4).1

The empirical evidence for the cross-sectional PBS effect is strong. The first statistical test of the effect was made by
Balassa (1964) and has been corroborated by numerous other studies, including De Gregorio et al. (1994), Froot and Rogoff
(1995), and Bergin et al. (2006). The caveats to the empirical evidence are that the PBS effect appears weaker for the
subsample of industrialized countries and that the effect appears to have waxed and waned over time.2
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Empirical evidence for a dynamic PBS effect—that is, an increasing relative price level for rapidly growing countries—is
more mixed. Although the effect has been documented with postwar data for Japan (Marston, 1987) and Korea (Bahmani-
Oskooee and Rhee, 1996), it is not generally observed for industrialized countries (Rogoff, 1996). Corroborating country
pair evidence of the dynamic PBS effect has been reported over time periods of about 100 years for the US and UK (Lothian
and Taylor, 2008), Norway and the UK (Edison and Klovland, 1987), and Japan and the US (Lothian, 1990). More recently,
Ravallion (2010) has found evidence using the International Comparison Project data in support of a dynamic PBS effect,
with attenuation of the effect occurring at high per capita income levels.

The Balassa–Samuelson hypothesis for the dynamic PBS effect (as contrasted with the cross-country price level-income
correlation) conjectures that an increase in a country’s relative price of nontradables is the result of an increase in
productivity of the traded sector relative to the nontraded sector of an economy. As Froot and Rogoff (1995) note, if the
traded sector is relatively capital intensive (as is commonly assumed) then even balanced productivity increases in the two
sectors will result in a rise in the relative price of nontradables.

This paper modifies the dependent economy model of Turnovsky and Sen (1995) to expand upon the idea that balanced
productivity growth can generate the PBS effect. The Turnovsky–Sen model is, on the one hand, an open economy
extension of the Uzawa (1964) growth model and, on the other hand, a dynamic extension of the traded/nontraded model
associated with Salter (1959), Swan (1960), and Bruno (1976). Brock and Turnovsky (1994), Brock (1996), and Turnovsky
(1996, 1997) were the first to incorporate this model into analyses of investment and the relative price of nontradables in
open economies. Later papers—such as Morshed and Turnovsky (2004, 2006), Restout (2008), and Cerra et al.
(2009)—have also adopted the basic structure of the Turnovsky–Sen model.

The Turnovsky–Sen model places the Balassa–Samuelson production structure into an intertemporally maximizing
model in which investment and consumption are optimally chosen by a representative agent. This paper’s extension to the
Turnovsky–Sen model introduces Hicks-neutral technological change into the production structure. The Hicks-neutral
technological change is endogenous to the model and results from knowledge creation associated with capital
accumulation. The model is similar in spirit to Aizenman and Lee (2010), who model a learning-by-doing effect based
on lagged output in the context of a two sector traded/nontraded model. Their analysis is limited to three periods, and the
nontraded output is produced solely with labor, so that the production structure is not directly comparable to that of the
Balassa–Samuelson model. In addition, the learning-by-doing externality only enters into the tradables production
function. Nevertheless, the Aizenman–Lee paper is a clear antecedent to this paper on the role of external economies in
explaining the PBS effect.

2. The model

The model builds closely on Turnovsky–Sen dependent economy model. Turnovsky (1997, Chapter 4, 105–42) provides
a detailed exposition of the model, which includes aggregate demand factors as well as the supply factors addressed in this
paper. A representative agent produces a tradable good and a nontradable good with one unit of labor by means of linearly
homogeneous production functions: yt ¼ vf ðktÞ‘t , yn ¼ hðknÞ‘n, where kt and knare capital-labor ratios, ‘t and ‘n are the
sectoral shares of labor, and v is a productivity parameter. Capital and labor are both intersectorally mobile. The agent’s
capital stock is denoted by k� ‘tktþ‘nkn. The corresponding aggregate capital stock, which the agent takes as exogenous,
is denoted by K.

Output (y) is subject to increasing returns AðKÞwhere, following Romer (1986), the increasing returns are associated
with the aggregate capital stock (K):

y¼ AðKÞ vf ðktÞ‘tþphðknÞ‘n

� �
with p denoting the relative price of nontradables in terms of tradables. The term A(K) is a Hicks-neutral technological
function that reflects knowledge creation (i.e., a non-rival, non-excludable input into the production process) associated
with the process of capital accumulation. A(K) is specified as the following concave power function:

AðKÞ ¼ aKg; 0rgo1

The addition of A(K) is the substantive change of this model to the production structure of the Turnovsky–Sen model.
The relative price of nontraded goods is taken exogenously by the agent and is determined by market-clearing

conditions in the economy. On the demand side of the economy, the agent consumes both the traded good (ct) and
nontraded good (cn). Capital formation requires nontraded investment expenditure (i).

The agent holds a stock of net foreign assets (b) that pays an exogenously given world interest rate (r). Eq. (1) gives the
agent’s instantaneous budget constraint, where time subscripts have been suppressed:

_b ¼ AðKÞ vf ðktÞ‘tþphðknÞ‘n

� �
þrb�ct�pcn�pi ð1Þ

Capital accumulation is equal to gross investment net of depreciation:

_k ¼ i�dk ð2Þ
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The agent chooses consumption levels, factor allocations, and the level of investment to maximize the discounted value
of a concave utility function, where the time discount rate r is the agent’s rate of time preference:

max

Z 1
0

uðct ,cnÞe
�rs ds

subject to constraints (1) and (2), and the initial stocks of capital (k0) and bonds (b0). The optimal solution to the agent’s
problem involves setting up the present-value Hamiltonian:

ertH¼ uðct ,cnÞþl AðKÞ vf ðktÞ‘tþphðknÞ‘n

� �
þrb�ct�pcn�pi

� �
þq�ði�dkÞ ð3Þ

where l is the shadow value of wealth (measured in terms of bonds) and q� is the shadow value of installed capital.
The following optimality conditions hold for the agent’s optimization problem:

@u

@ct
¼

1

p

@u

@cn
¼ l

q¼ p

AðKÞvfkðktÞ ¼ AðKÞphkðknÞ � rkðp,K;vÞ

AðKÞv f ðktÞ�ktfkðktÞ
� �

¼ AðKÞp hðknÞ�knhkðknÞ
� �

�wðp,K;vÞ

where rk is capital’s rental rate, and w is the real wage, and q� q�=l is the market value of capital. Following conventional
practice for analytical models of the PBS effect (see, e.g., Froot and Rogoff, 1995), the production of tradables will be treated
as capital intensive relative to nontradables production3 :

kt 4kn

Long-run stationarity requires an assumption that the interest rate equals the rate of time preference and that a no-
Ponzi-game condition holds:

_l
l
¼ r�r¼ 0 ð4Þ

lim
t-1

bðtÞe�rt ¼ 0

The relative price of nontradables must satisfy the following asset-pricing equation4:

_p ¼�rkðp,K;vÞþðrþdÞp ð5Þ

where Appendix A shows that

@rk

@p
� rk

p ¼
AðKÞhðknÞ

kn�kt
o0,

@rk

@K
� rk

k ¼ A0ðKÞvf ðktÞ40, and
@rk

@v
¼

AðKÞf ðktÞ

kt�kn
40 ð5aÞ

In addition the following transversality conditions must hold:

lim
t-1

lðtÞbðtÞe�rt ¼ 0, lim
t-1

q�ðtÞKðtÞe�rt ¼ 0

The capital stock evolves as follows:

_K ¼ ynðK ,p;vÞ�cnðp,lÞ�dK ð6Þ

where

@yn

@K
¼
@rk

@p
1�g kt

k
�1

� �� 	
;

@yn

@p
40;

@yn

@v
40 ð6aÞ

and use has been made of the nontraded market-clearing condition

AðKÞhðknÞ‘n � yn ¼ cnþ i ð7Þ

The first derivative in (6a) shows a dampened response (relative to the Balassa–Samuelson model) between the change
in the rental rate on capital produced by an increase in the relative price of nontradables and the change in nontraded
output produced by an increase in the capital stock, reflecting the Hicks-neutral productivity effect AðKÞthat is induced by
changes in the capital stock (with kt 4k).
3 Turnovsky and Sen (1995) also consider the case where the nontraded sector is capital intensive.
4 The agent takes the aggregate capital stock as given, so that the rental on capital does not include the marginal effect A0ðkÞ of capital accumulation

on output. As shown in Section 3, a social planner does incorporate that marginal effect.
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Eq. (7) taken in conjunction with the agent’s budget constraint (1) generates the economy’s current account:

_b ¼ ytðK ,p;vÞþrb�ctðp,lÞ, ð8Þ

where ytðK ,p;vÞ � AðKÞvf ðktÞ‘t is the production of tradable goods.
The equilibrium dynamics of the economy (including the current account) are governed by the asset-pricing Eqs. (4)

and (5), the capital accumulation Eq. (6), and the current account Eq. (8). As in Turnovsky and Sen (1995), the equations
can be linearized to determine the local stability properties of the steady state (K ,p). The system of equations is block
recursive so that the behavior of the capital stock and relative price of nontradables can be determined without reference
to current account dynamics. Eq. (9) contains the linearized system of Eqs. (5) and (6):

_p
_K

� 	
¼

�ðB1�rÞ �rk
k

B2 B1�grk
p

kt

k �1

 �

2
4

3
5 p�p

K�K

� 	
, ð9Þ

where B1 ¼ rk
p�d andB2 ¼ ð@yn=@pÞ�ð@cn=@pÞ

� �
p40. The eigenvalues associated with (9) are

rþD

2

� 	
7

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
rþD

2

� 	2

þðB1�rÞ B1þD½ ��B2rk
k

s
ð10Þ

where

D¼�grk
p

kt

k
�1

� �
¼
@yn

@K
�
@rk

@p
40:

Around a steady-state equilibrium Eqs. (9) and (10) indicate that the slope of the saddlepath will be positive (with
kt 4kn), where m in (11) denotes the negative eigenvalue in (10) that is associated with the decentralized representative
agent economy5 :

dp

dK
� p0ðKÞ ¼

rk
K

�rk
pþrþd�m

Z0 ð11Þ

Fig. 1 illustrates the saddlepath adjustment of the economy. The slope of the saddlepath reflects the transitional growth
rate toward the steady-state relative price. Without external economies the _p ¼ 0 locus and saddlepath are flat, as in
Turnovsky and Sen (1995). With @rk=@K ¼ rk

K 40, the positive slope of the _p ¼ 0 locus results in a smaller Jacobian (in
absolute value terms) and a slower adjustment speed. In contrast to the Turnovsky–Sen model in which capital
accumulation takes place at a constant cost of investment (p), the cost of investment rises over time in Fig. 1, thus
slowing down the rate of capital accumulation.

The evolution of the current account as a function of capital accumulation is derived from Eq. (11) using the solution
procedure given by Turnovsky (1997, 112–115):

bðtÞ ¼ b� pðtÞþ
@c

@p

p0ðKÞ

m�r�ðgy=KÞÞ

� 	
Kð0Þ�K
� �

emt ð12Þ

where @c=@p¼ @ct@pþp@cn=@po0. When p0ðKÞ ¼ 0, as in the Turnovsky–Sen model, the current account will reflect only the
purchase price of new capital. The second term in brackets in (12) is positive and amplifies the size of the current account
deficit due to the impact of the rising relative price of consumption on the agent’s saving behavior along the saddlepath.

In the standard Balassa–Samuelson analysis, an ongoing rise in the relative price of nontradables requires ongoing
exogenous technological change in the traded sector or Hicks-neutral change across both sectors given the standard capital
intensity assumption (kt=kn40). Without ongoing exogenous technological change the relative price of nontradables does
not change. In contrast to the Balassa–Samuelson model, Fig. 2 illustrates the impact of a one-time productivity
improvement (vm) to tradables production with external economies in production. The productivity improvement results
in an immediate increase in the relative price of nontradables. In addition, the improvement raises the rental rate on
capital, thus generating new investment and an ongoing rise in the relative price of nontradables along the saddlepath
leading to e1.6 The ongoing rise in the price of nontradables after the initial productivity improvement results from the
Hicks-neutral technological change that is induced by the accumulation of capital. The current account goes into deficit
following the productivity improvement due to the cost of accumulating capital plus the reduction of saving arising from
the upward tilt of the saddlepath.
5 Turnovsky and Sen (1995) show that the slope of the saddlepath is negative when the nontraded sector is relatively capital intensive. That result

continues to hold in the model with Hicks-neutral external economies, but is not analyzed in this paper because of the focus on the Penn–Balassa–

Samuelson effect.
6 The saddlepath is drawn holding the shadow value of bonds (l) constant for ease of exposition.
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3. The social planner’s problem

The representative agent does not take into account the marginal output effect of the external economies when
deciding on investment and consumption. A social planner includes this marginal effect A0ðKÞin the optimal plan for the
economy’s growth path, so that the asset pricing equation for the relative price of nontradables becomes7 :

_p ¼�ð1þgÞrkðp,K;vÞþðrþdÞp ð13Þ

The linearized system of equations for the social planner adds the terms grk
p and grk

K :

_p
_K

� 	
¼
�ðB1�rÞ�grk

p �ð1þgÞrk
K

B2 B1þD

" #
p�p

K�K

� 	
ð14Þ
7 AðKÞ ¼ aKg ) AðKÞþKA0ðKÞ ¼ ð1þgÞAðKÞ.
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Fig. 3. Saddlepaths: the representative agent and the social planner.
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The eigenvalues for the social planner in Eq. (14) differ from those of the decentralized economy:

rþD�grk
p

2

" #
7

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
rþD�grk

p

2

" #2

þðB1þgrk
p�rÞ B1þD½ ��B2ð1þgÞrk

K

vuut
/1S /1S /2S /3S ð15Þ

The social planner may choose an adjustment speed that is faster or slower than the speed of the decentralized
representative agent economy. In comparison with Eq. (10), the added terms with g in (15) have opposing impacts on the
adjustment speed. The terms /2S plus /3S reflect the ratio of the slopes of the _p ¼ 0 and _K ¼ 0 loci, with the adjustment

speed decreasing in grk
K and increasing in grk

p

 . The discount factor in /1Sis larger for the social planner, who internalizes

the interaction of the external economies with the deterioration in capital’s rental rate along the saddlepath. Whether the
adjustment speed chosen by the social planner is slower or faster than the adjustment speed of the decentralized economy
depends on the relative strength of the three terms in Eq. (15).

Around a steady-state equilibrium Eqs. (14) and (15) indicate that the slope of the saddlepath will be positive, where
m�denotes the negative eigenvalue in (15) that is associated with the social planner’s problem:

dp

dK
� p0ðKÞ� ¼

rk
K

�rk
pþ½ðrþd�m�Þ=ð1þgÞ�

Z0 ð16Þ

The slope of the saddlepath for the social planner’s solution will differ from that of the decentralized economy.
Comparing Eqs. (11) and (16), the slope of the saddlepath for the social planner’s problem will be less than that for the
decentralized economy under the following condition:

p0ðKÞ�op0ðKÞ ) m�
 � m

 4gð m
 þrþdÞ ð17Þ

From (17) the speed of adjustment for the social planner under this condition must be greater than that corresponding
to the decentralized economy. The slope of the saddlepath for the social planner’s problem will be greater than that of the
decentralized economy if the following condition on adjustment speeds is met:

p0ðKÞ�4p0ðKÞ ) m�
 o ð1þgÞ m þgðrþdÞ ð18Þ

From (18) it follows that under this condition the social planner’s speed of adjustment may be either greater than or
less than the speed of adjustment in the decentralized economy.

The three qualitatively distinct cases are shown in Fig. 3. Relative to the decentralized economy’s saddlepath leading to
e, the social planner’s solution corresponding to the bold-faced saddlepath leading to e� results in an initially lower relative
price of nontradables, a faster growth rate, and a higher long-run equilibrium price of nontradables as well as a greater
capital stock.8 This growth path is frequently advocated in qualitative terms as a development strategy for developing
8 The saddlepaths are drawn holding the shadow value of bonds (l) constant for ease of exposition. Alternatively, the figure is consistent with a

specification of the model in which nontraded output is used solely for investment.
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economies (see, e.g., Prasad et al., 2007; Rodrik, 2008) and is at the center of the current policy debate concerning
China’s exchange rate policy (see, e.g., Eichengreen, 2008). A government with access to lump-sum taxes could implement
the social planner’s solution by subsidizing investment at the rate g.9 But although the resulting development path
might correspond to the bold-faced saddlepath in Fig. 3, it could also easily involve a higher relative price of
nontradables and higher growth rate than the decentralized representative agent economy, or a lower relative
price of nontradables and a slower growth rate, as shown by the dashed saddlepaths above and below the bold-faced
saddlepath. There is no unconditionally correct combination of the relative price of nontradables and growth rates
that accompanies the substitution of the social planner’s solution for that of the decentralized representative agent
economy.

4. Is there a dynamic Penn–Balassa–Samuelson effect?

Although there is substantial evidence of a PBS effect in cross sections of countries over the past fifty years, the
existence of a dynamic PBS effect is more mixed. Lothian (1990) shows that Japan is a canonical example of a dynamic PBS

effect for a data series extending over 100 years from 1874 to 1987. Edison and Klovland (1987) find evidence of a dynamic
PBS effect for the relative price level of Norway and the U.K. using a century of data beginning in 1871. Lothian and Taylor
(2008) also demonstrate a dynamic PBS effect for the US and UK over a period of 180 years. But Rogoff (1996), among
others, has emphasized that the dynamic effect does not appear to hold in general in the postwar period for industrialized
countries.10

The global dynamics of the dependent economy model with external economies suggest a possible reconciliation
of the existence of a negligible dynamic PBS effect for richer industrialized countries in the postwar period with the
existence of a stronger PBS effect for poorer countries. Positive but diminishing external economies (A0ðKÞ40, A00ðKÞo0)
may create multiple equilibria in the dependent economy model. In particular, the _p ¼ 0 locus may cut the _K ¼ 0 locus at
two points: one corresponding to the saddlepath dynamics of Fig. 1, and the other at an unstable equilibrium where
the Jacobian of Eq. (9) for the representative agent economy is positive (Jra40). At the unstable equilibrium the Jacobian of
Eq. (14) for the social planner’s problem may be negative (Jspo0) because, unlike the representative agent, the social
planner internalizes the external economies. If Jspo0o Jra, then the unstable equilibrium will unambiguously be a node, as
shown by Hartl et al. (2004). A comparison of the two Jacobians indicates that this condition requires:

B2ð1þgÞrk
K

B1�rþgrk
p

 o B1þDj jo
B2rk

K

B1�rj j
ð19Þ

If Jra and Jsp are both positive, the unstable equilibrium can either be a node or a focus. Fig. 4 illustrates the case of
nodal adjustment of the economy at e0. Two paths lead out of e0: along the one to the right the economy accumulates
capital with a rising price of nontradables; along the one to the left capital declines. Because the adjustment path leading
9 With an investment subsidy, the price of capital becomes q¼ ð1�gÞp. Eq. (13) follows directly by noting that _q ¼�rkþðrþdÞq and that

ð1�gÞ�1
� 1þg.

10 See Peltonen and Sager (2009) and Pancaro (2010) for recent reviews of the literature.
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from e0 to e1 is concave, the dynamic PBS effect diminishes as capital accumulates. For large values of the capital stock, the
dynamic adjustment approaches that of the flat saddlepath in the Turnovsky–Sen model.

In a recent study, Ravallion (2010) finds convincing evidence of a dynamic PBS effect between 1993 and 2005 for a
panel of 132 countries using data from the International Comparison Program (ICP) of prices. Importantly, he finds that the
effect is stronger in poorer countries than in industrialized countries. The relevant regression (and omitting the author’s
discussion of caveats concerning data quality and the possible endogeneity of income) is

lnðP05=P93Þ ¼ 0:008
ð0:046Þ

þð0:604
0:143
�0:049
ð0:020Þ

lnY93ÞlnðY05=Y93Þþ ê R2 ¼ 0:246; n¼ 132

where lnðP05=P93Þis the proportional growth of the ICP prices between 1993 and 2005, and lnðY05=Y93Þ is the proportional
growth of per capita GDP during the same period. The empirical finding is that the growth rate of PPP prices between 1993
and 2005 in the study is proportional to the growth rate of per capita GDP in the same time period, with attenuation of the
proportionality factor at higher initial (1993) levels of per capita GDP. This empirical finding is consistent with the concave
adjustment path in Fig. 4.
5. Conclusion

This article has adapted the Turnovsky and Sen (1995) dependent economy model by incorporating external economies
into production. In a formal sense, the model’s production structure generalizes that of the Turnovsky–Sen model, which in
turn generalizes the production structure of the Balassa (1964) and Samuelson (1964) models. The function AðKÞ places
aggregate capital in the production functions of the traded and nontraded sectors, and serves the same function as
aggregate capital in the production function in Romer (1986). Aggregate capital represents the creation of other inputs,
such as knowledge creation, that accompany the accumulation of physical capital and which are non-rival and non-
excludable.

The function AðKÞ can also be thought of as an efficiency wedge, as in Chari et al. (2007), so that AðKÞis viewed as an
approximation for a more detailed mechanism that generates scale economies. In that latter sense, there are two
interesting interpretations of these scale effects. First, Bergin et al. (2006) simulate the impact of exogenous sectoral
productivity shocks on ten industries over time. They show that some industries switch between the tradable and
nontradable categories, but that overall the relative price of nontradables rises over time with the average capital-labor
ratio. In that context, AðKÞcould be thought of as the Hicks neutral component of the ten sectoral productivity shocks in the
Bergin–Glick–Taylor model.

A second interpretation of AðKÞis that it represents economies of scope inherent in the financial intermediation process.
There is widespread empirical evidence of these scale economies (see, e.g., Levine, 2005; Bossone and Lee, 2004; Beck et al.,
2000). Townsend (1983), Williamson (1986), Greenwood and Jovanovic (1990), and Greenwood et al. (2010) take this
empirical evidence of economies of scope as the basis for models of financial intermediation, factor productivity, and
growth. Greenwood and Jovanovic (1990) describe their model as follows: ‘‘Investment in organizational capital is costly.
Consequently, high-income economies are better disposed to undertake such financial superstructure building than ones
with low-income levels. The development of financial superstructure, since it allows a higher return to be earned on
capital investment, in turn feeds back on economic growth and income levels.’’ The external economies in this paper’s
model generate a similar kind of feedback, with capital accumulation raising AðKÞ, which in turn raises the return to capital
and generates additional capital accumulation.

The Turnovsky–Sen dependent economy model generalizes the Balassa–Samuleson model by creating a dual role for
the relative price of nontradables: besides allocating production between sectors of the economy, the price of nontradables
has to satisfy an asset pricing equation that determines the price of capital as the discounted sum of future rentals on
capital, thereby determining investment. It is the asset pricing equation, in conjunction with relative sectoral
productivities that determines the relative price of nontradables in long-run equilibrium.

The introduction of AðKÞ into the Turnovsky–Sen model maintains the dual role of the relative price of nontradables
and, at the same time, produces an explanation of the PBS effect based on endogenous capital accumulation in the presence
of economy-wide external economies. As illustrated by Fig. 2, the model generates a dynamic PBS effect following a one-
time productivity shock to tradables production. Unlike the Balassa–Samuelson model there is no need to have continual
productivity increases in the tradables sector to generate an ongoing rise in the relative price of nontradables. The issue of
undervaluing the real exchange rate as a policy strategy for growth is addressed by Fig. 3. Investment goods will be cheap
at a low relative price of nontradables. This is especially important when there are external economies in production.
However, a high relative price of nontradables will increase production of investment goods. A social planner will pursue a
policy that takes into account the external economies, but relative to a decentralized representative agent economy such a
policy may result in either an initially lower or higher relative price of nontradables and either a faster or slower growth
rate. Finally, the concave adjustment path in Fig. 4 generates an HBS effect with attenuation that matches historical and
cross-section empirical evidence.
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Appendix A. Properties of the production structure

Differentiating the resource allocation conditions in (4b) and (4c) gives
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From the production block the following derivatives can be obtained:
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Noting that rkðp,k;vÞ ¼ AðkÞvfkðktÞ ¼ AðkÞphkðknÞ,
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By noting that ‘tktþ‘nkn ¼ k and LtþLn ¼ 1, the aggregate capital stock of S firms is given by K ¼ Sk. Nontraded output
can be written as follows:

yn ¼ AðKÞhðknÞ‘n ¼
AðKÞhðknÞðk�ktÞ

kn�kt
, where AðKÞ ¼ aKg ðA3Þ
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