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Abstract
This paper examines the effects of increasing returns on international lending and borrowing with moral hazard.
Introducing increasing returns in a two-country general equilibrium model yields possible multiple equilibria and
helps explain the possibility of capital flows from a poor to a rich country. A country may need to borrow
sufficient amounts internationally to reach a minimum investment threshold in order to invest domestically.
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1. Introduction
This paper contributes to the literature in two ways. First, it describes the conditions that mayrequire a country to
borrow a minimum amount of funds in order for it to invest domestically and repay the loans. Second, this paper
helps explain why capital tends to flow to rich countries instead of flowingto poor countries. International
lending and borrowing is modeled with increasing returns to investment, in a setup characterized by the presence
of moral hazard. Under thisenvironment, thresholds, multiple equilibria, and perverse international capital flows
can exist. Asymmetric information and the possibility of capital flight, which create inefficient investment, are
incorporated in the analysis. The model extends that of Gertler and Rogoff (1990), which only examines the case
of diminishing returns.
Capital predominantly flows to rich countries. For instance, in 2008, countries above the median GDP per capita
level received about five times more private capital inflows than countries below the median income level, despite
the recent upsurge in capital flows to developing countries. 1If production was characterized diminishing returns to
capital, then capital should get the best return in the poor, capital scarce countries, all else equal. However, all
else is not equal, as rich countries have a more educated and skilled labor force, more developed financial
markets, better infrastructure, and more stable and market-oriented institutions than poor countries. All of these
other factorsincrease the productivity of capital and give rich countries the advantage in attracting capital flows,
despite having more capital per worker than the poor countries.
If the rich countries have such an advantage, it seems like a difficult task for poor countries to attract as much
foreign investment as the rich countries, despite diminishing returns.A standard growth model and an empirical
study can demonstrate diminishing returns to capital, controlling for other factors; however, a trap can exist where
poor countries lack infrastructure, education, quality institutions, and developed financial markets, which lead to
low investment from abroad, which leads to little economic growth, which leads to little improvement in
infrastructure, education, and financial markets. Of course, the poor countries are not innocent victims of
circumstance, as many institutional changes can occur without a great deal of investment. Alfaro, Kalemh-Ozcan,
and Volosovych (2008)show that the Lucas Paradox can be mostly explained by institutional differences between
countries. However, while little economic investment is required to develop a quality constitution and set of
rules, sufficient funds and incentives must exist to administer and enforce the rules. Property rights cannot easily
be protected if there is not a sufficiently funded police force or court system. A reputation of corruption and a
lack of trust in government may be difficult to break. Low taxes and less burdensome regulation can provide
incentives for investment, but if infrastructure is poor and the labor is unskilled, the institutional changes may not
be sufficient for much foreign investment.
1

Capital inflows were defined as the summation of foreign direct investment and portfolio investment per capita (World
Bank, 2009. World Development Indicators. Washington, D.C.)
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Poor countries have a lot to overcome before they can attract as much capital inflows as the rich countries.
Essentially, they must become rich to attract a high level of capital flows, but becoming rich may be a long
process without substantial international investment. With very little capital, output is low, education is low,
infrastructure development is low, institutions are ineffective, and the return to investment is low. With additional
capital, combined with institutional improvement, output is higher, education can improve, infrastructure can
progress, and the marginal product of capital is higher than with less capital. The returns will increase as capital
increases until the other factors that influence the productivity of capital,besides the level of capital, do not make
up for the ineffectiveness of capital as it becomes abundant relative to other factors.
To an investor, capital would appear to have increasing returns, since he or she cannot control for other factors
when making an investment. Large investments can improve infrastructure, technology, etc. Diminishing returns
should appear to set in at high levels of investment, as standard economic theory suggests, but a poor country may
not be able to achieve such a threshold without large amounts of foreign investment. However, investment in the
poor country may not be worthwhile unless the investment is very large, and if the net return yields more than the
net return from investing in a rich country. In reality, such investments can be quite risky, since improvements in
institutions, financial markets, and infrastructure may not occur, even though the likelihood of such improvements
occurring is greater when investment is large. For instance, a loan to a government may allow it to develop
infrastructure and improve education, but those funds may instead be wasted, invested abroad, and/or used to
suppress political opponents who may have better growth-oriented policies. The idea of a “Big Push” of funds to
stir economic growth will likely not be successful unless the quality of institutions simultaneously improves.
Increasing returns continues to be an active research area given the empirical support it has garnered in recent
studies. It is interesting to note, for example, that the 2008 World Development Report, when referring to
agriculture emphasizes the importance of increasing returns. Thus, we read that although “many international and
national investments in R&D have paid off handsomely, with an average internal rate of return of 43 percent in
700 R&D projects evaluated in developing countries in all regions,”in Sub-Saharan Africa investment was
considerably lower in part because the “small size of many of these countries prevents them from capturing
economies of scale in agricultural R&D … For these countries, sharply increased investment and regional
cooperation in R&D are urgent” (p.14-15). The evidence, such as the above example, also suggests that with
increasing returns, the initial returns are low.
Further, previous studies have suggested that there are increasing returns with infrastructure and manufacturing.
Rodriguez (2008) finds evidence of increasing returns to manufacturing across nations. The empirical work on
infrastructure and IT in the U.S. by Duggal, Saltzman, and Klein (1999, 2007) supports initial increasing returns.
Fingleton and McCombie (1998) find evidence of increasing returns in EU manufacturing. Oliveira, Jayme, Jr.,
and Lemos (2006) find evidence of increasing returns in manufacturing in Brazil, and Park and Kwon (1995) find
support for economies of scale in Korean manufacturing.
Despite all this literature on increasing returns, studies of its effects on international lending and borrowing are
conspicuous by their absence. Studies have tended to focus on explaining why we see increasing returns, such as
human capital or institutional differences, or differences in total factor productivity. However, not many have
actually modeled the effects of increasing returns on lending and borrowing. In one exception, Spiegel (1995)
introduces increasing returns in a sovereign debt model and finds that the equilibrium credit constraint as a share
of the capital stock is increasing in the capital stock, and increasing returns enhances the potential for long-term
lending strategies. Another exception isKarayalcin, McCollister, and Mitra (2001). They discuss the possibility
of a minimum debt threshold, where a nation may default if it does not get enough funds to take advantage of
economies of scale through infrastructure investment.This paper‟s setup differs from Spiegel (1995) and
Karayalcin, et al. (2001), asymmetric information and uncertainty is introduced, and the focus is on equilibrium
investment levels and perverse capital flows.
Introducing asymmetric information between the lender and borrower, along with the possibility of capital flight,
gives rise to a moral hazard problem. The issue of moral hazard has been discussed extensively in the literature
on international lending and borrowing, and especially in regards to the IMF [see Atkeson (1991), Corsetti, et al
(2006), Gertler and Rogoff (1990), and Lane (1999)]. Most of this literature, however, unlike the present paper,
restricts attention to an environment with constant returns to scale.Section 2 develops and solves the of a smallopen economy; section 3 solves a two-country general equilibrium model; section 4 concludes.
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2.1. Model for a Small Open Economy

To see the effects of increasing returns on borrowing and lending, the model introduced in Gertler and Rogoff
(1990)2is used.A small country faces agross world interest rate RW (or 1  r W , where r W is the net interest rate).
The country is populated by entrepreneurs who live for two periods. They invest on date 1 and consume only on
date 2. This allows us to focus on the investment story and abstract from the effects of consumption smoothing,
without losing any major insights. The representative entrepreneur is risk neutral with the linear utility function:
U (C1 , C2 )  C2 .
(1)
In the first period, the entrepreneur receives an exogenous endowment of Y1 , which can be either invested abroad
at the world riskless interest rate RW or invested in a risky domestic firm. Investment in the domestic firm at
level I yields an output Y2 distributed as follows:

Z with probability  ( I )
Y2  
0 with probability 1   ( I )

(2)

The assumption  ' ( I )  0 is made; however, unlike Gertler and Rogoff (1990),  ' ' ( I )  0 only exists at high
levels of investment. Initial levels of investment have increasing returns. We should, however, eventually expect
the returns to be diminishing after some investment level.Here the model assumes the source of the increasing
returns is internal to the firm, but alternatively one can view the returns as external and assume that the borrower
is the government and benevolent social planner, while the firm is the aggregate economy.
The entrepreneurs would like to maximize the present value of their expected return on their home
investment, i.e.,

I 

 ( I )Z
RW

.

(3)

The first-order condition of this maximization problem is
 ' ( I )Z  RW .

(4)

For the case of diminishing returns to investment, some investment level I is the unique solution to the
maximization problem. Withinitial increasing returns, two investment levels satisfy the first-order condition,
where the higher of those two levels achieves the maximum value from domestic investment (if there is an
interior maximum). Note that in the diminishing-returns model by Gertler and Rogoff (1989) it is assumed
 ' (0) Z  R W to ensure that a positive level of investment is efficient under symmetric information. The
assumption that returns are low at low levels of investment,  ' (0) Z  R W , are more realistic when there are
increasing returns. A positive level of domestic investment can still be assured under symmetric information if
the marginal returns eventually surpass the world rate enough to make up for the initial low returns.
Evidence shows that most capital flows to rich countries, but capital doesn‟t flow just to the richest country.
Therefore, the evidence suggests that there are increasing returns, but there are diminishing returns at high income
levels. The model incorporates this fact by assuming thatthe expectedreturn on domestic investment,  ' ( I ) Z , is
below the riskless world rate, RW , at low levels of investment, the domestic return exceeds the world rate for a
higher range of investment levels, and the domestic return is lower than the world rate at very high levels of
~

investment. Define

I

as the investment level where the returns to domestic investment switch from increasing to
~

~

decreasing, or  ' ' ( I )  0 for I  I and  ' ' ( I )  0 for I  I . Define I and I as the investment levels where
the expected return to domestic investment equals the riskless world return. As will be shown in the following
sections, the efficient investment level, I , will not be achieved under asymmetric information, and when
combined with increasing returns, then little or no domestic investment may occur in poor countries.
2

I use a slightly simpler version from the textbook of Obstfeld and Rogoff (1996).
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2.2. Incentive Compatibility
Before solving for the possible loan contracts, we must define the incentive constraints of the borrowers and
lenders. Define L as the amount of funds that the domestic entrepreneur may secretly lend abroad instead of at
home, and D as the amount of the loan to the domestic entrepreneur. The individual faces a period 1 finance
constraint
(5)
I  L  Y1  D ,
where
L  0 and D  0 .
If foreign lenders are risk neutral and operate in a competitive market, they will earn the expected return of RW on
any loan to an entrepreneur. In the “bad” state of nature, where Y2  0 , no repayment would be possible by the
entrepreneurs. Therefore, promised payments by the entrepreneurs have to be of the state-contingent form P(Y2 )
, where P(0)  0 and P(Z ) isdetermined by the lender‟s zero-profit condition:

 ( I ) P(Z )  RW ( I  Y1 ) .

(6)

The zero-profit condition states that the expected payment will give the lenders a return of RW on their loan,
given the entire amount of the loan is domestically invested by the entrepreneurs.
If domestic investment equals I , this would be the first-best borrowing contract.
In the case with initial
W
increasing returns, I is the higher of the two investment levels which solve  ' ( I ) Z  R . If there is
asymmetric information, we will see that the borrower will not be able to commit credibly to an investment of I .
Alternatively, a lower investment level I also satisfies the first-order condition, but the borrower is making a
lower return than RW on all of the domestic investment below I . Since the returns are low at low levels of
investment, but then exceed the world interest rate over some range of investment, domestic investment must be
large enough in order for the total return to exceed the total return from putting all the funds in the riskless world
asset.
As in Gertler and Rogoff (1990), the following information structure exists: The borrower‟s first-period
endowment Y 1 , gross borrowing D, and second-period output Y2 , are directly observed by the lender. However,
the lender does not directly observe the first-period investment, I , or the amount of funds,L, that the entrepreneur
may secretly lend abroad in period 1. The borrowers don‟t choose I and L until the lenders set the amount and
terms of the loan, D and P(Y2 ) . If the “bad” outcome occurs, the lender cannot prove that the borrower did not
use the entire amount of the loan for domestic investment.
Given the state-contingent payment plan and the possibility of secretly acquiring foreign assets, the borrowers
will try to maximize expected second-period consumption:

EC2   ( I )[Z  P(Z )]  [1   ( I )][0  P(0)]  RW L

  ( I )[Z  P(Z )]  [1   ( I )]P(0)  RW (Y1  D  I ) .
The first-order condition for an interior maximum with diminishing returns is given by

 ' ( I )[Z  P(Z )  P(0)]  RW .

(7)
Note that if the debt payments were the same in both the good and the bad state, there would be no moral hazard
problem since the borrowers would have the incentive of choosing the efficient level of investment, which
W
satisfies  ' ( I ) Z  R . However, since the “bad” state yields nothing, the borrowers cannot repay (unless there
is capital flight, but that is secret), so we set P(0)  0 . The optimal contract under commitment is

P( Z ) 

R W ( I  Y1 )

 (I )

, which is positive if Y1  I . Since expected repaymentis positive at the efficient level of

investment, the expected return of the borrower‟s domestic investment,  ' ( I ) Z , must be must be higher than the
world rate RW in order for the borrower to get a net marginal return of at least RW after the repayment.
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Therefore, if offered a loan to invest the efficient amount,the borrower will instead choose to invest some amount
less than the efficient investment level I in the domestic economy, which yields a higher expected return than at
the efficient investment level. The intuition is that the lender agrees to share the risk of a bad outcome whenever
P(Z) is different from P(0), and the borrower has less incentive to invest in the good outcome and secretly lends
some money abroad to earn the sure return RW .
Under increasing returns to investment, there can be two investment levels for a given expected repayment that
sets the net marginal return to the borrowers equal to the world interest rate. If investment happened to be at the
point where the net marginal return equals the riskless interest rate, then the borrower will be indifferent between
investing domestically and lending at the world rate. However, in this setup the borrower determines how much
to invest, and if the repayment is low enough to give the borrower a net marginal return equal to the world rate,
the repayment may still be too high to give the borrower an overall return that would exceed what the borrower
could have made lending everything at the world rate.Since returns are low at low levels of investment,
 ' (0)Z  R W , in order for the borrower to be willing to invest the funds domestically, there must be a
sufficientrange and magnitude at which the expected net marginal returns exceed the world rate,

 ' ( I )[Z  P(Z )]  RW , to get an expectedoverallreturn from investing domestically that is higher than investing
everything at the world rate,

 ( I )[Z  P(Z )]  IRW .

(8)

Assuming the domestic marginal returns do sufficiently exceed the world rate enough such that there exists a
positive repayment amount that the borrowers would be willing to accept, there is no guarantee that such a
repayment would be acceptable to the lenders. Sufficiently poor countries may not be able to contract for funds
since the repayment required by the lenders in the good state may be too large to meet the condition in equation
8.If the borrower‟s income is large enough, we can solve for contracts that are compatible with both the incentives
of the borrower and the lender, which is done in the next section.
2.3. Equilibrium Incentive-Compatible Contracts
We can now solve for the possible incentive-compatible contracts, where both the borrowers and the
lendersexpect to earn a return that will give them at least the riskless return, RW . From the borrower‟s first-order
condition and equation 8, the incentive compatibility constraint can be written as

P( Z )  Min[ Z 

RI
R
,Z 
].
 (I )
 ' (I )

(9)

The incentive constraint says that the expected repayment cannot be too high such that the borrower could have
made a higher overall return from secretly lending everything at the world rate, nor can the repayment be too high
such that the net marginal return is lower than the return on the riskless world asset.Unlike the model with
diminishing returns to investment, as explained below, we have an incentive compatibility constraint that is
increasing for low levels of investment and decreasing for higher levels of investment. Graphically, this is shown
in Figure 1, where IC(1) is the first condition that must be satisfied in the incentive constraint, while IC(2) is the
second. The portion that satisfies both conditions is the incentive constraint (IC).
If the domestic marginal return to investment starts out lower than the riskless world rate at low investment levels,
then the borrower will invest domestically only when it can invest enough fundsto get a sufficient amount of
higher marginal returns to be worth it. The borrower‟s incentive constraint will intersect the horizontal axis in
Figure 1 when the expected domestic output equals the total riskless return,  ( I ) Z  IR , since the borrower
will not agree to any positive repayment for any investment lower than this level under increasing returns.Once
the expected domestic output exceeds the total return from investing in the riskless asset, the risk-neutral borrower
would be willing to make a positive repayment. Therefore, the slope of the incentive constraint is initially
positive. The expected repayment acceptable to borrowers,  ( I ) P(Z ) , will increase as long as the gap between
W

the expected output,  ( I ) Z , and the return on the riskless asset, IRW , increases. This gap will be at its largest
when the marginal domestic return equals the world interest rate (the higher I that solves the equation),
 ' ( I )Z  RW .
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The acceptable contracted repayment to the borrowers in the good state, P(Z ) , will increase as long as the net
marginal return,  ' ( I )[Z  P(Z )] , exceeds the world rate RW . Solving the first condition of the borrower‟s
incentive constraint in equation (9), Z 
highest when I 

RW I
, for a maximum, we would find that the acceptable repayment is
 (I )

 (I )
RW
. At this investment level, P( Z )  Z 
, which is the second incentive ' (I )
 ' (I )

constraint condition, where the expected net marginal return equals the world interest rate. For investment levels
above this level, the borrower‟s incentive constraint is now the second condition in equation (9).
While some higher repayment than specified in the second condition of the incentive constraint may still give the
borrower a higher overall return than lending at the world rate, the borrower will not repay such an amount that
would make the net marginal return on domestic investment less than the risk-free interest rate. This second
condition of the incentive constraint is increasing under increasing returns and decreasing under diminishing
returns. If the borrower can invest enough domestically such thatthe repayment is lower in the second condition,
it must be the case that there is decreasing returns to scale. The expected net total return can be thought of as the
average return given a repayment, which will only catch up to the marginal return if the marginal return declines.
Intuitively, the second condition of the incentive constraint in Figure 1 intersects the horizontal axis at I and I .
Any domestic investment level below I or above I will provide a marginal return less than the return in the
world market, so no repayment would be acceptable for a borrower. The first condition of the incentive
constraint, IC(1), intersects the horizontal axis when the expected output equals the expected return that could be
made from investing everything in at the riskless rate,  ( I ) Z  RI . The first intercept of IC(1) comes at a
higher investment level than the first intercept of IC(2) since the total return from investing in the domestic
economy will not exceed the amount that could be made from lending everything at the world rate until the
domestic marginal returns have sufficiently exceeded the world interest rate. The second horizontal intercept of
IC(1) comes at higher investment level than the second intercept of IC(2) since the borrower may still expect an
overall positive return even if for some range of investment the marginal return did not exceed the riskless world
rate.
In Figure 2, the incentive constraints of the borrower and lender are drawn. The zero-profit condition of the
lenders, P( Z ) 

R W ( I  Y1 )
, intersects the horizontal axis at I  Y1 . If investment equals the endowment
 (I )

income in equilibrium, then there is no borrowing or lending, so there would be no repayment. Once investment
is greater than the endowment, we would see some positive amount of repayment necessary for the zero-profit
condition to hold. As debt initially grows, the amount of the repayment must increase since the lender must get
repaid some positive amount in order to break even. Therefore, the slope of the zero-profit condition must
initially be positive. Under diminishing returns, it can be shown that it will always have a positive slope. In
Figure 3, the zero-profit condition is drawn with a positive slope.
However, if there are some initial increasing returns, then the slope of the zero-profit condition may actually be
negative under some range of investment levels. If the marginal returns increase high enough, then it is possible
that the additional debt increases the probability of the good state enough such that the repayment required to
break even will decrease. To see this, if we calculate the first derivative from the zero-profit condition,

P( Z )
,
I

we can find that it will be positive if  ( I )  D ' ( I ) , which is not necessarily true under increasing returns to
scale. What this means is that it is possible that an increase in loans to the borrower may actually decrease their
real debtsince the borrowers can be allowed to repay less because of the decrease in uncertainty that the
investment will be successful.
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In addition, given the slope of the borrower‟s incentive constraint, even without a dip in the zero-profit condition,
it is possible that the borrower may not be willing to agree to repay an acceptable amount to the lenders at some
low amount of debt, but at a higher level of debt the borrowers and lenders may achieve an incentive-compatible
contract. This case is shown in Figure 2. While a dip in the zero-profit condition is possible if we assume the
income is low enough, there is no guarantee given such parameters that the zero-profit condition will ever allow
for a repayment that is low enough for the borrowers to accept. With a sufficiently high income, a contract may
be possible between the borrower and lenders, but the zero-profit condition may not have any negative slope if it
the initial income level where the increasing returns are exhausted. In Figure 2, the zero-profit condition is drawn
given a sufficiently high income where there is no range at which the slope is negative.
In Figure 2,the endowment incomeof the borrower (where ZP equals zero) is not sufficient to make domestic
investment worthwhile (where IC equals zero) without any loans. For a small amount a debt, the borrower would
still not invest domestically, which would create the bad domestic outcome and no repayment. For a large enough
debt, such that investment can reach the borrower‟s incentive constraint, the borrower would be willing to invest
domestically if the promised repayment in the good outcome is low enough. The lenderswill agree to the contract
if the expected repayment,  ( I ) P(Z ) , gives them at least the riskless rate. In Figure 2, the borrower and lender
*

*

can agree on a loan that leads to investment between I and I . The largest loan possible in this example is one
*

that leads to the investment level of I , which will be the equilibrium under no other constraints.
In the example in Figure 3, the only feasible contracts are where the zero-profit condition of the lenders meet the
first condition of the incentive constraint of the borrowers (see IC(1) in Figure 2). This says that in equilibrium,
the borrowers are investing domestically and getting a marginal return that is not only higher than the world
interest rate, but if the repayment is included, the net marginal return is still higher than the riskless interest rate.
This possible result differs than what can happen if only diminishing returns were assumed (and higher initial
returns), where the borrowers would only be concerned about the net marginal return on the additional investment
*

and not the expected overall return from the investment. Where investment equals I , repayment that sets the net
marginal return equal to the world interest rate would be at a higher repayment than the repayment on the
*

incentive constraint in Figure 2, which can be seen in IC(2) in Figure 1. If investment was at I , then the
borrowers would be willing to accept a higher repayment at the margin, but since the borrowers do not have to
invest anything domestically, they would not accept any repayment that would on average give them a lower net
*

return than what they could have made lending at the world rate. For investment above I , the repayment that the
lenders need in order to break even exceeds the amount that the borrower would be willing to make, even though
the amount that the borrower would be willing to repay increases. Therefore, with initial increasing returns, a
sufficiently poor country may get less debt, invest less, and have a higher domestic return than compared to the
case with only diminishing returns.
A larger endowment income may shift the ZP curve to where it only intersects the IC curve on the IC(2) portion.
In this case, the borrower will accept a repayment that sets the net marginal return equal to the world interest rate.
A higher repayment may still give the borrower an expected positive net overall return, but the borrower could
benefit more by secretly lending any funds that allow for investment to exceed the point where the net marginal
return equal the riskless rate. The lenders, therefore, would not be willing to lend any amount above the point
where the two curves intersect. This result is similar to the case where only diminishing returns to scale is
assumed. If the endowment income is much smaller than the example in Figure 2, then the lenders and borrowers
cannot agree on any loan amount. This differs from the diminishing-returns case, where initial returns are high
and there will always be some amount that the two parties could agree on.
We can also see that in an equilibrium that yields a contract, the borrowers will not secretly lendany amount at the
world rate. As long as the contract is incentive-compatible for both the lenders and borrowers, there will be no
capital flight. If the borrower chose to secretly lend abroad, then it must mean that the promised repayment in the
good state was too high to invest all the loans domestically. This would mean that the repayment and investment
schedule was not on the incentive constraint of the borrower, and hence not an equilibrium contract.
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3. Two-Country Equilibria with Increasing Returns
In this section, increasing returns will be introduced in a two-country model. We will see how introducing
increasing returns can further explain the possibility of capital flows from the poor country to the rich country. In
fact, as will be shown, capital must flow from the rich country to the poor country under diminishing returns as
we go from autarky to free international capital flows in this model. With increasing returns, capital can flow
from the poor country to the rich country, as in capital flight from the Southern cone.
Assume two countries, Rich and Poor, have equal populations. In each country, a fraction s of the population are
savers, and 1-s are entrepreneurs. The savers can diversify their portfolio and assure themselves of a riskless
return of R , which will be solved for in this section. In the Rich country, both entrepreneurs and savers have an
r
p
endowment of y1 , while in the Poor country they have an endowment of y1 . Both countries have identical
r

p

preferences and technologies. Individuals in the Rich country have a higher endowment, y1 > y1 . As in the
small country case, define the utility function as U (C1 , C2 )  C2 , so all of the first-period income will be
invested.
If there were no asymmetric information, then we would expect the investment levels in the Rich and the Poor
countries to be governed by the first-order conditions,
 ' ( I r )Z  R r and  ' ( I p )Z  R p . Under full information we would have the optimal level of investment for
r

p

both countries, I  I . The world interest rate would then be equal the common expected return,
r

p

 y1r  y1p 
Z
 2(1  s) 

 ' ( I )Z   ' ( I )Z   ' 

(10)

where the investment levels are per entrepreneur. Intuitively, if the income will flow to the country yielding the
highest rate of return, and the countries‟ have the same technology with eventual diminishing returns, then we
would expect half of the world income to be invested by entrepreneurs in one country and the other half to be
invested by the entrepreneurs in the other country.
Under the full-information case with only diminishing returns, savings cannot flow from the Poor country to the
Rich country as we go from autarky to free international capital flows. If savings did flow from the Poor country
to the Rich country, then it must have meant that the Poor country had a lower marginal product under autarky.
However, this means that the initial endowment of the Poor country per entrepreneur must have been greater than
yp
y p  yr
p
r
the efficient level of investment per entrepreneur, or
. The inequality simplifies to y  y ,

1  s 2(1  s)
which is a contradiction. In the efficient outcome under full information and diminishing returns, savings must
flow from the Rich to the Poor country.
However, the efficient outcome is distorted when there is moral hazard with state-contingent repayment plans.
We would then expect a poor country that has to borrow more to reach I would have a more severe moral hazard
problem than a rich country, given that it has to pay more in the good outcome, and it would be given a contract
that yields less investment than a rich country. By introducing initial increasing returns, we will see that this
inefficiency can be worse. With increasing returns, the moral hazard problem could create an even bigger
investment gap between the Poor and the Rich country than if there were only diminishing returns. When
entrepreneurs of the rich country have the advantage of not having to borrow as much (or pay back as much) as
the entrepreneurs of a poor country for a given level of investment, the rich country has a less severe moral hazard
problem since the difference in repayment in the two states of nature is not as great. The rich country can then
contract for more funds that leads to more investment than in the poor country, and with increasing returns get a
higher rate of return, which leads to even more funds and investment and a greater gap in investment levels
between the two countries.
r

p

As in Gertler and Rogoff (1990), both y1  I and y1  I in equilibrium, so entrepreneurs in both countries
must be financed by the savers to achieve the first-best equilibrium. In this two-country general equilibrium
model, all the income will be invested.
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The question of this section is how the income will be distributed between the two countries, and how will the
introduction of initial increasing returns affect the investment gap between the two countries. In the two-country
model we can see how introducing increasing returns helps explain the possibility of savings flowing from the
poor to the rich country.
As in the small-country case, under asymmetric information, the contracts that are offered to the entrepreneurs
must satisfy their incentive-compatibility constraints. In this two-country setup, where the world rate is
endogenous, the borrowers are concerned with the incentive constraints

P( Z ) r  Z 

Rr
Rp
p
and
,
P
(
Z
)

Z

 ' (I r )
 ' (I p )

which is IC(2) in the small-country case.The first condition of the incentive constraint in the small-country case is
not applicable here since the world rate is endogenous and cannot be taken as given when considering the total
investment. As in the small country case, the lenders face the zero-profit conditions

P( Z ) r 

p
R r ( I  y1r )
R p ( I p  y1 )
p
and
.
P
(
Z
)

 (I r )
 (I p )

We can solve for R by setting the borrower‟s incentive constraint and the lender‟s zero-profit condition equal to
each other. For the Rich country (and a parallel solution for the Poor) we have,

 ' ( I r )Z
R 
.
 ' ( I r )( I r  y1r )
1
 (I r )
r

(11)

This is the same equation as in Gertler and Rogoff (1990); however, with the introduction of increasing returns to
investment, we could get different possible outcomes in regards to the equilibrium investment level.
Graphically, the investment levels which yield the same returns from the two countries are shown in Figure 3.
The curves labeled R  R are investment levels where the risk-free interest rate for the Poor and the Rich
country are equal. The IS curve, with a slope of negative one, is where all the income is invested.Point C is the
efficient point, where I r  I p . An equilibrium where investment is occurring in both countries will be where the
interest rates were equal. If the interest rates were not equal, then we would expect savings to flow to the country
with the higher interest rate.
r

p

We see from Figure 3 that we have two separate curves that show where the interest rates are equalized between
r
p
the countries, R  R . With initial increasing returns and then decreasing returns, high levels of investment by
the Rich country can give a return that is the same as low levels of investment by the Poor country, and vice
versa. Given the two curves, we have three possible interior equilibria, points A, B, and D. These points are
where all the income is invested and where both countries have the same interest rate. As will be clear below, the
more interesting R  R curve is the upper one for investment levels I , I  y1
equilibrium in our setup is at point B.
r

p

r

p

p

, and the more plausible

When the entrepreneurs in both countries can finance their investment without relying on the savers, we should
expect the rate of return for the Rich country to be equal to the Poor country for a given investment level. Since
there is no repayment to foreign lenders required when I  y1 , the expected return to investment in each country
would simply be  ' ( I ) Z . Therefore, we have R r  R p at I r  I p when I , I  y1 . In the upper R r  R p
curve, when investment levels are above the income of the entrepreneurs of the Poor country, the Rich country
will have a higher net expected rate of return for each given investment level. The Poor country has a lower net
expected rate of return because of the repayment they must make in the good state of nature, and the
corresponding interest rate will be lower in autarky in the Poor country. Theequilibrium interest rate sets the
repayment equal between the borrower and lender as in equation 11.Looking at the R r  R p curves in Figure 3,
r

p

p

p

we would expect to see a jump from the lower curve to the higher curve as investment levels surpass y1 .
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p

When investment levels initially surpass y1 , the entrepreneurs of the Poor country must borrow funds to invest,
and this will result in a relatively lower net expected rate of return than the Rich country since they now must
repay the lenders. So for the investment levels, y1  I  y1 , we are comparing an expected rate of return of
p

r

 ' ( I p )Z for the entrepreneurs in the Rich country and

 ' ( I p )Z
for the entrepreneurs of the Poor
 ' ( I p )( I p  y1p )
1
 (I p )

country.
H

As investment surpasses y1

for the Rich country, the entrepreneurs have to start borrowing and the expected

 ' ( I r )Z
. In order for the expected rate of return
 ' ( I r )( I r  y1r )
1
 (I r )
p
p
for the Rich country to equal the expected rate of return for the Poor country at I  y1 , the returns should fall
p
p
in the Rich country. If the returns are increasing at I  y1 , then there could be a large investment gap between
riskless rate of return for the Rich country is R r 

the two countries by the time the rate of return of the Rich country returns to the level it was at when
I r  I p  y1p . This is the gap between the two R r  R p curves at I p  y1p . On the other hand, if there were
diminishing returns from the start, then there would be no discontinuity, simply a gradual continuous increase in
the difference of the investment levels along a single R r  R p curve in the range y1  I  y1 .
p

r

p

Under increasing returns, as we look at investment levels for the Poor country above y1 , we would expect to see
the investment gap between the two countries to decrease, which is represented by a dip in the upper R r  R p
curve. We should see the investment gap decrease because the rate of return for the Poor country is increasing
and the rate of return for the Rich country is decreasing at the higher investment level, so a decline in I r would
increase R r to match the increase in R p in the Poor country.
In Figure 3, the IS line represents the point where investment equals savings,

y1r  y1p
 I r  I p . Since all
1 s

income will be invested according to the utility function (1), the equilibrium will end up on that line. Because of
the moral hazard problem, we would not end up at the efficient point C, where the investments levels equal to
each other (note:

R
>0 for a given level of investment, so for the same investment level the richer country
y1

would have a higher marginal return at the efficient point). Point B seems to be the equilibrium with the most
intuitive appeal. As pointed out earlier, until I  y1 , the relevant curve is the lower R r  R p . Then we jump
to the upper curve until all the savings are invested. This would leave us at point B. At this point, we see there is
more investment in the richer country, and possibly savings are flowing from the poor country to the rich country.
Points A and D are also possible equilibria since the returns are equal at those points, and all income is invested,
but the mechanism at which we get to those levels is not as intuitive.
p

Increasing returns to investment may create a greater investment gap between countries compared to decreasing
F
returns because of the jump from the lower to the upper R r  R p curve at I  y1 . In fact, it is possible that no
savers will acquire securities from the poor country if the jump on the upper R r  R p curve reaches the IS curve.
This would happen if all of the income was invested before the rate of return of the Rich country returned to the
rate of return of the Poor country when I  I  y1 . This would depend on the specified probability function
 (I ) and its marginal return  ' ( I ) . While diminishing returns results in an investment gap because of moral
hazard, introducing initial increasing returns could create a larger gap and help further explain why we see a
difference in investment levels between rich and poor countries.
r
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Not only can increasing returns create a bigger gap in investment levels between the rich and poor countries, it
can also lead to capital flows from the poor to the rich countries. With diminishing returns, we cannot have
capital flows from the poor to the rich countries as we move from autarky to free international capital flows.

4. Conclusions
The paper combined increasing returns to investment and moral hazard into an international lending and
borrowing model. The paper gives us an alternative explanation regarding the phenomenon of inefficient
investment in poorer countries. The model introduced by Gertler and Rogoff (1990) was expanded, where they
showed how asymmetric information can lead to less investment in the poorer country. By introducing initial
increasing returns, however, we see that we can have equilibrium investment levels much lower in the smallcountry model than with diminishing returns. In the two-country model,increasing returns helps explain how we
can get savings flows from the Poor to the Rich country, and the possibility of multiple equilibria.
The literature gives several reasons why we don‟t see capital flowing from the richer countries to the poorer
countries. These include technology levels, human capital levels (Lucas 1990), institutions (Alfaro, KalemliOzcan, and Volosovych 2005), and serial default (Reinhart and Rogoff 2004). In this paper, as in Gertler and
Rogoff (1990), the countries have the same technology and enforceable contracts in the two-country model. The
only difference between the countries in our two-country model was their income.
The implications of the results in the small country case is that a country may need at least some minimum
amount of funds to take advantage of the increasing returns, but still too much funds can lead to a moral hazard
problem. Initial increasing returns with free capital flows would not be a problem in this model if it were not for
the asymmetric information. To prevent default (or capital flight in this model), a lender may need to both lend
more to take advantage of increasing returns and setup a better mechanism to monitor the investment. Previous
models have ignored the minimum lending requirement.
Further research can focus on different sectors of the economy to determine the impact of increasing returns on
sovereign debt. Some sectors may have large economies of scale while other sectors may not. With asymmetric
information, poorer countries may struggle to get loans for sectors that have large economies of scale, and they
may have to settle for investment in less productive sectors. A sovereign debt model may be extended to analyze
this situation.
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Figure 1: Incentive Constraint of the Borrower

P(Z )

IC (2)

IC

IC (1)

I
Notes: Figure 1 shows the incentive constraint of the borrower (IC), given that it must make a net marginal return
equal to the riskless interest rate, IC(2), and it must at least get an overall return from domestic investment that is
as high as the return from using all the funds to buy riskless securities, IC(1). For any required repayment, P(Z),
which exceeds the points on the incentive constraint, the borrower will have an incentive to use all of its funds to
buy riskless securities, and default on the loan.
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Figure 2: Incentive-Compatible Contracts
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IC
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Notes:Figure 2 displays the possible contracts given that the lenders make zero profit (ZP), and the borrower will
get an expected net return of at least the world interest rate. In this example, the borrower and lenders can agree
*

*

on a repayment, P(Z), for investment levels between I and I .
Figure 3: Two-Country Equilibria
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Notes:In Figure 3, three possible equilibria are shown. Two curves represent where the interest rates are equalized
r
p
across nations ( R  R ), and the IS curve is where all savings is invested. Equilibrium will exist where all the
funds are invested and the interest rates are equalized, such as at points A, B, and D. Point C is the efficient point,
but at the efficient point the rich country has a higher interest rate than the poor country because of the moral
hazard problem.
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