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Abstract
This paper uses the economic growth model with a financial sector

developed in Chou and Chin (2001) to examine the conditions under
which financial liberalization is desirable from the perspective of a poli-
cymaker who is concerned about the well-being of domestic households.
Financial liberalization raises the rate of financial innovations and the
efficiency of financial intermediation, but typically causes large foreign
firms from leading-edge countries to displace smaller and less efficient
domestic firms. Profits are repatriated abroad instead of accruing to
domestic households as dividends. This trade-off is further complicated
when we allow financial firms to hire talented foreigners once liberaliza-
tion has taken place.
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1 Introduction
Is financial liberalization the key to unlocking an economy’s potential for
growth? How long does it take for the average worker to benefit from fi-
nancial liberalization, if ever? Or will financial giants from the most advanced
economies drive out weaker, less efficient domestic firms and then repatriate
their profits abroad? These are some of the key issues governments have to
address when deciding whether to liberalize their countries’ financial sectors.
Developing a formal theoretical framework for studying these inherent trade-
offs will therefore assist them in formulating sound and appropriate policies.
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In this paper, we aim to evaluate the desirability of financial liberalization
from a macroeconomic perspective. We will use an economic growth model
with a financial sector to study the impact of financial liberalization on con-
sumption, capital and output per worker, as well as its impact on the efficiency
of the financial sector and consequently the interest rate. The financial sec-
tor in our model consists of financial innovators and financial intermediaries.
Financial innovators use labor diverted from the production of the final, con-
sumption good to create new financial products, taking advantage of positive
spillovers from existing financial products. A larger range of financial products
then allow financial intermediaries to more effectively channel the savings of
households into productive investment by firms. Financial liberalization, by
encouraging the entry of financial firms from leading-edge countries, raises the
rate of financial innovations, thereby increasing the efficiency of financial in-
termediation, which in turn promotes economic growth through faster capital
accumulation. We will also argue that financial liberalization encourages the
hiring of talented financial workers from abroad, enabling a developing econ-
omy to access both the financial technology of leading-edge countries as well
as their human capital.
Simulations of our model suggests that financial liberalization results in

higher steady-state levels of consumption, capital and output per capita. How-
ever, these salubrious effects only kick in after a considerable time lag. Our
simulations also demonstrate that the larger the spillovers of existing financial
products on financial innovations, the greater the long-run impact of financial
liberalization on per-capita consumption, capital and output. Using our aug-
mented model with foreign talent, we show that the positive effects of financial
liberalization on long-run consumption and capital stock per worker (as mea-
sured by the ratios of their pre- and post-liberalization steady-state values)
are magnified the higher the relative productivity of foreign workers (holding
their relative wages fixed) and the greater the learning rate of domestic work-
ers. These two parameters are also positively related to the post-liberalization
steady-state levels of consumption and capital per worker, as are the level of
technology in final goods production and the percentage increase in the pro-
ductivity of financial innovators.
The paper is organized as follows: the next section discusses the benefits

and costs of financial liberalization, and sets forth the specific definition of
financial liberalization used in this paper. Section 3 discusses the set-up of and
results from the basic model, including its transitional dynamics. Section 4
examines the augmented model with foreign talent and its comparative statics,
while section 5 presents a summary of the paper and its conclusions.
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2 Benefits of Financial Liberalization
Does financial liberalization promote economic growth? If so, what are the
channels through which the former affects the latter? The answer to the first
question is a resounding “yes”, according to the World Bank, International
Monetary Fund and the World Trade Organization, although Krugman (1993)
provides a dissenting voice.
Levine (2000) finds that liberalizing restrictions on international portfo-

lio flows tends to enhance stock market liquidity. These improvements in
stock market liquidity in turn accelerate economic growth by boosting pro-
ductivity growth. In addition, allowing the entry of foreign banks tends to
enhance the efficiency of the domestic banking system. In turn, better banks
bring about economic growth by accelerating productivity growth. He there-
fore concludes that international financial integration can promote economic
development by encouraging improvements in the domestic financial system,
with positive ramifications for long-run growth. Earlier, Levine (1996) had
described in greater detail how liberalizing the entry of foreign banks may
have important benefits for at least three related reasons. First, reducing
impediments to foreign bank entry may improve access to international cap-
ital markets. Second, easing restrictions on foreign bank entry may improve
the quality and availability of financial services by stimulating competition
and contestability of domestic financial markets and by facilitating the ap-
plication of more modern banking skills, management, and technology in the
domestic market. Finally, openness to foreign banks may spur improvements
in both domestic financial policy and the financial infrastructure, which in
turn will promote domestic financial development. Elaborating on the second
reason, Levine argued that easing restrictions on foreign bank entry should
improve the quality, pricing, and availability of financial services as foreign
banks directly bring new and better skills, management techniques, training
procedures, technology, and products to the domestic market. For example,
the entry of foreign banks may stimulate improvements in transaction services
by introducing credit cards or improving the payments system, lower the cost
of risk management mechanisms, intensify credit assessment procedures and
enhance information gathering techniques, introduce improved mechanisms for
monitoring firm and manager performance, and intensify the competition of
mobilizing domestic resources that would expand the mobilization of domestic
savings and promote better resource allocation. On the other hand, Levine ac-
knowledged that there have been numerous concerns about foreign bank entry,
such as foreign bank entry causing international capital outflows, as well as
market dominance by these foreign firms which, to make matters worse, only
service the most profitable market segments. However, Levine sanguinely con-
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cluded that “by intensifying competition and by directly bringing new services
to bear on the domestic market, foreign banks may provoke rapid improve-
ments in the provision of growth-promoting financial services.” (p.238)
Bekaert, Harvey, and Lundblad (2001) examine the impact of liberalizing

equity markets on growth rates using panel data regressions. Theoretically,
they note that liberalization may lower the cost of capital thereby enticing
additional investment. (This has been verified empirically in Bekaert and Har-
vey (2000), Henry (2000b) and Henry (2000a)). Open capital markets may
mean more efficient markets and lead to financial development. Moreover, a
large literature has shown how improved financial intermediation can enhance
growth (for examples, see Greenwood and Jovanovic (1990), Bencivenga and
Smith (1991), Saint-Paul (1992), and Bencivenga, Smith, and Starr (1996)).
Financial liberalization may permit countries to benefit from frontier financial
technology that lead to increased growth, in the same way that better policies
and institutions may permit developing countries to benefit from frontier real
technology. Bekaert et al (2001) find that financial liberalization leads to a
one percent increase in annual real GDP per capita over a five year period, and
this result is robust to alternative choices of liberalization dates, groupings of
countries, weighting matrices for the calculation of standard errors and time-
horizons for measuring economic growth. They show that the liberalization
effect is not spuriously accounted for by macroeconomic reforms and does not
reflect a business cycle effect. Liberalization also leads to a fall in the con-
sumption to GDP ratio and a rise in the investment to GDP ratio. Finally,
financial liberalization has the greatest impact on economic growth in coun-
tries with large secondary school enrollment, small government sectors and an
Anglo-Saxon legal system.
In this paper, we will use a broader definition of financial liberalization,

which encompasses both the liberalization of equity markets and that of the
banking sector. Financial liberalization will be taken to mean an event which
increases the rate at which new financial products (which we shall call “fi-
nancial innovations”) are created, resulting in an increase in the efficiency
of financial intermediaries in transforming household savings into productive
investment by firms. This definition encompasses both the liberalization of
equity markets and the banking sector as each of these two events increases
the number of financial instruments through which households can invest their
savings and through which firms may raise funds to finance the acquisition
of new physical capital to increase future production. We do not take into
account the effect of financial liberalization on productivity growth, a point
which we will return to at the end of the paper.
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3 A Growth Model with a Financial Sector
In this section, we lay out the framework which we will use to evaluate the
consequences of financial liberalization. The framework comprises a Ram-
sey model of household optimization with an embedded financial sector as
described in Chou and Chin (2001). We assume for now that financial lib-
eralization has no effect on the ability of financial firms to attract talented
workers from abroad. In fact, all workers are assumed to be homogeneous in
this model. Financial liberalization is characterized by an increase in the pro-
ductivity of financial innovators (resulting in an increase in the rate at which
new financial products are created) and by the repatriation of the profits of
financial firms to their headquarters in a foreign country. This follows from
our broad assumption that liberalization will result in large foreign firms from
leading-edge countries driving out weaker, less efficient domestic players. Lib-
eralization thus presents governments with a trade-off: the rise in efficiency of
financial intermediation which results in higher growth through faster capital
accumulation has to be weighed against the loss in dividends from financial
firms which hitherto accrued to domestic households.

3.1 Model Set-Up

The final goods sector produces the consumption good Y using a Cobb-Douglas
technology to combine labor LY (equal to uYL, where uY is the share of labor,
L, devoted to final goods production) and capital K:

Y = KaL1−αY .

A representative final goods producer thus solves the following profit max-
imization problem:

max
uY ,K

πY = Y − wYLY − rKK,
where wY is the wage in the final goods sector and rK is the rental price of
capital charged by financial intermediaries. The price of the final goods has
been normalized to unity.
The first-order conditions require that the wage and rental price of capital

be equal to the value of their marginal products:

wY = (1− α)
Y

LY
,

rK =
αY

K
.
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The financial sector is composed of financial innovators and financial inter-
mediaries cum venture capitalists. The former are responsible for producing
financial innovations, τ̇ , which then determines the degree of sophistication of
the financial sector, proxied by ξ (equal to the ratio τ/Lκ, the number of finan-
cial products per “adjusted” capita, where 0 < κ < 1.1). A greater value of ξ
allows more efficient intermediation between lenders (households) and borrow-
ers (intermediate goods producers), resulting in a higher percentage of savings
being transformed into useful capital. Put simply, the investment rate equals
the saving rate multiplied by ξ. In addition, a greater value of τ also raises the
rate at which new R&D designs are produced, as will be shown.
Financial innovators are monopolists who make extra-normal profits by

producing new financial products, using raw labor as input, according to the
production function

τ̇ = eF (uτL)λ , (1)

where eF ≡ F τφ and uτ is the share of labor devoted to the creation of financial
innovations. In this decentralized competitive model, financial innovators do
not internalize the spillover effect from the existing stock of financial prod-
ucts. They therefore treat eF as exogenously given. We characterize financial
liberalization as a permanent increase in the productivity parameter F.
The profit of a representative financial innovator, to be maximized by its

choice of uτ , the share of the labor force devoted to the creation of financial
innovations, is

πτ = Pτ τ̇ − wτuτL, (2)

where Pτ is the price of each financial innovation. With these substitutions,
the first-order condition implies that

Pτ =
uτ
nλκτ

wτ . (3)

From this equation, we see that the price of each financial innovation is a
function of the marginal factor cost of labor in the financial innovations sector.
This equation may also be interpreted as an inverse demand function for τ .
Downstream in the financial sector, financial intermediaries purchase inno-

vations from financial innovators (which, in the real world, are probably sister
divisions of the same financial firms) and use them in transforming savings
into productive investment as well as in the funding of real R&D activities.
The financial intermediaries derive their income from charging firms in the
(real) intermediate sector a higher interest rate (rK) for renting capital than

1If κ = 1, then all financial products are strictly rivalrous; if κ = 0, then all finan-
cial products are strictly non-rivalrous, so that the efficiency of financial intermediation is
dependent only on the stock of financial products and independent of population size.
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it pays out to households for their savings (rV ). The interest rate differential,
(rK − rV ), may be thought of as the commission charged for intermediating
funds. For simplicity, we assume that financial intermediation requires no la-
bor input. Financial intermediaries make zero profits as this sector is assumed
to be perfectly competitive.
In each period, the representative financial intermediary ensures that rev-

enues received from the real intermediate sector and R&D firms equal the
cost of acquiring deposits from households and purchasing new products from
financial innovators:

rKK = rVK + Pτ τ̇ . (4)

Finally, to close the model, we examine the consumption decision of house-
holds. As usual, we assume that this decision may be characterized by a
representative consumer maximizing an additively separable utility function
subject to a dynamic budget constraint. We use a conventional CRRA utility
function and assume that households are ultimate owners of all capital and
shareholders of final goods firms, financial intermediaries and financial inno-
vators. The optimization problem is thus:

max
c,uY ,uτ

Z ∞

0

c1−θ − 1
1− θ

e−(ρ−n)tdt, (5)

subject to

V̇ = rVK + wY uYL+ wτuτL+ πτ − C, (6)

K̇ = ξV̇ , (7)

where V̇ represents the flow of households’ stock of assets (i.e. saving). As
discussed earlier, ξ (equal to τ/Lκ) represents the efficiency of financial in-
termediaries in transforming household saving into productive investment by
firms. The monopolistic profits of financial innovators, πτ , equal to revenue
Pτ τ̇ , minus labor costs wτuτL, is paid out to households who are also share-
holders of these firms. As explained previously, we assume that these profits are
repatriated to a foreign country once the financial sector is liberalized and will
then be removed from the budget constraints of domestic households. In equi-
librium, wages are equal across all labor markets, i.e. wY = wτ = w̄. These
conditions together with equation (4) yield the following household budget
constraint

K̇ = ξ(rKK + w̄uYL− πτ − C). (8)

The post-liberalization Hamiltonian is therefore

H =
c1−θ − 1
1− θ

e−(ρ−n)t + νξ(rKK + w̄uYL− πτ − C)
+µ eF (uτL)λ ,
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where c (per-capita consumption, equal toC/L) and uY (share of labor engaged
in final goods production) are control variables while K and τ (the stock of
physical capital and financial products respectively) are state variables.
The first order conditions are:

c−θe−(ρ−n)t = νξL

νξw̄L = µ

−ν̇ = νξrK

−µ̇ = νL−κ(rKK + w̄uYL− πτ − C)

while the transversality conditions are given by

lim
t→∞

K (t) ν (t) = 0, (9)

lim
t→∞

τ (t)µ (t) = 0. (10)

We can show that the price of financial innovations is determined by the
following arbitrage equation:

ξrK =
V̇

Pττ
+
Ṗτ
Pτ

(11)

Equation (11) shows that the opportunity cost to a financial intermediary
of purchasing a financial innovation, ξrKPτ , must be equal to the average flow
of savings intermediated by a unit of financial product, V̇ /τ , and the associated
capital gain, Ṗτ .
In addition, the steady-state growth rate of the stock of financial products

is

γ∗τ = κn.

Using the technique outlined in Chou and Chin (2001), the steady-state
solutions for the state and control variables are found to be

u∗τ = 1− u∗Y =
Γ

Γ+ Φ
,

where

Γ = αλnγ∗τ
Φ = (1− α)ρ(ρ− n+ γ∗τ )
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ξ∗ =

µ
Fu∗λτ
γ∗τ

¶ 1
1−φ
,

k∗ =

µ
ξ∗Aα
ρ

¶ 1
1−α
u∗Y ,

c∗ =
λ(ρ− αn)u∗Y − (1− λ)(1− α)ρu∗τ

λα
· k∗

ξ∗u∗Y
.

3.2 The Impact of Financial Liberalization: Transitional
Dynamics

What is the impact of financial liberalization (as defined above) on the key
variables in the model? We first discuss the properties of the new steady state
attained post-liberalization and compare it to the steady state that existed
pre-liberalization. This will be followed by an analysis of the transitional dy-
namics of the model. The complexity of the model and its solution means that
comparative statics and transitional dynamics cannot be studied analytically
and dictates the use of simulations instead. The following calibrations were
used in the simulations:

α ρ θ n λ φ A Finitial
1/3 0.02 1.5 0.01 2/3 0.2 0.35 0.0318

Our simulation results show that if liberalization is modelled as a positive
shock on the productivity parameter of the financial sector F, despite the repa-
triation of profits to foreign countries, the steady state values of c (consumption
per capita), k (capital stock per capita) and ξ (the transformative efficiency of
the financial sector) are all higher in the post-liberalization steady-state than
in the original steady-state. However, c, k and output per capita y all decline
for a considerable number of periods (between 50 to 90) before they surpass
their initial values. The allocation of labor to the financial and financial goods
sector (uτ and uY ) are unchanged from the old steady-state to the new. In ad-
dition, the interest rate for both borrowers (the cost of funds) and lenders, rK
and rV , both fall. Investment is thus higher in the new steady state, resulting
in the larger steady-state capital stock. Finally, financial liberalization leads
to a lower steady-state consumption to GDP ratio and a higher investment to
GDP ratio, in line with the empirical findings of Bekaert et al (2001).
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Figure 1: The effect of financial liberalization on ξ∗, k∗ and c∗ for various
levels of ρ and φ.

Now let us turn to the impact of the parameters ρ, θ and φ on the mag-
nitude of liberalization effects. An increase in the discount rate ρ results in
financial liberalization having a larger effect on steady state per-capita con-
sumption c∗, but does not alter liberalization’s impact on k∗ or ξ∗. In other
words, the ratio c∗post−liberalization/c

∗
pre−liberalization is increasing in ρ.Why is this

so? The larger the discount rate, the more impatient economic agents are in
the economy - current consumption is greatly valued even if it means sacrificing
future output and consumption. These sacrifices evidently become less costly
with financial liberalization, as the increase in efficiency of financial interme-
diation leads to higher output and consumption in the new steady state. The
degree of risk-aversion or desire for consumption smoothing, θ, however has
no bearing on liberalization’s impact on c∗, k∗ or ξ∗. This result arises from
the fact that, without endogenous technological progress or human capital
accumulation, per capita consumption is constant in the steady state, so the
desire for consumption smoothing is irrelevant. Finally, an increase in φ (which
measures the spillover effect of existing financial products on the creation of
financial innovations) increases the impact of financial liberalization on c∗, k∗,
ξ∗, wages and interest rates. In other words, the ratios

c∗post−lib
c∗pret−lib

,
k∗post−lib
k∗pret−lib

,
ξ∗post−lib
ξ∗pret−lib

and
w∗post−lib
w∗pret−lib

are increasing in φ while
r∗
V post−lib
r∗
V pre−lib

and
r∗Kpost−lib
r∗
Kpre−lib

are decreasing in

φ. The larger the spillover effect of financial innovations on future innovations,
the stronger the case for financial liberalization.
The relatively large dimensionality of the model, with 2 control variables

(c and uY ) and 2 state variables (k and ξ), necessitates the use of numerical
methods when investigating its transitional dynamics. Specifically, we convert
the model from continuous to discrete time and use the “shooting” method
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(implemented in a C-language computer program) to guess the magnitude of
the jumps in the control variables c and uY occurring in the instant a shock
impacts the system. “Correct” jumps ensure the systemmoves along the stable
manifold until the new steady state is reached while incorrect jumps lead to
dynamic paths which eventually violate the transversality conditions.
The four discretized, dynamic (difference) equations governing the behavior

of the state and control variables may be written as:

ct+1 = ct − 1
θ

µ
ρ− ξtAαk

α−1
t u1−αY,t + Fu

λ
Y,tξ

φ−1
t − λn

1− φ

¶
ct,

uY,t+1 = uY,t +

"Ã"
λ

1− α

F (1− uY,t)λξφ−1
Akα−1t u1−αY,t

µ
uY,t

1− uY,t

¶
+ αξ

#

×
½
Akα−1t u1−αY,t

·
1− (1− λ)(1− α)

λ

µ
1− uY,t
uY,t

¶¸
− ct
kt

¾
−ξAαkα−1t u1−αY,t + (1− φ)F (1− uY,t)λξφ−1t

+(1− φ)F (1− uY,t)λξφ−1t − λn

1− φ
+ (1− λ− α)n

¶
× 1− uY,t
(1− λ)uY,t + α(1− uY,t)

¸
uY,t,

kt+1 = kt +

·
ξt

µ
Akα−1t u1−αY,t

1− (1− λ)(1− α)(1− uY,t)
λuY,t

− ct
kt

¶
− n

¸
kt,

ξt+1 = ξt +

·
F (1− uY,t)λ ξφ−1t − λn

1− φ

¸
ξt.

Figure 2 depicts the paths of c, k, y, ξ, uY and the cost of capital rK
following liberalization programs which result in: (a) a 10 per cent increase in
the financial sector productivity parameter F ; and (b) a 20 per cent increase in
F. In each case, profits of financial firms which accrued to domestic households
pre-liberalization are repatriated abroad post-liberalization.
Output, consumption and capital per worker (y, c, and k respectively) ex-

hibit similar dynamic paths. In each case, the rise in productivity of the finan-
cial sector at the moment of liberalization results in labor being diverted from
final goods production into financial innovation. The production of final goods
therefore falls initially, resulting in both lower consumption and investment.
However, the resources poured into financial innovation results in an increase
in the financial sector’s transformative efficiency, represented by ξ. Over time,
capital accumulation picks up and rises above its pre-liberalization baseline
value. The increase in capital raises final goods production and consumption,
both of which then become permanently higher than their pre-liberalization
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levels. Eventually, the share of labor devoted to final goods production is re-
stored to its pre-liberalization value. The cost of capital rK jumps downwards
immediately after liberalization as the exodus of labor from the final goods
sector lowers the marginal product of capital (which is only used in final goods
production). The decline in the (per-capita) capital stock k then causes the
marginal product of capital and rK to rise again, until the rising stock of fi-
nancial products increases the transformative efficiency of the financial sector.
The cost of capital thereafter declines to its new steady-state level.
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Figure 2: Transitional dynamics for 10 and 20 per cent increases in F.
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4 Financial Liberalization and Foreign Talent
We now enrich our basic model by allowing financial liberalization to affect
growth through an additional channel: the ability to hire talented foreigners
in the financial sector. These foreign workers are more productive than their
domestic counterparts (we can think of them as embodying more human cap-
ital) and are compensated accordingly. In addition, we allow for the diffusion
of knowledge from foreign financial workers to domestic financial workers. Al-
though local financial firms prior to financial liberalization may in principle
attract talented (that is, highly productive) foreign workers, in practice they
may face several hurdles. Firstly, they may lack the infrastructure for such
overseas recruiting exercises. Secondly, talented foreign workers will seldom
want to work for a relatively small and parochial firm with little international
renown. A reputable multinational financial firm, such as Merrill Lynch or
Goldman Sachs, on the other hand, seldom encounters problems in posting
their talented employees abroad to their branch offices. Once these firms are
allowed to compete in the financial sector post-liberalization, the number of
highly productive financial workers from abroad will surely rise. Financial lib-
eralization therefore enables a developing country to access both best-practice
operating procedures as well as human capital from the world’s most sophisti-
cated economies (which are at the global financial-technology frontier.) Once
again, profits of financial firms are assumed to be remitted to their overseas
headquarters after the financial sector is liberalized.

4.1 The Model with Foreign Talent

4.1.1 The Financial Sector

A representative firm in the financial sector produces financial innovations by
hiring both foreign and domestic workers:

τ̇ = F̃ aελ
h
Lλ
τ +

¡
a1−εLf

¢λi
, (12)

where F̃ ≡ F τφ, Lτ ≡ uτL, Lf ≡ ΩLτ , {a, b} > 1, ε ∈ [0, 1] and λ ∈ (0, 1).
a denotes the relative productivity of foreign workers compared to domestic
workers while ε measures the degree of skill diffusion from foreign workers to
domestic workers. When ε = 1 full diffusion takes place so that domestic
workers become as productive as foreign ones. Ω denotes the ratio of foreign
workers to domestic workers employed in the financial sector. a1−ε (which
we shall denote as â) can therefore be interpreted as the relative productivity
of foreign workers vis-a-vis domestic workers after taking into account the
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learning rate ε. The financial innovator seeks to

max
Lτ ,Lf

πτ = Pτ F̃ a
ελ
h
Lλ
τ +

¡
a1−εLf

¢λi− wτLτ − wfLf , (13)

where wf = bwτ , so that b is the ratio of the foreign workers’ wage to the domes-
tic workers’ wage. The first-order conditions ∂πτ/∂Lτ = 0 and ∂πτ/∂Lf = 0
yield the following wage equations for the two types of workers:

wτ =
λPτ F̃ a

ελ

L1−λ
, (14)

wf =
λPτ F̃ a

λ

L1−λ
. (15)

Given the equilibrium condition wτ = wY = w̄, we can obtain an equation for
Pτ through equation (14) and then substitute it into equation (15) to get

Ω =

·
a(1−ε)λ

b

¸ 1
1−λ
.

Substituting the equations for Pτ and Ω into equation (13) yields the following
equilibrium profits for the financial sector:

πτ =
(1− λ) w̄uτL

λ
(1 + bΩ) . (16)

where bΩ ≡ (a1−ε/b) λ
1−λ . In the steady state, we need to write the price of

each financial innovation as

pτ ≡ Pτ
L1−κ

=
w̄uτ (1 + bΩ)

λγτξ
, (17)

where κ = λ/ (1− φ), γτ ≡ τ̇/τ and ξ ≡ τ/Lκ. Note that at every point in
time, the following intermediation condition must again hold:

rKK = rVK + Pτ τ̇ . (18)

4.1.2 The Final Goods Sector

As in the basic model,.the representative firm in the final goods sector seeks
to

max
LY ,K

πY = AK
αL1−αY − rKK − wYLY , (19)

where LY ≡ uYL and α ∈ (0, 1). The first-order conditions ∂πY /∂K = 0 and
∂πY /∂LY yield the following equations respectively:

rK = αAkα−1u1−αY , (20)

wY = w̄ = (1− α)Akαu−αY , (21)

where k ≡ K/L.
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4.1.3 Domestic Households

A representative domestic worker seeks to

max
cd,uY

Ud,0 ≡
Z ∞

0

c1−θ1d − 1
1− θ1

e−(ρ1−n)tdt, (22)

where cd ≡ Cd/L, subject to
K̇d = ξ̃ (rvKd + wY uYL+ wτuτL− Cd) , (23)

τ̇ = F̃ aελ (1 + bΩ) (uτL)
λ , (24)

rKK = rVK + Pτ τ̇ , (25)

K = Kd +Kf , (26)

1 = uY + uτ , (27)

where ξ̃ ≡ τ/L̃κ, L̃ ≡ L + Lf = (1 + Ωuτ )L, Kd ≡ kdL and Kf ≡ kfLf =
kfΩuτL. Kd is the capital stock owned by domestic workers, while Kf is the
aggregate capital stock of foreign workers.

4.1.4 Foreign Households

A representative foreign worker seeks to

max
cf

Uf,0 ≡
Z ∞

0

c1−θ2f − 1
1− θ2

e−(ρ2−ñ)tdt, (28)

where cf ≡ Cf/Lf and ñ ≡ u̇τ/uτ + n, subject to
K̇f = ξ̃ (rvKf + wfLf − Cf ) , (29)

rKK = rVK + Pτ τ̇ , (30)

K = Kd +Kf , (31)

1 = uY + uτ . (32)

4.1.5 Domestic Households’ Optimization Problem

The Hamiltonian for this optimization problem is given by

Hd ≡ c1−θ1d − 1
1− θ1

e−(ρ1−n)t

+νdξ̃

·
rKKd − wτuτL (1 + bΩ)

λ

Kd

Kd +Kf
+ wY uYL+ wτuτL− Cd

¸
+µF̃aελ (1 + bΩ) (uτL)

λ . (33)
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The control variables are cd and uY , the state variables are Kd and τ , and
the costate variables are νd and µ. The first-order conditions for the con-
trol variables ∂Hd/∂cd = 0 and ∂Hd/∂uY = 0 yield the following equations
respectively:

ċd
cd

= − 1
θ1

ρ1 +
ν̇d
νd
+

.

ξ̃

ξ̃

 , (34)

νd
µ

=
λF̃ aελ (1 + bΩ) (uτL)

λ

ξ̃
h

κΩuτ
1+Ωuτ

V̇d +
w̄uτL(1+bΩ)

λ

¡
Kd
K

¢2i , (35)

where V̇d = rvKd + wY uYL + wτuτL − Cd. The first-order conditions for
the state variables are given by equations (23) and (24). The first-order
conditions for the costate variables ∂Hd/∂Kd = −ν̇d and ∂Hd/∂τ = −µ̇ yield
the following equations :

− ν̇d
νd

= ξ̃

·
rK − w̄uτL (1 + bΩ)

λ

Kf

K2

¸
, (36)

− µ̇
µ

=
λF̃ aελ (1 + bΩ) (uτL)

λ τφ−1

κΩuτ
1+Ωuτ

V̇d +
w̄uτL(1+bΩ)

λ

¡
Kd
K

¢2 V̇d. (37)

Finally, the transversality conditions are

lim
t→∞

Kd (t) νd (t) = 0, (38)

lim
t→∞

τ (t)µ (t) = 0. (39)

4.1.6 Foreign Households’ Optimization Problem

The appropriate Hamiltonian is

Hf ≡
c1−θ2f − 1
1− θ2

e−(ρ2−ñ)t

+νf ξ̃

·
rKKf − wτuτL (1 + bΩ)

λ

Kf

Kd +Kf

+ wfLf − Cf
¸
, (40)

where the control variable is cf , the state variable is Kf , and the costate
variable is νf . The first-order condition for the control variable ∂Hf/∂cf = 0
yields the following equation:

ċf
cf
= − 1

θ2

ρ2 +
ν̇f
νf
+

.

ξ̃

ξ̃

 . (41)
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The first-order condition for the state variable is given by equation (29). The
first-order condition for the costate variable ∂Hf/∂Kf = −ν̇f yields the fol-
lowing equation:

− ν̇f
νf
= ξ̃

·
rK − w̄uτL (1 + bΩ)

λ

Kd

K2

¸
. (42)

Finally, the transversality conditions dictate that

lim
t→∞

Kf (t) νf (t) = 0. (43)

4.1.7 Steady-State Equations

In the steady-state, kd, cd, kf , cf , ξ̃ and uY are all constant. This fact enables
us to generate the following steady-state equations respectively:

ξ̃

·
rK − w̄uτ (1 + bΩ)

λk
+
w̄

kd
− cd
kd

¸
= n, (44)

ξ̃

·
rK − w̄uτ (1 + bΩ)

λk

Kf

K

¸
= ρ1, (45)

ξ̃

·
rK − w̄uτ (1 + bΩ)

λk
+
bw̄

kf
− cf
kf

¸
= n, (46)

ξ̃

·
rK − w̄uτ (1 + bΩ)

λk

Kd

K

¸
= ρ2, (47)

Faελ (1 + bΩ) uλτ ξ̃
φ−1

(1 + Ωuτ )
λ

= γ∗τ , (48)

− µ̇
µ

= − ν̇d
νd
+ γ∗τ − n, (49)

where γ∗τ = κn. Using equations (20), (21), (45), (47), and the constraint
given by equation (26), we have

kd =
α (ρ1 − ρ2) +Mρ2
(ρ1 + ρ2)M

k, (50)

kf =
k − kd
Ωuτ

, (51)

where
M ≡ 1− α

λ

uτ
uY
(1 + bΩ) . (52)

Using equations (20), (21), (47) and (50), we have

k =

"
Aξ̃ (2α−M)

ρ1 + ρ2

# 1
1−α

uY . (53)
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From equation (48), we have

ξ̃ =

"
Faελ (1 + bΩ)uλτ

(1 + Ωuτ )
λ γ∗τ

# 1
1−φ

. (54)

Using equations (20), (21) and (44), we have

cd = Ak
α−1u1−αY

·
α−M +

k

kd

1

uY
− n

ξ̃

¸
kd. (55)

Using equations (20), (21) and (46), we have

cf = Ak
α−1u1−αY

·
α−M +

k

kf

b

uY
− n

ξ̃

¸
kf . (56)

Substituting equations (44), (45), (47), (48) and (50) into equation (49)
gives us the following implicit function:

f(uY ) ≡ λnγ∗τ
ρ1 − n+ γ∗τ

− γ∗τΩuτ
1 + Ωuτ

− α (ρ1 − ρ2) +Mρ2
2α−M ,

which we can use to solve numerically for the steady-state value of uY by
setting f(uY ) = 0.

4.2 Comparative Statics and Model Implications

We present in graphical form the results of our comparative statics exercise.
These are divided into two broad categories. The first category analyses the
effect of changes in the parameters â, ε, b, A as well as a percentage increase in
F on the impact of financial liberalization. In particular, we show how vary-
ing these parameters affect the ratios of post-liberalization/pre-liberalization
steady-state values of u∗τ , u

∗
Y , ξ̃

∗
, c∗d and k

∗
d. For example, the solid line in the

graph on the top left corner of Figure 3a shows the effect of changing â (which
measures the relative productivities of foreign versus domestic workers) on
the post-liberalization steady state value of u∗τ (the fraction of the total labor
force that is working in the financial sector) divided by its pre-liberalization
value. If this ratio is one, then financial liberalization has no effect on the
steady-state value of u∗τ . The second category, illustrated in Figures 4a and 4b,
analyses the impact of varying levels of â, ε, b, A and a percentage rise in F on
post-liberalization levels of u∗Y , u

∗
τ , Ω

∗u∗τ , c
∗
d, k

∗
d and ξ̃

∗
. The composite vari-

able Ω∗u∗τ measures the size of foreign workers as a proportion of the domestic
population. Note that these comparative statics are performed by altering
the value of one parameter at a time while keeping the others constant. The
baseline values for all the parameters are shown below:
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Figure 3a: The effect of financial liberalization on u∗τ , u
∗
Y , ξ̃

∗
, c∗d and k

∗
d for

various levels of â, ε and b.
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Figure 3b: The effect of financial liberalization on u∗τ , u
∗
Y , ξ̃

∗
, c∗d and k

∗
d for

various levels of A and percentage rise in F .

For the first category, we find that financial liberalization accompanied
by an inflow of foreign talent raises u∗Y but lowers u

∗
τ . For the given set of

baseline parameter values, the changes in these two variables are approximately
3.26% and negative 43% respectively. The introduction of foreign talent to the
financial sector invariably results in a relocation of domestic workers from the
financial to the final goods sector. The proportion of change in these two
variables depends, however, on the values of â and b. Our results indicate that
a higher relative level of foreign worker’s ability is associated with a larger
percentage change in u∗Y and u

∗
τ while the converse is true for a higher foreign

wage rate relative to the domestic wage rate. In other words, more domestic
workers in the financial sector will be displaced by foreign workers if the latter
are relatively more productive; fewer domestic workers will be displaced when
foreign workers are relatively more costly to hire, ceteris paribus.
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The comparative statics for ξ̃
∗
, c∗d and k

∗
d are more complicated. For the

range of values considered for each of the five parameters, financial liberal-
ization when accompanied by an inflow of foreign talent raises the level at
which savings are transformed into productive capital, ξ̃

∗
, and consumption

per domestic worker, c∗d. The effect on physical capital per domestic worker,
k∗d, however, is ambiguous. For low values of â and high values of b, the effect
will be negative for k∗d and vice-versa. For the given set of baseline parame-
ter values, the changes in ξ̃

∗
, c∗d and k

∗
d are approximately 90.5%, 19.4% and

11%. The proportionate change in these variables depends on the values of
the parameters â, ε and b, and the percentage rise in F . The results show
that a higher level of â, ε or percentage rise in F is associated with a larger
percentage change in ξ̃

∗
and c∗d post-liberalization while the converse is true

for a higher level of b. In general, the economy can benefit from a higher rate
of transformation of savings and domestic workers are more likely to experi-
ence an increase in their levels of consumption and physical assets following
the liberalization of the financial sector when foreign workers are relatively
more able, relatively less costly to hire, the learning rate of domestic workers
is higher, and the rise in the level of technology in the financial sector, F , is
higher.
The next set of diagrams, Figures 4a and 4b, show the effect of various pa-

rameters on the post-liberalization steady state values of the state and control
variables, and are drawn with two vertical axes. The axis on the left measures
the first variable in the legend while the one on the right measures the second
and third. For the variables u∗Y , u

∗
τ and Ω∗u∗τ , the results indicate that only â

and b have a systematic impact on them. The impact of a positive change in
the former is positive on u∗Y and Ω

∗u∗τ but negative on u
∗
τ while the converse is

true for the impact of a positive change in the latter. In other words, holding
the cost of hiring talented foreigners constant, the higher the relative level of
ability of these workers, the more of them will be hired and the more domestic
workers in the financial sector will be displaced. On the other hand, for a
given relative level of ability, the more costly foreign workers are, the less of
them will be hired and fewer domestic workers in the financial sector will be
displaced.
As for the variables ξ̃

∗
, c∗d and k

∗
d, our results indicate that the parameters

â, ε and A, and the percentage rise in F have a positive impact on them
while the opposite is true of b. The only exception is the impact of A on ξ̃

∗
,

where there exists no systematic relationship between the two. In this model,
we see that any economy regardless of its level of technology, A, can benefit
from liberalizing its financial sector and hiring foreign workers. An economy
with a higher level of technology enjoys higher levels consumption and physical
capital per domestic worker regardless of the state of its financial sector.
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Figure 4a: The impact of varying levels of â, ε and b on u∗Y , u
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∗
.

Furthermore, a more sophisticated and developed financial sector has no
bearing at all on the level of technology used in final goods production. We
can envisage an economy where the financial sector plays an important role
in the development of new and better technologies via the R&D sector, as in
the more advanced model explored in Chou and Chin (2001). This entails
specifying an R&D equation of the following form:

Ȧ (t) = B [(1− uY (t)− uτ (t))L (t)]η τ (t)β A (t)ψ ,
where A denotes the state of technology in final goods production, B is a
constant, 1 − uY (t) − uτ (t) is the share of labor devoted to R&D, and η,
β and ψ are elasticity parameters. The stock of financial products, τ , which
increases with financial innovation, determines the rate at which new technical
blueprints, Ȧ, are produced. There is thus a spillover effect from financial
innovation on real, technological innovation. Under such circumstances, the
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liberalization of the financial sector coupled with the hiring of talented foreign
workers will raise long-run growth by affecting total factor productivity.

5 Summary and Conclusion
In this paper, we set out to study the macroeconomic impact of financial liber-
alization using a two-sector growth model. In addition to a final goods sector,
the model incorporates a financial sector comprising financial innovators and
financial intermediaries. Financial innovators use labor and spillovers from
existing financial products to create financial innovations. The stock of fi-
nancial products then determines the efficiency of financial intermediaries in
transforming the savings of households into productive investment by firms.
While we discussed the latest empirical research focusing on the liberalization
of the stock market and banking sectors, we define financial liberalization in
the context of our growth model as an event which raises the marginal produc-
tivity of financial innovators (the magnitude of which is initially exogenously
determined) but also one that causes the products of these innovators, which
previously accrued to domestic households, to be repatriated to the countries
in which the foreign financial firms originate. Financial liberalization therefore
affects the efficiency of financial intermediation by raising the rate at which
new financial products are created, which in turn impacts growth through the
capital accumulation process. Opening the financial sector to greater foreign
participation in both the stock market and the banking sectors is thus consis-
tent with our definition of financial liberalization.
Our results suggests that financial liberalization results in higher steady-

state levels of consumption, capital and output per capita. However, these
salubrious effects only kick in after a considerable period of time has elapsed
(up to ninety periods in our simulations). During the transition to the new
steady state, these per capita variables decline below their pre-liberalization
levels. This is not only because financial liberalization results in the loss of the
financial sector’s profits from the domestic households’ perspective, but also
because the rise in productivity of financial innovations causes a reallocation of
labor from the final goods sector to the financial sector. Final goods production
thus falls, along with consumption (of these final goods) and capital accumu-
lation. There is a considerable lag before the rise in transformative efficiency
of financial intermediaries (due to increased financial innovation) reverses the
decline in per-capita consumption, capital and output. Although the share of
labor devoted to final goods production jumps downwards immediately after
liberalization, it eventually returns to its pre-liberalization value. The cost
of capital or the interest rate exhibits a cycling effect before it declines to
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its post-liberalization steady-state value, which is below its pre-liberalization
counterpart. Our simulations also demonstrate that the larger the spillovers
of existing financial products on financial innovations, the greater the long-
run impact of financial liberalization on per-capita consumption, capital and
output.
The second half of this paper looked at a more sophisticated version of our

model where financial liberalization endogenously affects the rate of financial
innovation through the addition of “talented” foreign workers whose produc-
tivity (and wage) are higher than that of domestic workers. We also allowed
for the diffusion of expertise from foreign to domestic workers, so that their
productivities converge through learning effects. The results of our compar-
ative statics exercise show that the positive effects of financial liberalization
on long-run consumption and capital stock per worker (as measured by the
ratios of their pre- and post-liberalization steady-state values) are magnified
the higher the relative productivity of foreign workers (holding their relative
wages fixed) and the greater the learning rate of domestic workers. These two
parameters are also positively related to the post-liberalization steady-state
levels of consumption and capital per worker, as are the level of technology
in final goods production and the percentage increase in the productivity of
financial innovators.
Possible extensions of the model include modelling the real R&D process

(as in Romer (1990), Jones (1995), Grossman and Helpman (1991c), etc.) and
allowing the state of development of the financial sector (proxied by the stock
of financial products) to affect the endogenous rate of technological progress,
and to allow for the diffusion of expertise from foreign workers to domestic
workers to depend on the stock of human capital, which is to be modelled
endogenously.
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