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1 Introduction

Capital controls have been adopted widely before 1970s, and have been relaxed gradually to promote
flows. Since 1990s and before the Asian Financial Crisis in 1997, quite a few countries adopted
capital controls again [Edwards (2009), Johnson et al (2007)]. During this period, most controls
were on inflows, such as Thailand, Malaysia,Philippines, Indonedia, Czech Republic, Colombia, and
Brazil, and one contry which started controlling outflows was Spain. After the crisis in 1997, more
countries, such as Argentina, have joined the group to controls capital flows, or implement controls
on both inflows and outflows, such as Thailand, Malaysia, and Brazil.

Capital controls is regarded as part of prudential regulations and is used to restrict capital flows
from certain directions. The reason behind this restriction is from the the fear that one free capital
flows may magnify the contagion effects at the time of international crises. Therefore, it is the
hope that capital controls can restrict and/or restructure capital flows and prevent the economy
from crises. This might explain why capital controls have become one popular policy that many
countries have reconsidered or have implemented, especially the emerging economies.

While capital controls have become more popular, its effectiveness on affecting capital flows and
on preventing crises is still under debates. The earlier studies on capital flows are limited to the
data, which often has the net flows available, but not gross flows. The recent studies, although
overcoming the limitation on net flows and able to develop methods to analyze gross capital flows,
have its difficulties to conclude the effectiveness of capital controls. For example, Forbes and
Warnock (2012) find that capital controls have little association to foreign-driven capital flows.
El-Shagi (2011) discovers that capital controls can restructure capital flows without distorion.

One main reason why the effectiveness of capital controls in empirical studies remains inconclu-
sive is because of the different aspects on which each individual research focuses. Some focus on
certain periods to looks at waves of flows [Forbes and Warnock (2012)]; some focus on panel data of
certain countries [Ding and Jinjarak(2012), El-Shagi (2011)], and others focus on the aggregate flows
of one single country, such as Brazil, Malaysia...etc. Moreover, the definitions of capital accounts
and flows in different countries could be different. The results of capital flows in empirical studies

are sentsitive to the measurement and econometric methods adopted in the analysis. That is,



depending on the measurement and econometric methods, the empirical studies on the same capital
controls in the same country may have opposite conclusions on the effectiveness of the controls.
These existing apple-to-orange problems related to capital controls in empirical studies might be
resolved by a unified theoretical framework, as Magud and Reinhart (2007) suggest. It is the goal
of this paper to construct a theoretical framework which incoporates the key factors of capital flows
to provide a mechanism through which capita controls affect international capital flows and may
(or may not) prevent/cause banking crises. The contribution of this paper provides the insights
of the debates on the effectiveness of capital controls by analyzing macroeconomic consequences of
controls and by offering explanations of why capital controls are effective in some research but not
in others.

According to current studies, successful capital controls must achieve the following outcome:
affecting the volume and the composition of capital flows, and preventing the economy from in-
ternational financial crises. These outcome will be the criteria of this paper to determine the
effectiveness of capital controls. Since most of sudden stops ar associated with banking crises,
rather than currency crises [references|, it is banking crises the main focus of this paper. Regarding
to the framework, this paper developes an open-economy overlapping generations model with both
the debt and the equity markets. By incorporating the characteristics of both credit markets,
this paper analyzes the macroeconomic consequences of the economy without controls and of the
economies under different types of capital controls.

As a results, the challenges faced by the banks under different types of controls are different.
Whether banks would run depends on the domestic conditions as well as capital flows. It is shown
that symmetric controls are more effective in achieving all three outcomes: affecting both the
volume and the composition and preventing the economy from crises, compared to the economy
without controls. Symmetric controls means that both countries control on inflows, or that both
counrties control on outflows. Asymmetric controls, however, are not as effective to achieve the
outcomes. Whether asymmetric controls could achieve the outcoms depends on the interest rate
differentials, the controls of the other country, and the domestic conditions. If extending this

framework to multi-countries to look at gross flows to a certain country, it is possible to find that



the flows from various countries may offset each other, and leave capital controls less relevant to
capital flows. This might be what has been showsn in Forbes and Warnock (2012). If focusing on
the countries to which the domestic country has asymmetric controls in similar way, it is possible
to find that interest rate differential and capital controls are linked to each other [El-Shagi (2011)].
The rest of the paper is organized as follows. Section 2 provides the environment of the model
without capital controls, followed by the equilibrium in Section 3. Section 4 discusses the effects
of capital controls on inflows and outflows and whether the goals have been achieved. Conclusions

and possible conclusions are provided in Section 5.

2 The model without capital controls

This paper will start with an open economy with two countries and none has implement any form
of capital controls. Let us call these two countries the home country and the foreign country.
The population growth rate (n) of these two countries is assumed the same, N; = nN;_; and
N} = nN; |, where N; and N/ represent the populations of the home and the foreign country at
period t, respectively. The economy of each country is composed of households, firms, and financial
intermediaries. The financial intermediaries serve as a middleman in both credit markets, the debt
and the equity markets, and as a portfolio manager for the depositors. As a portfolio manager,
the financial intermediaries could save duplication costs and share risks at some degree, so they
could offer a higher return rate, which cannot achieved by each individual [Champ, Freeman and
Haslag (2011), Bencivenga and Smith (1991)]. Therefore, individuals with rational expection would
deposit their income in the financial intermediaries rather than self-investing. Different from the
traditional setup, the financial intermediaries would act as firms maximizing profits, and are subject

to run, should they fail to meet demand deposit’.

!The conventional setup which often assume zero profit for the financial intermediaries has its difficulties in ad-
dressing the possibilities of bank runs. Therefore, this paper relaxes the zero-profit assumption for the financial

intermediaries.



2.1 Households

Each individual is born identical and lives for three periods: young, middle-aged and old. The
endowment of each individual is one unit of labor when young and nothing when middle-aged and
when old. It is assumed that only the middle-aged (c2¢41) and old (c3442) consumption that
will be valued by each individual. Thus, the entire labour income will be deposited into the
financial intermediaries as soon as the income is earned when young. At every period, the financial
intermediaries have two types of short-term accounts available, one is saving accounts and the other
is investment accounts. Both types of accounts take one period to mature, and may offer different
return rates. That is mainly because saving accounts are for the debt market while the investment
accounts are for the equity market. More details will be provided in the later subsections.

At middle-aged, the individuals would grow to two different types: investors and entrepreneurs.
The type will be learned by each individual as soon as s/he turns middle-aged. The probability
of becoming to either type is exogenous. With a probability A, an individual would become an
investor at middle-age, and with a probability (1 — A), an individual would become an entrepreneur.
The type of an individual remains unchanged through his lifetime and is private information to the
individual only. The distribution of types, however, is public information.

The investors and entrepreneurs are different mainly in two aspects: the skills and how they
spend the withdrawals of their short-term accounts. In terms of skills, the entrepreneurs own the
skills of obtaining funds in either credit market to finance projects, and the skills of operating firms
to produce output. Therefore, if operating firms is more profitable than doing other investment,
the entrepreneurs would spend his withdrawals on operating firms. The investors who do not have
these skills of entrepreneurs would spend the withdrawals on reinvestment. The utility function of
a young individual is assumed in the form of:

(chiyr +0'chyg)?
Ulca,i+1,C3,042) = — as % las ; (1)

where i = I (investor), E (entrepreneur), and o' represents the degree of patience regarding to how
Cé,t 1o 18 valued, relative to c§7t +1- This degree of patience depends on the individual’s type. Tt is

assumed that 0 < o/ < o < 1. This indicates that investors (I) are less patient than entrepreneurs



(E). After learning his own type, the middle-age household would visit the financial intermediaries
to withdraw his matured SR accounts and spend as his own type. When old, the entrepreneurs
would receive the profits from firm operation to consume, and the investors would receive returns
from their reinvestment for their consumption in old age.

The return rates of different types of accounts are assumed different. Both accounts take one
period to mature. The return rate of the saving accounts is the deposit rate (1 + 4P ), and the
return rate of the investment accounts is the equity rate (1 + Zﬂl) The only demand deposit is
saving accounts, to which the deposit rate, (1 + 1P ), is determined by the financial intermediaries
and is offered to the depositors at the time of deposit. The equity rate, (1 + itEH), however, is
determined by the equity market clearing condition and will be offered to the equity holders after
production is completed at the following period ¢ + 1.

As shown in Figure 3, a young individual would allocate between the two types of accounts:
a fraction o in the investment accoundt and the rest (1 —aof ) in the saving accounts. At date

t+ 1, the young who deposited at period ¢t and becomes middle-aged could withdraw their matured

accounts, and receives W,

Wi = (1 +i7) (1 - af) we + (1 +iff) afw (2)

2.1.1 Investors

As shown in Figure 4, the middle-age individuals of generation ¢ — 1 who learn their types would
behave as their own types at period ¢. That is, an investor would maximize his utility (c£7t+01 Cét 41)
by choosing whether to re-invest (RI) and then which country to re-invest. Due to the transaction
costs, the investors would focus on one country to re-invest? if there were no government restrictions,
such as capital controls. When the expected return rates are the same across countries, the investors
are assumed to re-invest in his domestic country. Moreover, given the constant transaction cost,

the return rate is higher by investing the entire amount in the same country.

2Providing fixed transaction costs, the rate of return is increasing in the investment amount. Therefore, the
investors are better off by investing in one country. This is especially true when the risks of investment across

countries are considered similar.



Let a{%j denote the fraction of reinvestment placed in the investment accounts in country j
by a domestic investor, and let . A domestic investor, who decides to re-invest in the domestic
(foreign) country, would place a fraction, a{% D (0‘1{% F) , of his/her total re-investment in investment
accounts and the rest, a fraction <1 — a{% D) (1 — a{% F), in saving accounts. Let R{% p denote
the expected rate of return of reinvestment by a domestic investor in the domestic country at period
t, Rz’%D = {(1 + Z,P) (1 — oz,{f\[/)[D) + (1 + zﬂl) ozf%p}. Compared to the rate of storage, as long
as R{ M ~ 1, the investors would always reinvest. Then the old consumption of an investor would
become

T _ M _ pIM M I
C3t41 — Wt+1,DD = Rt,D (Wt - C2,t) )

depending on the amount of reinvestment (RI) and the expected return rate of reinvestment.

2.2 Firms

The entrepreneurs are the only agents who have the special skills in operating firms. At period t,
a middle-aged entrepreneur of generation ¢t — 1, after withdrawing his SR accounts, must transform
part of his WtM into capital goods (K) to start production. The transformation from output goods
to capital goods (K) is assumed to be one-to-one. The output production requires both capital
goods (K3) and labour (L;) as inputs, and takes one period to complete. The production is in
the Cobb-Douglas form with constant return to scale: Y41 = Ath Ltl_e, 0 <6 <1, where A;
represents production technology, and Y;y; represents total output goods produced at period ¢ + 1.
Moreover, it takes exogenous sunk cost ¢; to operate a firm, and the wage income of all labours
has to be paid by the end of period t, which is before the completion of the production at period
t+1. Therefore, it requires the amount (q; +w;L; + K;) to start the production at period ¢. The
assumption q; + we Ly + K; > WtM implies that any entrepreneur who plans to operate a firm must
borrow to start production.

There are two resources available to the entrepreneurs to obtain funds. One resource is to
file applications to financial intermediaries to obtain loans (the debt market). The other is to
issue equities in the equity market. To simplify the model, it is assumed that entrepreneurs could

raise funds in their own domestic credit markets only®. Since the production takes one period to

3Because of the regulations, the entrepreneurs who are eligible to issue equity in their own dometic countries may



complete, the entrepreneurs would acquire only short-term fund.

2.2.1 Debt finance

To acquire a loan from the financial intermediaries, an entrepreneur must to provide collateral
(B¢), which will not be returned until the loan is repaid. The amount of loan demanded by an
entrepreneur is:

th =qt+ tht — (WtM — CQE’t — Kt — Bt) s (3)

where cgt represents the entrepreneur’s middle-aged consumption. In the debt market, the source
of loanable fund is limited to the sum of depositors’ saving accounts at that period. When loan
demand exceeds loan supply, the type 2 credit rationing will be the result’. That means that
only a fraction (BD ) of entrepreneurs would obtain loans from the financial intermediaries. Let
S; denote loanable funds which is the sum of all saving accounts at period t. Let RIP denote
the sum of total re-investment, both saving and investment accounts, by the domestic investors,
RIP = A+ (1- BP — BE)] N (WtM — c24), and let RIF denote the sum of total re-investment
by the foreign investors, RIJ = (1/e;) [A* + (1 — P — BE*)] N* (WM — cit). Let v, (1 —~%)
denote the fraction of domestic (foreign) investors who re-invest in the domestic country. The

loanable fund can be written as
Si= (1 —of)wN +7, (1 —afBp) RIP + (1 =) (1 — of ¥p) RI],

where the first term is the total saving of the young, the second and the third terms are the total
savings of the domestic and the foreign investors, respectively.As shown in Figure 5, the resource
constraint for the debt market is

Se > B (1= A) Neb? . (4)

not able to do so in the foreign countries. Also, this is to reflect the facts that the costs to acquire information
of foreign entrepreneurs before providing funds could be very high and that the entrepreneurs usually have more

difficulties raising funds in foreign countries.
" According to Blanchard and Fischer (1989, page 479), the type 2 credit rationing defined as follows: given an

interested rate, some borrowers get credit but others do not, and all borrowers are identical. In this model, it requires

the entreprenreneurs to obtain sufficient amount of fund to operate firms, so it will be type 2 credit rationing.



The entrepreneurs who obtain loans are called debt-finance entrepreneurs, and would definitely
start the production. Similarly, the entrepreneurs who obtain funds in the equity market are called
equity-finance entrepreneurs.

The loan rate (1 + z'é"‘m) is determined by the financial intermediaries at the time when the
debt contract is constructed. The debt contract is designated that the debt payment must be
affordable, (1+i{°®)bP < Y;;1 and incentive compatible for the entrepreneurs to be willing to
borrow funds to operate firms. Moreover, the debt contract would count for the uncertainty and
ensure that the entrepreneurs would always be truth-telling®. Let p denote the probability that the
production succeeds, the loan is repaid, and the entrepreneur earns his collateral back. Otherwise,
with probability (1 — p), the production fails, the entrepreneur cannot repay the loan, and would
lose his collateral to the financial intermediaries.

The expected payoff of a debt-finance entrepreneur is his expected capital gains: EtHBrI‘I =

D [Yt+1 — (1 + itL"‘m) bP + Bt]. The incentive constraint for an entrepreneur to obtain a loan to

operate his firm is:
E EiDF < I E M M
coy o Bl > cpy + 0" Mazx {WtJrl,DDv Wt+1,DF} ) (5)

where Wtﬂ_ﬂf pp and Wtﬂ_]\/{ pr represent the expected returns to an investor who invest in the domestic
and the foreign country, respectively. This indicates that the entrepreneurs would start production
only if the expected capital gains are higher than the maximum expected returns of an investor. In
other words, if the expected capital gains were less than the returns of an investor, the entrepreneurs

would prefer to become an investor, rather than start production.

2.2.2 Equity finance

The entrepreneur who do not obtain loans could issue equities in the equity market. The funds

available to purchase equities is restricted to the sum of all investment accounts (1),

Iy = ajwiN + 7,00 RIP + (1= 77) o pp RIS

>That is, verification would take place whenever the loan repayment is not made. The verification would take away

all entrepreneurs’ profits.



where the first term is the sum of investment accounts of the young, and the second and the third
terms are the sum of the investment accounts of the domestic and te foreign investors, respectively.
Different from the debt market, the equity market does not require collateral (Bf = 0), so the
amount to borrow becomes bF = ¢ + wyLs — (WtM — Kt) < b{? . The resource constraint for the
equity market is:

I >bF (1 -\ BEN,. (6)

Equation (6) shows that the limited amount of fund to purchase equity indicates that only a fraction
BFof entrepreneurs who could obtain sufficient funds to operate firms, and 82 + ¥ < 1. The
entrepreneurs, who do not obtain funds via debt or equity finance, would become investors.

Another difference between the debt and the equity market is that the equity rate (1 + 7’5—1)
is determined by the equity market clearing condition at the period ¢t + 1 when the production is
completed:

(144 ,) = PO i) (L= N BENOE (1 X) BN YiE] )
t+1 [t It ,

where 1, represents the expected fraction of output which is extracted to repay the equity holders
by the equity-finance entrepreneurs who have successful production. The equity rate (1 + z,ﬂl)
may not be the same as the deposit rate (1 + 7).
Similarly, the expected capital gain of an equity-finance entrepreneur is Etﬂgﬂ =p [Yt+1 — (1 + Etiﬂl) b ] .

The incentive constraint for an equity-finance entrepreneur to borrow to operate his firm is:
E E o R EF I E M M
ey + o BALY > e+ 0" {WLN pp. Wil pr} - (8)

Equation (8) shows that before raising funds in the equity market to operate firms, the entrepreneurs
would form an expectation for the equity rate. Based on the expectationary equity rate, the equity-
finance entrepreneurs make the deicsions on the amount of capital goods to invest, and the amount

of labour to hire.

2.2.3 Equilibrium Capital Gains to the Entrepreneurs

When the expectationary equity rate equals the loan rate, Etiﬂl = i°9" the entrepreneurs, whether

debt- or equity-finance would invest the same amount of capital goods and hire the same amount of



labour KP¥ = KFF and LPF = LFF. The full employment assumption gives wP" = wf', which

shows no wage discrimination and no labour mobility across firms. Thus, when Etiﬂl = jloam the

equilibrium capital input (KPF, KFF), labour demand (LPF, LFF), and wage rate (wPF, wlF)
are:
/- DF [cEF 1 A9\
Kt = Kt = . D E ( 'loan) ’
(1=X) (87 +8%) \1+4
_ - 1
LDF — LEF —_ , 9
R o
A, 1/(1-0)
= apr=peoa - ()
U

The equilibrium values of the variables in equation (9) can be used to determine the equilibrium

capital gains to entrepreneurs:

EIPE = p[Yig — (L4 b + By, (10)

EBIEL = p[Yen — (1+ Bifly) 0] -

By plugged equation (10) into equations (5) and (8), one can derive both the maximum loan rate

and the equity rate which the entrepreneurs can accept:

v 1 M M

Yigr—5 {Wt+1,DDa Wt+1,DF} + By
by

¥ 1 M M
Yip1 — P {Wtﬂ,DDv Wt+1,DF}
bf

(1 + itLoan)

IN

= max (1 + itLo‘m) , (11)

(1+ Eyify)

IN

= max (1 + Etz'{il) .

2.3 Financial Intermediaries

Different types of accounts have different purposes. The saving accounts are for the debt market
while the investment accounts are for the equity market. It is assumed that the financial interme-
diaries do not mix or misuse the funds of each type of accounts. Recall that saving accounts are
the only type of demand depsoits. Failing to repay demand deposits could result in bank runs.
Therefore, the financial intermediaries must choose carefully the deposit rate. Any deposit rate
must be sufficiently high to attract depositors and must be affordable for the financial intermediaries

to meet demand deposit. The problem faced by the domestic financial intermediaries at date ¢ is

10



to maximize the expected payoff EtHgl by choosing iPand i{°*":

[St+1 — B (1=X) Nbf ]

EIE ., =
s +[X =N BPN [p(L+ilea)bP + (1 —p)B] — (1 +iP) Sy

(12)

where the first bracket is to supply the new loans to the debt-finance entrepreneurs, and the second
bracket is to use the loan repayment to meet the matured demand deposits. The liquidity constraint

of the financial intermediaries at period ¢ + 1 is:
b (1+am) 0P + (1= p)B] (1= N BPN > (1+3P) 5, (13)

which is for the matured demand deposits, the saving accounts®. Note that the left hand side of
equation (13) is the assets while the right hand side is the liability for the financial intermediaries.
Therefore, when the right hand side is higher than the left hand side, the financial intermediaries
would have liquidity shortfalls and experience insolvency.

To attract the deposit from the young, the deposit rate must exceed the rate of return of storage,
(1+iP) > (1 + iftomge) = 1. Meanwhile, to attract the deposits from the investors, both domestic
and foreign, the deposit rate must be competitive, compared to the foreign deposit rate. Recall
that the investors would focus on one country to invest, the incentive constraints for the investors
to re-invest in the domestic country requires that the expected domestic return rate exceeds the
expected foreign return rate. Moreover, since the focus of this paper is not on the exchange rate,
it is assume that the exchange rate between the domestic and the foreign country is one in this
real economy. Therefore, the incentive constraints for the domestic investors [equation (14a)] and

for the foreign investors [equation (14b)] to re-invest in the domestic country can be written as

follows:
R{,%ID 2 Rtl%;:“a (14a)
RYp > RI¥E, (14D)

%Since the returns of debt and equity are from successful production of the entrepreneurs, and the probability of a
successful production is identical for all entrepreneurs, the degree of risks for debt and equity the same. That means
that debt or equity is not riskier than the other, and the concept of capital requirement does not apply in this model.
This is mainly because capital requirement divides assets into different groups based on the degree of risk, and asks
the financial intermediaries to invest in less riskier assets. In this model, when all assets, debt the equity share the

same degree of risk, the capital requirement cannot be applied in this model.

11



where Rl{’% (R{%*) represents the expected domestic (foreign) return rate to a country i’s investor:
Riftp = (1+iP) (1= oy )+ (1 + Bafin) offp. B = [(143P7) (1 - aflie) + (14 Buifly) of ).
and R{]\]g} = [(1 + ztD*) (1 - a{%}) +(1+ Etigf‘l) a,{%[}} Note that it is possible for O‘{,%F
a{f‘g p and/or a{%ﬁ # a{f‘lg 1, which means that the domestic and/or foreign investors have different
investment portfolios when re-investing in the domestic and foreign countries.

Provided the deposit rate which is determined by the financial intermediaries before taking the

deposits, and the loan rate which has its maximum, equation (13) indicates that where B,P =1,

there is a maximum amount of deposit which the financial intermediaries can take:.

[pmax (1 + ") bP + (1 —p)By] (1— A N
(1+iP)

Sy < = max S;. (15)

The amount of deposit, which exceeds the maxium deposit may result in liquidity shortfalls in the

following period. Should the liquidity shortfalls not be resolved, bank runs will be the result.

3 Equilibrium
3.1 Closed economy (CL)

In a closed economy (CL), there is no capital inflow or outflow, v, = 1, and vf = 1. The only
source of deposits is from domestic agents. The amount of aggregate domestic saving is S&7 =
(1- of ) we N+ (1 - a{% D) RIP, and the amount of aggrement equity investment is I°* = o w, N+
a{f‘g DRItD . Since the investors could invest in the their own countries only, the incentive constraints
to attract investors to invest in the domestic country do not apply. The equity rate offered to the
equity holders is restricted to the incentive constraint of the equity-finance entrepreneurs [equation
(11)]. The deposit rate offered to the depositors must be affordable. That is, the total repayment
to the depositors must be no more than the total loan repayment by the entrepreneurs.
i) P + (1= p)B.| (1 - 2) 8PN

Sk ’

(1 N itD(k)> < {Pmax <1 + 16)

where the superscript k represents the case. In this closed economy, £ = C'L. In this closed
economy, the amount of deposits to receive can be easily predicted: S; = Stc L when (1 + i? (CL)) >

1, and S; = 0 when <1 + itD (CL)> < 1. Therefore, When there is no adverse shock which affects the

12



liquidity constraint, for the deposit rate that satisfies equation (16), it is less likely to have bank

runs.

3.1.1 Banking crises

Similar to Chang (2012), this paper introduces a large adverse shock (¢¢) on the successful rate of
projects (p) at period ¢ to examine whether banking crises can be prevented in the closed economy
and in an open economy with and without capital controls. This adverse shock is assumed suffi-
ciently large to cause liquidity shortfalls and may lead to immediate bank runs at period t if the
shortfalls were not overcome. Based on equation (13), this liquidity shortfalls at period ¢ caused

by the adverse shock in this closed economy is:

SFF = (1 v z‘,?_(f)) Sk [(p — &) (1 + z'i‘i“f"“)) B2+ (1—p+ st)Bt_l] (1-NBP,N>0,k=CL.
(17)

One source which is often used by the financial intermediaries to finance the shortfalls is the new
deposits, which are from the young and from the investors. While the young would deposit when
the deposit rate is greater than one, the investors would not deposit until receiving the repayments
of their matured accounts. This implies that the deposits from the young is the only recource which
the financial intermediaries could use to finance the liquidity shortfalls.

Let Sff denote the deposit of the young in the saving accounts, ng = (1 —aof ) wyN. If
StCyL < SFtCL , there are investors not receiving repayments of their mature accounts. Without
meeting demand deposits, the financial intermediaries will run immediately. Therefore, it requires
SfyL > SECL to meet demand deposits and to prevent the immediate bank runs at period ¢.

After overcoming the liquidity shortfalls and repaying the matured accounts, the financial inter-
mediaries could now attract the investors to deposit. In the closed economy, the investors would
re-invest when the deposit rate is greater than one, which is the same condition to attract the
deposits from the young. So the total deposits would be Stc L and the loanable funds to the entre-
preneurs would reduced to (Stc L_ SFtCL), which would lower the likelihood for the entrepreneurs

to obtain the loan AP (1 — \) Ny = (SEL — SFET) /bP [equation(4)]. Consequently, even if the

13



adverse shock is temporary, the liquidity shortfalls may still exist at period t + 1:

loan(k) B -
SFtlil = (1 +if)(k)> Sf _ [p (1 +Zt00m )b? —|—b2(; p)Bt} (Sf SFtk:)

k=CL.  (18)

If not able to overcome the shortfalls S FgrLl indicated in equation (18), the financial intermediaries
would experience bank runs at the following period ¢ + 1. One example is when the deposits from
the young equals the shortfalls at period ¢, StCyL = SFtCL , the loanable fund would be the deposits
from the investors, (StCL — SFtCL) = (1—of™)RIP. The fact that (1+ i) > 1 implies that in
order for to overcome the liquidity shortfalls, S Fng = 0, the loan rate must be sufficiently high and

satisfy the following condition:

k
.loan(k) > 1 St,y . (1 - p)Bt i .loan(k) _
(1 +il ) > [(755 et 1) Sp | i (1 +il ) k=CL  (19)

However, the loan rate has its maximum value max (1 + if**")[equation (11)]. Any loan rate
charged by the intermediariers exceeds the maximum value (1 + iioan(CL)> > max (1 + z'tL"‘m) would

result in no entrepreneur apply for loans. Thus, the liquidity shortfalls would become

SFERLY = (1+44P) SCF — (S7F — SEPE) (20)

= PSP+ SEEE > SECE,

which is greater than SFC, and more difficult for the financial intermediaries to overcome. There-

fore, it is more likely to have bank runs at period ¢ + 1.

3.2 An open economy without capital controls (NC, original framework)

In an open economy without controls, the country in which the investors would re-invest depends
on the relative expected return rate. The mobiliy of investors’ re-investment is a challenge to
the financial intermediaries in tedecide the deposit rate to offer. On one hand, the deposit rate
must be sufficienyly high in order to attract the investors. However, a higher deposit rate at
date ¢ which attract more deposits means a higher debt (demand deposit) to be repaid at period
t + 1. On the other hand, a low deposit rate which attracts less deposits means less loanable
fund. The lower amount of loanable fund would drive up the loan rate in order to repay the

demand deposits. However, the loan rate has its maximum value [equation (11)], and any loan rate
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exceeding max ( 1+ zl"“")

would result in no entreprenurs borrowing. Without loan repayment at
the following period ¢ 4 1, the financial intermediaries cannot overcome the liquidity shortfalls and
must run at period t + 1.

Recall that the investors would re-invest in the country where they were born when the expected
return rate is the same across countries. This implies that it requires the expected foreign return rate
higher than the expected domestic return rate in order for the domestic investors to feel indifferent
in re-investing in either country, Rf%} Rt DD T 55 where ff) represents the risk premium for
the domestic investors to invest in the foreign country, and vice versa, Rt D = RtI J‘g -+ ft , where
Ef is similar to the risk premium for the foreign investors to invest in the domestic country. For
simplicity, it is assumed that when Rf%} = Rt bp + ¢P holds for all ol Dj € [0,1], j = D,F, it
is true that R{J‘g;: > Rt rp-  Meanwhile, when Rt D Rfﬂg]’; + & holds for all a,{%}‘ € [0,1],
j =D, F, it is true that Rt DD > Rf%}.

Let V¢ (7NC*) where vV, 4NC* € (0, 1) denote the fraction of the domestic (foreign) investors
who re-invest in the domestic (foreign) country when feeling indifferent in re-investing in either
country. Under the circumstance where RtI ]\L/,[}; R{ ]‘f)[ p+ £t , Vozt Dj € [0,1], j = D, F, all foreign
investors and a fraction (1 — C) of domestic investors would reinvest in the foreign country.

When the expected foreign return rate is relatively attractive, the capital outflows (CO; ) from

and inflows (CI; ) to the domesitc country are:
COYE = (1—~°)RIP,CI)f =0,

respectively. Accordingly, the sum of saving accounts is St = (1 — ozt) wi N+ ¢ (1 — ozt D D) RIP
and the amount of equity fund is It{v = afwN + ’cha{AgDRItD. When R{,]\D/[F > RI{%E + &P,
both domestic and foreign investors would invest in the foreign country, yY¢ = 0, and capital

outflows would become OOQIFQ = RIP while inflows remains the same, C’IgVFC = 0. Therefore,

the loanable and equity funds would be purely from the young: SN¢ = (1 — ozt) wyN = SNC > and
INC = ofwyN.
Under the circumstance where Rt FD RtU‘FJ,I’? + Ef , all domestic investors and a fraction

(1 N C*) of foreign investors would invest in the domestic country. The volumes of capital
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flows of the domestic country are:
COYS =0,C1§ = (1 -4 RI{ .

Accordingly, the amounts of loanable and equity funds are: St 5 = (1 — at) w N+ <1 — ozt D D) RIP+
<1 — a{’]‘gz)) (1- NC*) RIF, ItNDC = ofwN + a{%DRItD + a{7%5 (1- NC*) RIF. As shown in

(NC)>

equation (15), provided the deposit rate(l + 4 , and 6? = 1, the amount of saving which is

affordable by the financial intermediaries must satisfy the following condition:
[pmax (1+ itoan) pP 4 (1 —p)B] (1-A)N

(1 + 1y (k)>

In equation (21), maxSF represents the maximum amount of the savings which is affordable by

D(k)) '

Sk < =max Sf', k = NC. (21)

the financial intermediaries. The value of max Sf is decreasing in the deposit rate, (1 +1
Any amount of saving exceeds this threshold (Sgyg > max S;¥ C) would result in insolvency at the
following period since the reveived loan repayment is insufficient to repay the demand deposits. If
such insolvency cannot be overcome, bank runs will be the result at the following period t + 1.
This means that even without an adverse shock, the insolvency is possible when the financial
intermediaries take the amount of deposits which exceeds the threshold. Moreover, when Rt FD >
RtI ]\},4}"9 + ff , all domestic and foreign investors would re-invest in the domestic country, ¥ Ox =1,
and capital inflows would increase to CI}Y, h D = RIF. Therefore, it is important for the financial
intermediaries to accept the amount of savings StNg < max S{VC to prevent insolvency.

If Sﬁg > max S}V € and the financial intermediaries accept savings SN ¢ < max SN ¢ the
amount <S§V§ — S'tNg ) would move to the equity market, and increase the amount of equity fund,
It{VC = afw; N + ay IMARIP + a{]‘FJE (1- 'y,{VC*) RIF + <S§7VC - SNC>. This increase in the equity

fund would cause the equity rate at the following period( + Zﬂi\[g)) to decrease.

3.2.1 Banking crises and capital flows

At the time of adverse shock (e¢), the financial intermediaries face the liquidity shortfalls as shown in
equation (17) with £ = NC. To attract the deposits from the young (St’]\gc) to finance the shortfalls,
the deposit rate must be greater than one, ( + ZD(NC)> > 1. Then it requires St NC > SFN ¢ to

prevent immediate bank runs at period t. However, using the new deposit to finance SF ¢ might
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lead to the liquidity shortfalls at period t+1, SFN{ [equation (18) with k = NC]. If SEN{ cannot
be overcome, bank would run at period ¢ + 1. Whether SEN can be overcome depends on the
relative values of expected return rates and the loan rate and deposit rate.

Under the circumstance whereR{’ My = R{% p+ &P, and S%C = SFNC the loanable fund after
financing SFNC is

(SF —SF) =7 (1—aipp) BRI,

which is less than that in the closed economy;, <SgVFC — SFt> < (S&% — SFt> because 7N <
1. Substituting the value of (StNFC — SFt> into equation (19) gives the minumum loan rate,
min (1 + ii?;n(Nc)> , which financial intermediaries must charge in order to meet the demand de-
posit. Moreover, one can find that min (1 + ii?;n(No)> > min (1 + z'i?;n(CL)). Compared to equa-
tion (11), when min (1 + iif’;‘i”(NC)) > max (1 +4°") > min (1 + ii?gn(CL)>, the open economy
without capital controls (NC) is worse than a closed economy in overcomeing the liquidity shortfalls
SFF. | and in preventing bank runs at period ¢ + 1.

Moreover, when R{%}; > RtI,%D + ftD , all domestic investors re-invest in the foreign coun-
try, 7V¢ = 0, like the foreign investors. So when S,%C = SENC| the loanable fund becomes
(ngg — SFEN C) = 0 after financing the liquidity shortfalls, SFN®. This would lead to (1 + ii?;n(NC) ) —
oo [equation (19) with & = NC], which means that the liquidity shortfalls can not be overcome,
and that bank runs at period t + 1.

Under the circumstance where RI{%ID = R{Aﬁi + §f and S%C = SENC| the loanable fund

becomes

(885 = SENY) = (1= aypp) RIP + (1= 7"7) (1 - ag ') RIS,

which is more than that in the closed economy, <S£7Vg — SFt> > (S’Eﬁ — SFt>. As the amount of
deposits is high, and part of it is used to finance the liquidity shortfalls, it is important to ensure
that equation (21) with k& = NC is satisfied. This is especially true when RiﬂgD > R{%ﬁ, + §f,
and v} Cx = (0. Compared to case CL, since (1 + if jch)> > (1 + if Z;(NC)) > 1, the domestic
deposit rate could also be higher than that in case CL, (1 + z'fgvc)> > (1 + if? l()CL)>. This would

lead to max Sﬁg < max SgL. Should the financial intermediaries accept the amount of savings

which exceeds the threshold, Stjyg > max St]’VDC , bank runs at period ¢t + 1. In this aspect, the open
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economy without capital controls would do worse than a closed economy in overcoming SFﬁ? and

in preventing bank runs at period ¢ + 1.

3.3 An open economy with capital controls

The controls on capital flows are assumed to set up a ceiling to which each investor could invest in
a particular country. For example, the controls on capital inflows are to set up a ceiling to which
a foreign investor could invest in the domestic country, and the controls on capital outflows are to
set up a ceiling to which a domestic investor could invest in the foreign country. Therefore, capital
flows may be affected by capital controls of both countries or either country.

Since symmetric and asymmetric controls have different impacts on the volumes and the com-
positions of flows as well as the ability in preventing banking crises. This section would discuss
symmetric and asymmetric controls separately. To be more specific, the symmetric controls are the
case where both countries have controls on the same type of flows, regardless of the size of controls.
All other cases are asymmetric controls.

The assumption that both countries are symmetric allows this paper to focus on the impacts on
the domestic country only. The analysis for the foreign country can be easily applied by adding
asterisk to each variable. The cases of symmetric controls are symmtric controls on outflows
(SCCO), and on inflows (SCCI). The cases of asymmetric controls are: domestic controls on
outflows vs. no foreign controls (ACON), domestic controls on outflows vs. foreign controls on
inflows (ACOI), and domestic controls on inflows vs. no foreign controls (ACIN).

It is assumed that the controls are imposed at perod ¢. This means that the values of all
variables determined prior to period ¢ would be the same in all cases. For example, S;_1 =
Sﬁ? = Sf_l, and (1 + itD_l) = (1 + Z'tD_({VC)> = (1 + igf)>,where k represents any open economy
case. According to equation (17), since all componenct of SF; are the variebles detemined priot
to period ¢, the values of SF; is the same in all open economy cases, SF; = SENC = SEF,

k = SCCO,SCCI, ACON, ACOI, ACIN.
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3.3.1 Symmetric capital controls

Both countries control capital outflows (SCCO) In this case, the domestic country sets up

the ceiling, ’yf ceo - N C for each domestic investor while for foreign country sets up the ceiling,

~SCCOx* > 71]&\[0*

0% for each foreign investor. Under the circumstance where R{%} > Rt Dp T+ §tD ,

a fraction (1 — 'yf CCO) of domestic investors and all foreign investors would invest in the foreign

country. The volumes of capital flows of the domestic country are:

COEQCO =(1- ’nyCO) RIP, C’IOCO 0,
which the volume of capital outflows is less than that in case NC, COSCCO < C’Oivlg . The amount
of loanable fund (saving accounts) is SSCCO (1—of)wN +4 45000 (1 a; DD) RIP, and the
amount of equity fund (investment accounts) is I;’ SCCO = afuy N + 47 CCOatI M ORIP. Both funds

are more than the case NC, SSCCO > S F , and IEIQCO > Ig\f}? . Since the deposit rate is pre-

determined, the change on the funds would affect the equity rate only. According to equation (7),

this increase in equity fund lowers the equity rate at period ¢+ 1, (1 + tEJr(ISgCO)>, which pays after
production is completed. This decrease in equity rate ( + ztEJr(fCCO)) may shift the composition

of the deposits towards to the loanable fund by decreasing o % pp and/or af ;.

Under the circumstance where R{%D > Rf%’é + ¢F . all domestic investors and a fraction
(1 — ’nyCO*) of foreign investors would re-invest in the domestic country. So capital outflows

and inflows would be:

COPRE? =0,CI759C = (1 - 3799 RIf,
where the capital inflows is less than the case without capital controls (NC), CIthCO < CItNDC . Ac-
cordingly, the amount of loanable fund would become S SCCO (1 — ozt) weN + ( ozt D D) RIP +
(1- ﬁ/fCCO*) (1 of ]\}%) RIf', and the amount of equity fund would become I 60 = aluy N +

ay IMORIP + (1- fNytSCCO*) IM« RIF. Both funds are less than those in case NC, SSCCO St ol

and If cco valg . The lower amount of equity fund would drive up the equity rate (1 + 1, 4_(19%00)> ,

and may shift the composition of deposits towards the equity fund by increasing the values of a{% D

af% p and af may increase. The size of the changes on the composition is increasing in the gap

< SCCOx* NCx

between 7; and v;'~*. The further '?f CCO* deviates from ANC* the larger sizes of the changes

on the compositions.
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Banking Crises At the time of the adverse shock (e¢), the financial intermediaries face the

(SCCO)> > 1, the financial intermediaries could attract

liquidity shortfalls SF;. By offering (1 + 1,
the deposit from the young, SSCCO which can be used to finance SF;. When SSCCO > SFi, the
immediate bank runs can be prevented. However, doing so is might lead to liquidity shortfalls at
following period t 4+ 1, SFSGCC as shown in equation (18) with k = SCCO. Whether SF2G¢©
can be overcome would depend on the the expected return rates, the loan rate, and the amount of
deposits accepted by the financial intermediaries.

When R{%} > Rt Dp T 5? and SSCCO = SFj, the available loanable fund after paying SF;

becomes

SSCCO SFt — (1 _ )f)/t CCOR[t ,

which is more than the fund in case NC, (SSCCO SFt> > <S§VFC — SFt) because of ’ySCCO >

loan(SCCO))

ANC. Substituting the values of ngoo and Sév into equation (19) gives min <1 + <

min (1 + ziogn(NC) ), which can be compared to the value of max ( 1+ z'é"“") in equation (11). When

loan(5000)> loan(NC’))

min (1 + 4y < max (1 + z'fg"“") < min <1 + 1 , the symmetric capital controls on

outflows could overcome SFESCO, which cannot be achieved in the case without capital controls.
Moreover, the capital outflows are restricted by the domestic country which has a lower expect
return rate.

When R{%ID > RI +§t , v oz{]‘lé[]* €[0,1], 7= D, F, and SSCCO SF}, the available loanable

fund after paying SF; is
57500~ SF, = (1 - afp) RIP + (1 = 3°°%") (1 - of ) R

which is less than the fund without capital controls, <SSCCO S Ft> < (St]’VDC — SESCCO> because

of ,YSC’CO* > ’YNC*

Since the deposit rate is relatively attractive and the amount of demand
deposit is relatively high, it is important that S SCCO must satisfy equation (21) with & = SCCO.
In the case when <1 + 1, (NC)) (1 +1 (SCCO)>, and ngco < max §7¢C0 = max SN < St D

capital controls could overcome the liquidity shortfalls and prevent banking crises which cannot be

achieved in the case without capital controls.
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Both countries control capital inflows (SCCI) In this case, the domestic country sets up
the ceiling (1 — ’yf cer *) < (1 —~p C*) for each foreign investor while the foreign country sets up
the ceiling (1 — gpect ) < (1 -~y C) for each domestic investor. Under the circumstance where
Rtl’ ]\g}"; > Rtl’ ]\g pt §? , all foreign investors would re-invest in the foreign country but only a fraction

(1 — gpcct ) of domestic investors would re-invest in the foreign country. The volumes of capital

flows of the domestic country would become:
COSEET = (1 - 395 RIP, CICET = o,

where the volume of capital outflows is also less than the case NC, C’Ofg(]] < CO,{YIQ because

of (1 —Fpect ) < (1 — C). Note that the volume of capital outflows is restricted by the

foreign controls.  The available loanable fund and equity fund are ngCI = (1 —aof ) weN +

FFecl <1 — aij‘DJD) RIP and IEIQCI = afwN + %SCCIQ{%DRIP. Both funds are more than the

case NC, ngcj > SgVFC and IEgCl > IgVFC . The increase in equity fund would decrease the equity
B(SCCT)

rate (1 +101 ) , and decrease the values of ol % pp and ol ;. This means that the composition

of deposit would shift away from the equity market.

Under the circumstance where R/, > RIM: 1 ¢ all domestic investors and a fraction
(1 — ’nyCO*) of foreign investors would re-invest in the domestic country. Thevolumes of cap-

ital flows of the domestic country are:

COSEET = 0,CISSOT = (1 - 459C1%) RIF,

fCCh)

where the volume of capital inflows is less than the case NC, CIESCI < C’It]YDC because of (1 -4 <

(1 —~4]C*). The amounts of loanable fund and equity fund become ngol = (1—af)weN +
(1 - a{,%D> RIP+(1 — 450CI%) (1 - a{%l*)) RIF, and ICST = afw N+al L RIP+(1 — 4501 ol M RIF

Both funds are less than the funds in the case NC, SESCI < Stj?fg and Igg < Ig}fg . This decrease

in the equity fund would drive up the equity rate (1 + iﬂf%co)>, and increase the values of a{% D

at{% p and «f. This means that the compositions of the deposits, including capital inflows, would

shift towards the equity market. The sizes of the changes on the compositions are increasing in the

2 SCCOx*

gap between ¥; and v O,
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Banking Crises At the time of the adverse shock (e¢), the financial intermediaries face the lig-
uidity shortfalls SF;. By offering the deposit rate, (1 + if)(SCCD> > 1, the financial intermediaries
attract the deposits of the young, Stsf €I which can be used to finance SF;. When Stsyc I > SF,,
the liquidity shortfalls SF; are overcome and the immediate bank runs are prevented. However,
doing so might lead to liquidity shortfalls at following period ¢ + 1, SFESCI , as shown in equation
(18) with k = SCCI. Whether the shortfalls can be overcome would depend on the the expected

return rates, the amount of demand deposits, and the loan rate.

When Rf‘f)]} > R{% p+ §£ and SEZ?CI = SF;, the available loanable fund after paying SF;

becomes

St = SF = (1 - o) 37" RIP,

which is more than the fund in case NC, (ngcj — SFt> > (StNFC — SFt) because of 77CCT > ANC,

Substituting the values of SEF, k = SCCI, NC into equation (19), one can obtain min (1 + iiog,n(SCC])> <
min (1 + z'iogn(NC) ) Compared to the value of max (1 + iff"m) in equation (11), when min (1 + iiogn(sccn ) <

.loan(NC))

max (1 + iéo‘m) < min (1 +i g , the symmetric capital controls again could overcome the lig-

uidity shortfalls, which cannot be achieved in case NC.
When RtI’ ]\},4 D= RtI’ ]\1,4 ;;—i—ff and Sfyc CI — SFy, the available loanable fund after paying SF; would
change to
SS5CT — §F, = (1— alMp) RIP + (1 - 45°C™) (1 — ofMs) RIF,
which is less than the fund in case NC, (ngcj — SFt> < <S,f,VDC - SFtSCCO> because of (1 — ’nyC]*) <
(1- fyivc*). According to equation (21) with & = SCCI, when (1 + ifl()Nc)) = (1 + z'fl()som)),
and ngm < max StSCC[ = max S} ¢ < Stj?fg , this symmetric capital controls could overcome the

liquidity shortfalls and prevent banking crises which cannot be achieved in case NC.

3.3.2 Asymmetric capital controls

Domestic controls on outflows vs. no foreign controls (ACON) In this case, the domestic

country sets up the ceiling (1 — fAytACON ) < (1 —~N C) for each domestic investor while no foreign

control. Under the circumstance where RtI %[}; > Rtf ]‘f){ p+ 52{3 , all foreign investors would re-invest

AfC’ON)

in the foreign country, but only a fraction (1 -4 of domestic investors would re-invest in the
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foreign country. The volumes of capital flows of the domestic country are:
COACON (1 _ ;)/2400]\/) RItD, CI{?},QON — 07

where the volume of capital outflows is less than the case NC, COngN < COiYFC since (1 ’nyON ) <
(1 —~N C). The restriction on the volume of capital outlflows is from the domestic controls. The
available loanable fund and equity fund are ng ON — (1—of) wN+74 JACON (1 ol D D) RIP and

ISCCI = olw N + AACONat DDRIt . These funds are more than the case NC, SACON > SgVFC

and I} ACON > Itng The increase in the amount of equity fund would decrease the equity rate
< + 1, _éfCON)), and decrease the values of of % pp and/or of +1- This means that the composi-

tion of deposit would shift away from the equity fund.

Under the circumstance where Rt D = R{%I’; + §f , all domestic investors and a fraction

(1 — yACON *) of foreign investors would re-invest in the domestic country. The volumes of capital

flows of the domestic country are:

COngN — 0 C ACON (1 7;‘/4C’ON>‘<) RItF7

ACON C[

where the volume of capital inflows is the same as the case NC, C'T. fCON*) _

since (1 -7

(1 NCx*

o7 ) The amount of loanable fund and equity fund are the same as the case NC, SACON

SNS = (1= ad)weN + (1= af¥ip ) RIP + (1= 490N (1 - ol ) RIF, and IASON = 1S =

afw; N + oy DDRID + ( foON*) a{j‘gBRItF. Therefore, the equity rate (1 + ZH(f%CO)> would

: : : : IMs IM
remain the same as before imposing capital controls, and so do the values of & FDy QDD and

of.  This means that there is no change on the composition of the deposits. Note that when

Rt D > RtI’ Vane ¢F all foreign investors would re-invest in the domestic country, yA¢ON* = 0, and

IA5ON = RIF.

the volume of capital inflows would change to C This is also the same as the case

without controls.

Banking Crises At the time of the adverse shock (g;), the financial intermediaries face the

D(sCCI )> > 1, the financial intermedi-

liquidity shortfalls SF; . By offering the deposit rate <1 + 1
aries attract the deposits from the young SACON . When S’ ACON > SF;, the financial intermediaries

overcome SF; and prevent the immediate bank runs. However, whether the liquidity shortfalls at
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the following period ¢t + 1 can be overcome would depend on the the expected return rates, the
amount of demand deposits, and the loan rate.
When RI{ z\g; > R{ Dp + §t , and SACON = SF;, the available loanable fund after paying SF;

becomes

SACON SF, = (1 _ OétIM) ’??CONRItD?

where (SACON SFt) > <S§V§ - SFt>. According to equation (19), min <1+ loan(ACON)) <

min (1 + zioan(NC)) Compared to equation (11), when min (1 + ziO“”(ACON)> < max (1 + Z'éoan) <
min (1 + zioan(NC)>, this asymmetric capital controls, ACON, could overcome the liquidity short-

falls, SFtAClYON , which cannot be achieved in NC.
When Rt rp = Rtn‘g}"} + ft and SACON = SF;, the available loanable fund after paying SF;

would change to
St ASON —SF, = (1 Qy DD) RIt ( V?CON*) (1 atn\}%) Rjth

where (StAgON — SFt> = (St]YDC — SFt> since yACON* = 4 NC* apd ngON = St],Vg. Moreover,
when Rt D > R{%ﬁ, + §f, foON* = ’yNC* = 0, and SACON = SNC. According to equation
(21) with £k = ACON, when (1 + iy (NC)> <1 + iy (ACON)) SACON = SNC < max SACON =

max SNC, the ability of capital control in overcoming the liquidity shortfalls and in preventing

banking crises is the same as the case NC.

Domestic controls on outflows vs. foreign controls on inflows (ACOI) In this case,
the controls are all for the domestic investors. While the domestic country sets up the ceiling
(1 ’ytACO]) < (1 — fy{vc), the foreign country sets up the ceiling (1 — ﬁtACOI) < (1 — VI{VC) for
each domestic investor. When (1 — qcol ) < (1- Fpcol ), the domestic controls are more re-
strictive for the domestic investors to invest in the foreign country. Under the circumstance where
Rtl’ ]\g}"; Rt DD T 55 , all foreign investors would re-invest in the foreign country but only a fraction
(1 — ’ytACO[ ) of domestic investors would re-invest in the foreign country. The volumes of capital

flows of the domestic country are:

COMOT = (1 -4/ “OT) RIP ,CI/'F°" =0,
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where the voume of capital outflows is less than the case NC, COngI < C()g\fg since (1 ,%4001 ) <

(1- N 0)7. The available loanable and equity funds are ngoj =(1- ozt) wy N4-A41¢01 <1 ozt D D> RIP
and I{“},QOI = afw N + WACOIQ{%DRQD, which are more than the case NC, SfFCOI > St,F and
I ACOI > ItNFC . Therefore, both the equity rate (1 + 1y Jr(fCOI)>, and the values of a{ % pp and/or
atI 41 would decrease. This means that the composition of deposit would shift away from the equity
fund.

Under the circumstance where RIY FD = Rf%’é + ¢F, all domestic investors and a fraction

(1 — nAcol *) of foreign investors would re-invest in the domestic country. So the volumes of

the capital flows of the domestic country would be:

CO/RO" = 0,015 = (1 — 4O RIf"

Since (1 —~{¢07*) = (1—~N%), the volumes of inflows would be the same as the case NC,

CI{“SOI = C’I , and so do the amounts of loanable fund and equity fund: SACOI = Sf}fg =
(1—al)wN+ (1 —al DD) RIP 4 (1 — H/ACON~) (1 a,{]}é[g) RIF, and IAOT = ING = afw,N +
at D DRI D4 ( — ypcol *) oz{ ]\},4 pRI; . Consequently, the equity rate would remain the same as the
case before imposing controls, 1+, +(1AIC)OI) =1+ tEJr({Vg), and the the values of af J‘}%, a{ ]\g p and of
do not change. Similar to case NC, when Rt D > Rtf 1‘F4 o+ Ef , all foreign investors would re-invest

in the domestic country, yA°OV* = 0, and capital inflows would change to CI ACON = RIF.

Banking Crises At the time of the adverse shock (g;), the financial intermediaries face the

(ACO[)) > 1 to attract the deposit

liquidity shortfalls SF; . By offering the deposit rate (1 + 1y
from the young, the financial intermediaries could overcome SF; and prevent immediate bank runs
when Sfyc ON > SF,. Then it depends on the expected return rate and the loan rate to overcome
the liquidity shortfalls at the following period t 4+ 1, S t‘icl'OI ,and to prevent the banking crises at
period ¢ + 1.

When RI{%I} > Rt Dp T ft , and SACOI = SF;, the available loanable fund after paying SF;

becomes

SAFO = SF, = (1 — ofM) 4{“O'RIP,

"The reason why volumes of the flows is restricted by the domestic controls is because (1 — ’ytACOI) (1 '~ytACOI)

When (1 - 'S/f‘COI) (1 '?fCOI) the volumes of flows would be restricted by the foreign countrols.
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where (SACO[ SFt> > (S,{Vﬁ —SFt). According to equation (19), min (1 + ioan(ACOI)) <

min (1 + zioan(NC) ) Compared to equation (11), when min (1 + ioan(ACOI ))

min (1 + zioan(Nc)>

< max (1 + z'éo‘m) <
, the asymmetric capital controls again could overcome the liquidity shortfalls
at period t + 1, which may not be achieved in the case without capital controls.

When Rt rp = Rtn‘g}"} + ff , and SACOI = SF;, the available loanable fund after paying SF;

would change to
SAEOT — SF, = (1 — ofBp) RIP + (1 — {997 (1 — of¥5) RIT.

Since 7{!C0T* = L SAGOT =SNG Similarly, when (143 ™) = (14790 and
SAEOT = NS < max SACCT = max SNC [equation (21) with k = ACOI], the ability of capital

control in overcoming the liquidity shortfalls and in preventing banking crises is the same as the

case without capital controls. Under the circumstance where Rt D > RtI J‘g t+ ff , YACOIx — yNCx

and the conclusion remains the same.

Domestic controls on inflows vs. no foreign controls (ACIN) In this case, the domestic

AC’IN*) < (1 _%{VC*)

country sets up the ceiling ( — Y for each foreign investor and there is no

foreign controls. Under the circumstance where RtI J‘g} = Rt DD —i—f? , all foreign investors would re-

AC[N)

invest in the foreign country but only a fraction (1 - of domestic investors would re-invest

in the foreign country. The volumes of capital flows of the domestic country are:

COAC[N (1 _ ,YflCIN) RItD, CIACOI 0.

ACIN

Since v; =N € the volume of capital outflows is the same as case NC, CO;‘}}QIN = COt ol

and so do the loanable and equity funds, SACIN St F = (1 — a{) wy N+ CIN <1 oy DD) RIP,

ACIN _ 7NC ACIN
and It7F = It’

= afw N + v at MORIP.  As a result, the equity rate and the values of
ol f{ pp and/or of ; would remain the same as the case NC. In other words, the composition of
flows does not change after imposing controls on inflows in this case. Under the circumstance where
R{ DE > R{ ]\g p+ €D ~ACIN — 0 and the volume of capital outflow changes to CO;‘}IQI N = RIP.
Under the circumstance when Rt rp > Rf%i‘; + &b v a,{%j € [0,1], j = D, F, all domestic

investors and a fraction (1 — %40] N *) of foreign investors would re-invest in the domestic country.
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So capital flows of the domestic country would be:

COE™ =0,CIA5™ = (1= 4/“""*) RIF,

where the volume of capital inflows is less than the case NC, C’Ifg IN < C’Igv ¢ since (1 — %40] N *) <

(1 N C*). Accordingly, the loanable fund and the equity fund reduced to S ACIN _ (1 — at) wy N+
(1= af¥p) RIP + (1= 429T) (1 - of¥fp ) RIF, and IAGOT = 1NS = oatlth + olM RIP +
(1- ’nyIN*) {]\}éfl*)RIt , which are less than the case NC, ngIN < S § and IACIN < It]VDC. The

decrease in the equity fund would drive up the equity rate and increase the values of af ]\Iéfl’f), atI ]\[/)[ D

and of. That is, the composition of deposit would shift towards to the equity market.

Banking Crises At the time of the adverse shock (g;), the financial intermediaries face the

DACIN) ) > 1 to attract the deposit

liquidity shortfalls SF; . By offering the deposit rate (1 + 19
from the young, the financial intermediaries could overcome SF; and prevent immediate bank runs
when Sg"‘yc IN > SF;. Then it depends on the expected return rate, the amount of demand deposits,
and the loan rate to overcome the liquidity shortfalls at the following period ¢ + 1 and to prevent
the banking crises at period ¢ + 1.

When RtI ]\[/)[}; = Rt Dp T §tD , and ng‘ff N — SF;, the available loanable fund after paying SFj
becomes

SACIN SF, = (1 _ atIM) AACINRID,

where (SACIN SFt) = (nglg — SFt> since 77\¢IN = yNC According to equation (19), min ( + ioan(ACIN)\

min (1 + Zioan(NC)>'

Therefore, the ability of this asymmetric capital controls, ACIN to overcome
the liquidity shortfalls,SFtAqlN , and to prevent banking crises is the same as the case NC. Similar
to case NC, when RtIDF > Rt Mo+ eP, 40T = yNC = ( and ngIN — SF; = 0 which drives up

loan(ACIN))

min (1 + — 00. This means that the liquidity shortfalls at period ¢ + 1 cannot be

overcome and bank will runs at the period ¢ + 1.
When Rt D = Rtf M 4 ¢F and SACI N = SF;, the available loanable fund after paying SF}

would change to

SAEIN — SE = (1 —ofpp) RIP + (1 —4{°"™™*) (1 — of ¥}) RIf
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where (ng”v - SFt> < <St]yg - SFt). Equation (21) with & = ACIN shows that when
(1 +Z‘?(NC)) = (1 +i?(AC[N)> and ngIN < max SAYIN = max SNC < Sgyg, this asymmet-
ric capital controls could overcome the liquidity shortfalls and prevent banking crises, which cannot

be achieved in the case NC.

4 Discussion

The results of all cases are summaried in Table 1 and Table 2. Table 1 shows the results of the
circumstance where the expected foreign return rates are more attractive while Table 2 shows the
results of the circumstance where the expected domestic return rates are more attractive. In dif-
ferent circumstances, the financial intermediaries face different challenges to overcome the liquidity
shortfalls and to prevent banking crises. Since it is the demand deposits (saving accounts) that are
crucial to bank runs, the discussion will focus on the saving accounts (loanable funds).

In Table 1, when the expected foreign return rate is more attractive, the domestic country lose
the deposits to the foreign country. The lower amount of loanable fund would drive up the loan
rate in order to repay the demand deposits. However, the loan rate has its maximum value which
the entrepreneurs could accept. Therefore, any required loan rate which exceeds the maximum
loan rate means that no entrepreneur would apply for the loan. Without loan repayment at the
following period, the financial intermdiaries cannot repay the demand depsoits, and bank runs will
be the result. So in Table 1, it is the required loan rate which is compared to the maximum loan

rate and the loan rate in case NC to identify the ability to overcome the liquidity shortfals.
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IMx _ pIM D M D
R/pr=Ripp+& /| Ripr> Rt pp T &

Volumes Composition loan rate
Case  CO,: RIP CL iy max (1 + 7o)
CL 0 0 at+1 op (1 I ioan(CL)> (1 n ioan(NC’))
NC o (=)0 - /(1 NO) oo > max (1 + i)
scco  (1- ASCC’O) 0 oM o <1 n ioan(SCCO)) (1 n loan(NC))
scar (1 - 4focr) 0 oM o <1 " ioan(SCCI)) <1 " loan(NC))
ACON (1 AACON) 0 O‘t+1 op b < n ioan(ACON)) <1 +i loan(NC)
ACOI (1 AACOI) 0 at+1 oo b (1 4 ioan(ACOI)) (1 I ioan(NC’))
ACIN  (1—~f¢™Ny/1 0 - /(1 - gloant AOIN)) 00 > max (1 + dlo)

Tablel. When expected foreign rate is relatively attractive: R,{ M > Rt Mo +E&P.

As shown in Table 1, when the expected foreign return rate is relatively attractive, except for
case ACIN, both symmetric and asymmetric controls would affect the volume of capital outflows. It
is imporant to note that the volume of capital outflows would be restricted by the domestic country
when there is domestic capital controls on outflows. The volume of capital outflows, however, would
be restricted by the foreign country when there is no domestic capital control or when domestic
controls are on inflows. Regarding to the composition of the deposits, the decrease in capital
outflows due to the controls would increase both the loanable and the equity funds. Since the
deposit rate is pre-determined, the equity rate is the only rate which could reflect the change of the
amount of funds. The increase in the equity fund would reduce the equilibrium equity rate and
lower the fraction aﬁ{ pp Which the domestic investors would place in the equity market at the
following period. Meanwhile, the changes on the volume of capital outflows and the composition
in case ACIN is the same as the case NC. In terms of the ability to overcome liquidity shortfalls
and to prevent banking crises, the cases with capital controls, except the case ACIN, require a lower
loan rate to meet the demand deposits, and are more likely to overcome the liquidity shortfalls and
to prevent banking crises than the case without controls. The case ACIN’s ability in overcoming

the liquidity shortfalls is the same as the case without capital controls.
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In Table 2, when the expected domestic return rate is more attractive, the domestic country
would receive the deposits from the domestic and the foreign investors. Provided the maximum
value of the loan rate, the amount of demand deposits which the domestic financial intermediaries
could afford has its maximum. Therefore, if the domestic financial intermediaries accept deposits
which are more than what they can afford, the bank runs will be the result. So in Table 2, it is the

amount of accepted deposits compared to the affordable deposits.

M F ) pIM M F
Rt rp=Ripr+& /REp > Ripr +&

Volumes equity rate deposit
Case CO; CI,: RIF ZH_Uf)D max S
CL 0 0 aﬁ/{*pD 1 maXS < max SCL
NC 0 (1- NC*) - maxS
SCCO 0 (1 — 55CC0x) M 1 Ssoco < max §5°CC = max SNC < SN
SCCI 0 (1- ASCCI*) a{%*pD T SSCCI < max SP¢C = max SNC < S
ACON 0 (1- ACON*) /1 - SACON SNC < max SACON = max S,{VC
ACOI 0 (1 -0y /1~ SACO[ S § < max SACOT = max SNC
ACIN 0 (1 — 471N afMep T SEETN < max SACIN = max SVC < SN

Table 2. When expected domestic return rate is relatively attractive: Rt D = RtI Me el

As shown in Table 2, when the expected domestic rate is relatively attractive, both symmetric
controls are effective in reducing the volume of inflows and in affecting the composition of inflows.
Except for case ACIN, the other two cases of asymmetric controls have no effects on either the
volume or the composition of capital flows.. Among the three cases which are effective in affecting
the volume and the composition of flows, the volume of capital inflows is restricted by domestic
controls in cases SCCI and ACIN, but it is restricted by foreign controled in case SCCO. The
decrease in the volume of inflows would lower the amount of equity fund and drive up the equity
rate at the following period. This increase in the equity rate would, in turn, shift the composition
of inflows towards to the equity market, and increase af %*F D-

Regarding to the ability to overcome liquidity shortfalls and to prevent banking crises, when

the domestic deposit rate offered in the open economy is higher than that in the closed economy,
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the amount of saving which the domestic financial intermediaries could afford in an open economy
is less than that in a closed economy, max St]}[g < max SgL . Compared to case NC, the cases in
which the controls are effective in affecting the volume and the composition of flows, such as SCCO,
SCCI, and ACIN, can overcome the liquidity shortfalls and prevent banking crises which case NC
cannot achieve. The ability of the economy in the cases in which the controls have no effects on
either the volume or the composition of flows perform the same as the case without controls in
terms of overcoming liquidity shortfalls and preventing banking crises.

Coming both tables, symmetric controls, whether both countries have inflows or outflows,
demonstrate the effectiveness on affecting both the volume and the composition of flows, regardless
of which country has a relatively high expected return rate. However, whether the asymmetric
controls are effective depends on which country has a higher expected return rate. Controls on
outflows are effective when the foreign country has a more attractive expected return rate while
controls on inflows are effective when the domestic country has a more attractive expected return
rate.

Most interestingly, the majority of cases with controls could overcome liquidity shortfalls and
prevent banking crises which the case without controls cannot achieve. To be more specific, when
the expected foreign return rate is relatively attractive, four out of five cases with controls could
perform better in terms of overcoming liquidity shortfalls. The only case which performs similarly
to the case without controls is the one controling on inflows asymmetrically. When the expected
domestic return rate is relatively attractive, there are three out of five cases with controls which
could perform better than the case without control in terms of overcoming the liquidity shortfalls
and preventing banking crises. The two cases which perform similarly to the case without controls

are the ones controlling output asymmstrically.

5 CONCLUSION & EXTENSIONS

Capital controls have been considered and adopted to protect the country from international finance
crises and to change both the volume and the composition of capital flows. This paper examines

capital controls on both outflows and inflows, and finds that capital controls on outflows and inflows
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may or may not achieve the objectives on changing the volume and the composition of capital flows.
Moreover, the ability of capital controls on protecting the economy from banking crises and sudden
stops is limited.

To be more specific, controls on capital outflows and inflows could both change the volume of
capital flows at the time when the controls are imposed. However, the ability of the controls on
changing composition of capital flows and to protect the country from banking crises and sudden
stops is limited. Taking controls on capital outflows as an example, composition of capital flows
would change only when one of the return rates has gone below the lower limits. Sudden stops
could be prevented when foreign banks run, but the domestic countries have remedied the liquidity
problems. Therefore, sudden stops can be prevented due to the remedy on liquidity problems, not
due to the controls on capital outflows. The controls on capital inflows could cause two opposite
effects on the return rates of the credit markets. When the two effects offset each other and leave
the return rates unchanged, the composition on capital flows may remain the same. Whether the
controls on capital inflows could prevent immediate bank runs and sudden stops depend on whether
the liquidity problems of the financial intermediaries can be overcome. To prevent future bank
runs, the financial intermediaries must provide the affordable rates, rather than competitive rates.
Therefore, it is not the capital controls on inflows that could protect the economy from sudden
stops, but the remedies that could overcome the liquidity problems.

There are several limitation of this paper, which can be extended in the future. The direct
extension is to discuss various types of capital controls together with different types of international
shocks, as well as contagion effects. Moreover, introducing currencies would allow the discussion

on currency risks, which capital controls could affect in some aspects.
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Figure 3: The decision making of the young individuals

Middle aged
learned types

Investors (1)-- Entrepreneurs

(1-2)
|

Borrow and

Decide where
to invest

Domestic
credit markets

Foreign credit

) markets (1 —y) start

production

Figure 4: The decision making of middle-aged individuals
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Figure 5: The returns from production (the loan market)
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