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1. Introduction

The international reserves, which are mostly held in the form of U.S. T-bills by emerging

economies, are thought to have played a major role in shaping global financial flows and real

interest rates over the last decade. However, economists are still unclear about the root causes

of the rapid growth in reserve holdings by emerging economies. Most economists studying

this topic point to either risk or policy-related factors. The risk approach stresses a hedging

role of reserve assets against random sudden stops, whereas the policy approach focuses on

the reserve assets as a tool in a policy of currency undervaluation.1

While these explanations admittedly provide important insights, one major challenge with

them is that the calibrated versions and/or forecasts of their models usually fail to match

the sheer size and trend of many emerging markets’ reserve accumulation by a large margin.

Some even call this failure an excess reserve accumulation puzzle (Summers, 2006; Jeanne and

Ranciere, 2011). Therefore, the aim of this paper is to offer a solution for this puzzle. To that

end, this paper first renews a very important but largely neglected attribute of the reserve as-

sets (i.e., U.S. T-bills) in the literature: liquidity.2 In a world where emerging economies are in

need of sustained foreign capital inflows, reserve assets could play a crucial role in facilitat-

ing foreign capital inflows by serving as primary collateral similar to Dooley, Folkerts-Landau,

and Garber (2004). Alternatively, reserve assets could alleviate the loss from the repatriation

of foreign capital by serving as a means of buying back foreign capital. What is of importance

is that despite these different roles, reserve assets could effectively serve as liquidity services

to the extent that holding more of these assets attracts more foreign capital inflows.

I argue that the sustained enhancement of reserve assets’ liquidity holds a key to under-

standing the recent upward trend in reserve accumulation by many emerging markets. There-

fore, the first task in supporting this argument is to account for what drives this liquidity

property enhancement. For this reason, I bring insights from a new branch of monetary eco-

nomics—with Lagos (2010) at the front—that pioneers a new asset pricing model for which

assets, in addition to the discounted value of future dividend streams, can be valued for their

endogenous liquidity properties.3 I take this insight further and apply it to a global portfolio

choice problem with endogenous change in reserve assets’ liquidity property.

The explanation for the endogenous and simultaneous change in reserve assets liquid-

ity as well as for reserve hoarding is simple and intuitive: emerging economies seek to make

contracts with developed countries to bring foreign capital through international capital mar-

1For a more comprehensive literature review, see Bernanke (2005); Lane and Milesi-Ferretti (2007a); Ghironi,
Lee, and Rebucci (2007); Gourinchas and Rey (2007); McGrattan and Prescott (2007); Warnock and Warnock
(2009); and Obstfeld, Shambaugh, and Taylor (2010).

2A recent empirical study by Krishnamurthy and Vissing-Jorgensen (2012) demonstrates that U.S. Treasury
bonds have superb liquidity that is akin to the U.S. dollar’s liquidity.

3With ad hoc assumptions, such as a cash-in-advance constraint, accounting for endogenous change in asset
liquidity is virtually impossible. This is where the monetary search framework’s usefulness comes in.
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kets. Importantly, in the present model, these markets do not use a centralized trading mech-

anism, such as an exchange. Instead, agents from emerging and developed countries meet

in a bilateral fashion and negotiate the terms of trade. Due to imperfect credit and limited

commitment, reserves assets are assumed to effectively serve as a sole medium of exchange

for foreign capital inflows.4

Within this framework, reserve assets can carry a liquidity premium, which reflects as-

sets’ ability to facilitate transactions in international capital markets. A process of declining

friction (e.g., financial deregulation) in these markets expedites trade between agents, which

makes the liquidity premium on the reserve assets higher and thus leads to low rates of re-

turn in equilibrium. In this context, agents from emerging markets value the reserve assets’

enhanced liquidity attributes more than their counterparts. This is due to the fact that the

agents from developed countries do not require any liquidity services from the reserve assets

in the international capital markets.5 Eventually, this leads to the equilibrium level of reserve

hoarding by emerging economies to increase.

This new liquidity approach for analyzing the recent buildup of emerging markets’ in-

ternational reserves relies on the premise that international capital markets are character-

ized by decentralized trading. This assumption is by no means a pure theoretical abstrac-

tion. Over the last decade, the global economy witnessed the emergence of foreign capital

inflows into emerging economies, especially those associated with newly developed financial

instruments, such as hedge fund investment, leveraged buyout funds by private equity firms,

wholesale funding by multinational investment banks, and so on. What is crucial is that these

new types of private investment inflows (consistent with the present model’s assumptions)

are mostly carried out through over-the-counter (OTC) markets, such as those described in

Duffie, Gârleanu, and Pedersen (2005).

To further justify the model framework, this study also includes quantitative analysis. The

main testable implication of the model is that foreign capital inflows through OTC markets

should be tightly linked to the recent upsurge in emerging markets’ reserve holdings. This

hypothesis is tested on a collection of 53 emerging economies using data from 1997 to 2007.

Dynamic panel estimation results strongly support the hypothesis. In addition, the extraordi-

4This assumption of reserve assets (i.e., U.S. T-bills) being used as a direct medium of exchange instead of
serving a more practically plausible role, such as collateral, can be justified on the grounds of recent mone-
tary search literature. Lagos (2011); Venkateswaran and Wright (2013); Geromichalos and Herrenbrueck (2013)
demonstrate that assets can effectively act as media of exchange despite multiple contractual differences (e.g.,
collateral, REPO, and secondary OTC assets). Furthermore, employing the model with assets as a direct medium
of exchange can avoid unnecessary complexities.

5I admit the importance of the role of emerging market’s public sectors (i.e., central banks) in the emergence
of rapid reserve accumulation. Nonetheless, analyzing the phenomena purely from the perspective of a private
sector’s portfolio choice is not implausible either. This is because most emerging economies are channeling
their private sector’s foreign asset savings through the official sector. In other words, the reserve assets held by
the central bank in emerging economies are indirectly controlled by private sector decisions through capital
controls, the issuance of quasi-collateralized sterilization bonds, and so on. See Caballero, Farhi, and Gourin-
chas (2008) for more empirical observations that justify this approach.
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nary rise of East Asia’s international reserve holdings, which are often regarded as anomalous

in conventional risk-based models, is in fact found to be quantitatively consistent with out-

of-sample forecasts based on the liquidity-based model specification. In short, this study not

only provides a new liquidity-based perspective of the phenomena, but it also demonstrates

evidence for the theory’s empirical relevance.

Analyzing reserve accumulation through the lens of the liquidity channel adds new in-

sights to the existing literature. Some prominent studies (e.g., Caballero, Farhi, and Gourin-

chas (2008); Mendoza, Quadrini, and Rios-Rull (2009)) emphasize local assets’ lack of pledge-

ability or emerging markets’ financial underdevelopment as major sources of the excess global

demand for U.S. assets (i.e., U.S. T-bills). If this argument holds universally, then the recent

turmoil in the U.S. financial market along with the U.S. debt fiasco that damaged U.S. assets’

pledgeability should have coincided with at least a slowdown of reserve accumulation. How-

ever, the data clearly show no sign of such a comedown. By restricting the two-country model

to a symmetric financial asset case, this study does not suffer the same issue. The liquidity-

based theory provides a much more natural way of supporting sustained reserve accumula-

tion even in the aftermath of the crisis.

Another advantage of this paper is that it provides a framework that is not specific to

East Asia. Aizenman and Marion (2002); Durdue, Mendoza, and Terrones (2007); Jeanne

and Ranciere (2011) argue that a series of emerging market crises in the 1990s gave rise to

East Asia’s extraordinary demand for foreign reserve assets. Meanwhile, Summers (2006) and

Dooley, Folkerts-Landau, and Peter (2005) suggest that reserve accumulation is a direct con-

sequence of East Asia’s industrial policies aiming to achieve undervalued currencies. How-

ever, China and India were not hit by the Asian financial crisis, and many East Asian coun-

tries switched to an almost fully flexible exchange regime after the crisis.6 In this regard, the

present model complements East Asian-based explanations by providing an extra liquidity

channel through which demand for reserve assets (i.e., U.S. T-bills) can be boosted.

Having drawn on a multiple-asset version of Lagos and Wright (2005), this paper also lays

a foundation for addressing an unresolved issue in international macroeconomics. Kehoe,

Ruhl, and Steinberg (2013) highlight that the international macro literature does not provide

micro-founded explanations for why emerging economies bias their international portfolios

toward U.S. assets. By introducing the international capital market with U.S. assets (i.e., U.S.

T-bills) as the sole medium of exchange, this paper provides such a micro-foundation for U.S.

asset biased portfolio composition.7

6Furthermore, empirical evidence is not in favor of their arguments on many occasions. See Aizenman and
Lee (2007) for the mixed empirical evidence on the conventional explanations.

7Deeper insights into why the U.S. assets may be a superior means of payment in transactions have been
offered in the literature. Devereux and Shi (2013) construct a dynamic general equilibrium model of a vehicle
currency where agents prefer an indirect trade using the U.S. dollar to a direct trade using their own curren-
cies. One could also refer to the intuition of Rocheteau (2011) and Lester, Postlewaite, and Wright (2012) where
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As already pointed out, this study attempts to bring intuitive insights from the growing

monetary search literature that studies the broader notion of assets as facilitators of trade

(e.g., Lagos and Rocheteau (2008); Lagos (2011); Lester, Postlewaite, and Wright (2012)). In

line with the present paper, some of these studies take the insights further by applying this

notion of asset liquidity to traditional macro puzzles related to asset pricing and portfolio

choice theory. Lagos (2010) proposes a framework enriched with risk shocks to resolve the

equity premium puzzle, which the consumption-based capital asset-pricing model usually

finds hard to reconcile. Geromichalos and Simonovska (2011) also bring the monetary search

literature closer to questions related to international portfolio diversification. Similar to the

present paper’s setup, they consider a two-country environment characterized by assets’ role

as media of exchange, which plays a crucial role in rationalizing the home asset bias puzzle.

Nonetheless, this study is the first to explore the implications from the OTC international in-

vestment market on the asymmetric distribution of asset holdings across countries.

The remainder of the paper is organized as follows. Section 2 describes the model. Sec-

tion 3 explains the optimal behavior of agents in the economy. Section 4 characterizes the

equilibrium. Section 5 sets up a testable hypothesis from the model, formulates empirical

specifications for emerging markets’ international reserve holdings, and presents the estima-

tion results. Concluding remarks follow in Section 6.

2. The Model

Time is discrete, and the horizon is infinite. There are two countries, home and foreign. The

home country represents a developing country (i.e., China), while the foreign country repre-

sents a developed country (i.e., the United States). Each country has a unit measure of agents

who live forever. For notational simplicity, I shall henceforth call home and foreign agents H

and F, respectively.

Each period is divided into three sub-periods for which economic activities differ. Dur-

ing the first sub-period, every agent, regardless of where he/she resides, is endowed with

a production technology that allows him/her to transform each unit of labor into a unit of

numeraire goods. These goods are identical, so all agents are basically self-sufficient in nu-

meraire goods consumption. In this regard, this model abstracts away from international

goods trade. However, the agents can trade these goods for two different financial assets (i.e.,

home and foreign assets). What is critical here is that trade for financial assets in this sub-

period takes place in one centralized, or Walrasian, market (CM).

The two financial assets (i.e., home and foreign) are perfectly divisible and meant to rep-

resent emerging market debt and U.S. T-bills, respectively. For tractability, Lucas (1978) trees

asymmetric information on different assets would give rise to one particular asset as a sole medium of exchange.
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are adopted. In each country, a new set of trees is born in the CM every period. Each unit of

the tree delivers one unit of numeraire goods in the next period’s CM, and then it dies. This

simplifies the maturity of both bonds to one period.8 Any agent can purchase and trade shares

of these trees at the ongoing market price (i.e., ψ and ψ∗ for home and foreign assets, respec-

tively). The supply of these trees for each country is fixed over time and is denoted by T and

T ∗, respectively.

During the second sub-period, H and F both visit the foreign investment market (FIM)

to engage in anonymous bilateral trade with search frictions. Importantly, it is assumed that

onlyF is endowed with a technology to produce capital goods, andH obtains utility from con-

suming them, which givesH and F motives for trading with each other. Real-world examples

of capital goods could be foreign investment projects for building infrastructure, enhancing

local firms’ management skills and knowhow, developing financial market structure, and so

on. Emerging economies benefit from these projects for a variety of reasons, such as employ-

ment opportunities and positive technology spillovers. These benefits explain whyH seeks to

acquire capital goods from the F in the model. In this sense, the recipient of foreign invest-

ment projects (i.e., H) is identified as a buyer of capital goods, whereas F is labeled a seller in

this FIM. Most importantly, it is assumed that exchange in this market requires a medium of

exchange (MOE). Motivated by the theoretical arguments and empirical evidence given ear-

lier, only foreign assets (i.e., U.S. T-bills) can serve as a direct medium of exchange. Lastly,

for the sake of this paper’s objective, the model abstracts from bargaining considerations. Ac-

cordingly, the buyer (i.e., H) is assumed to make a take-it-or-leave-it offer to the seller (i.e., F )

in any bilateral meeting.

In the third sub-period, all agents are back in their local country and visit their own de-

centralized markets, where bilateral and anonymous trade for specialized goods only among

local agents takes place. Again, this restriction precludes the model from an international

goods trade channel. Following Lagos and Wright (2005), the local decentralized market is

termed DM henceforth, and goods here shall be called as special goods. Since the key liquid-

ity mechanism of this model is derived from the FIM, the DMs are set up to be as simple as

possible. The two DMs are symmetric. Analogous to the FIM, exchange has to be quid pro

quo, and only local assets can serve as the means for payment in the DM.9 Furthermore, the

take-it-or-leave-it offer by the buyer of the special goods is again assumed.

Time preference with a parameter β ∈ (0, 1) applies only between periods but not between

sub-periods, and H consumes in all sub-periods, and she supplies labor in the first and third

sub-periods. Let UH(x,X, l, L, t) represent H’s preferences, where x and X are consumption

8One could instead introduce multi-period bonds, which would not change the qualitative implications of
model. The one-period bond assumption is imposed purely for simplification.

9This assumption is not just motivated by empirical evidence. Geromichalos and Simonovska (2011) actually
show that local assets can indeed endogenously arise as a superior medium of exchange in local markets with
an introduction of tiny transaction costs associated with local trade using foreign assets.
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in the DM and CM, respectively while l and L denote labor hours in the DM and CM respec-

tively. Lastly, t captures the amount of capital goods obtained from the F in the FIM. Agent F

consumes only in the first and third periods, and she supplies labor in the second and third

sub-periods. Let UF (x,X, l, L, h) represent F ’s preferences, where the only new variable is h,

which stands for labor units employed in the FIM. Following the traditional monetary search

literature, the quasi-linear utility functional form is adopted as

UH(x,X, l, L, t) = U(X)− L+ u(t) + u(x)− l

UF (x,X, l, L, h) = U(X)− L− c(h) + u(x)− l

Thus, the usual assumption for the utility and cost functions in the literature applies: u′ >

0, U ′ > 0, u′′ < 0, U ′′ < 0, U ′(0) = u′(0) = +∞, c′ > 0, c′′ > 0.10

Next, search frictions in the FIM and DM need to be defined. First in the FIM, a random

match between H and F is assumed with a matching function, M(B, S), which indicates the

total number of matches in the FIM when the mass of buyers (i.e., H) and sellers (i.e., F )

equal B and S, respectively. This matching function, M , is assumed to be increasing in both

arguments and homogeneous of degree one. As a result, the arrival rate of buyers (sellers) to

an arbitrary seller (buyer), χf and χh, respectively, can be expressed as

χf =
M(B, S)

S
= M

(
B

S
, 1

)
≡ f(θ)

χh =
M(B, S)

B
= M

(
1,
S

B

)
≡ θχf

where θ, market tightness equals S
B

. It is finally assumed that buyers (H ) always visit the FIM

and sellers (F ) get to visit the FIM with a probability δ ∈ (0, 1) which is meant to capture

a degree of international financial market integration. Under this assumption, the market

tightness is then given by θ = δ
1

= δ.

Search frictions in the DM closely follow Lagos and Wright (2005). In each of the DMs,

two agents i and j are drawn at random. This leads to three possible events. The probability

that i consumes what j produces but not vice versa (i.e., a single coincidence) is denoted as

σ. Symmetrically, the probability that j consumes what i produces but not vice versa is also

σ. In a single-coincidence meeting, the agent who wishes to consume is called the buyer and

the agent who produces is called the seller. The probability neither wants anything the other

produces is 1 − 2σ, which implies σ ≤ 1/2.11 Lastly, the σ is assumed to be symmetric across

the two countries. Figure 1 summarizes the timing of events in this model economy.

10For simplicity, it is assumed that c(l) = l, which is of no importance for main model implications later.
11The last potentially possible case (i.e., when both parties like what the other produces) is ignored for sim-

plicity.
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Figure 1: Timing of Events

3. Value Functions and Optimal Behavior

3.1. Value Functions

For presentation convenience this section begins by describing an agent’s value function in

the CM. Consider the H who enters this market with a portfolio of home and foreign assets

(a, a∗). The Bellman’s equation is then expressed by

WH(a, a∗) = max
{X,L,â,â∗}

{
U(X)− L+ ΩH(â, â∗)

}
s.t. X + ψâ+ ψ∗â∗ = L+ a+ a∗

where ψ and ψ∗ stand for the prices of home and foreign asset respectively and variables with

hats denote next period’s choices. It can be easily verified that, at the optimum, X = X̄.

Replacing L from the H’s budget constraint into WH(a, a∗) yields

WH(a, a∗) = U(X̄)− X̄ + (a+ a∗) + max
{â,â∗}

{
− ψâ− ψ∗â∗ + ΩH(â, â∗)

}
(1)

It is important to note that no wealth effects for the H ’s portfolio choice exists following from

the quasi-linearity of U . Furthermore, WH(a, a∗) is linear in state variables and therefore can

be simplified as

WH(a, a∗) = ΛH + a+ a∗ (2)

7
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Next, consider the F ’s Bellman’s equation. Regarding her asset holdings, she is assumed to

carry no home assets as she leaves the CM for simplicity.12 Thus, when the F enters the CM,

she can only hold foreign assets that she received during trade in either of the preceding FIM

and DM (i.e., a∗ is the only state variable for the F ). This gives the CM value function of F as

W F (a∗) = max
{X,L,â∗}

{
U(X)− L+ ΩF (â∗)

}
s.t. X + ψ∗â∗ = L+ a∗

Since X = X̄ at the optimum again, the Bellman’s equation for the F can be rewritten as

W F (a∗) = U(X̄)− X̄ + a∗ + max
{â∗}

{
− ψ∗â∗ + ΩF (â∗)

}
(3)

The quasi-linearity assumption also simplifies the e.q.(3) as an affine function13

W F (a∗) = ΛF + a∗ (4)

Once the CM closes, both proceed to the FIM. The matching probabilities (or arrival rates)

for the two types of agents (H and F ) are exogenously given by χh and χf . Let t denote the

amount of capital goods transferred from the F to the H in the FIM, while b∗ stands for the

total units of foreign assets received by the F in exchange for the t given to H. These terms

will be determined through bargaining which will be dealt in details later. For now, it is un-

derstood that b∗ and twill, in general, be functions of the foreign asset holdings of bothH and

F within a match. Let ã∗ denote the amount of foreign asset holdings that an agent expects a

potential counterparty to carry. The following then shows the value functions for the H and

F during the FIM.

ΩH(a, a∗) = χh
{
u(t) + V H(a, a∗ − b∗)

}
+ (1− χh)V H(a, a∗) (5)

ΩF (a∗) = χf
{
V F (a∗ + b∗)− c(t)

}
+ (1− χf )V F (a∗) (6)

where V H and V F denote a value function for the H and F respectively in the following local

DMs, and t = t(a∗, ã∗), b∗ = b∗(a∗, ã∗).

Finally consider value functions in the last sub-period. For the home country’s local DM,

let F (ã) be the distribution of home asset holdings among home agents. Let q also be the

12Intuitively, the F does not require any liquidity service from home assets in any of the FIM and her local DM.
However, there may be a case where the cost of carrying home assets becomes zero in equilibrium. In this case,
the F may choose to hold home assets purely as a savings instrument. In order to avoid this situation, one could
possibly introduce an infinitesimally small cost of participating the CM in line with Chiu and Molico (2010). This
would ensure no home asset holdings by the F all the time. One can also refer to Rocheteau and Wright (2005)
for a careful proof of the result that sellers do not hold any means of payment.

13The definition of ΛH and ΛF are obvious from e.q.(1) and (3) respectively.
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quantity of special goods produced by the seller, and n the total payment in the units of home

assets, made to the seller by the buyer. These terms will also be determined through bargain-

ing explained later. The Bellman’s equation then is

V H(a, a∗) = σ
{
u(q(a)) + βWH(a− n(a), a∗)

}
(7)

+ σ

∫ {
− q(ã) + βWH(a+ n(ã), a∗)

}
dF (ã)

+ (1− 2σ)βWH(a, a∗)

where q = q(a) and n = n(a).

The first line captures the payoff from buying q(a) and going to the next period’s CM with

asset holdings of (a − n(a), a∗). The second line means the expected payoff from selling q(ã)

and going to the next period’s CM with (a + n(ã), a∗). It is easy to see that only the amount of

assets that the buyer brings into the DM matters for the determination of the terms of trade.

The last line is the payoff from going to the next period’s CM with no trade history in the

current DM. The F ’s value function in the DM can be computed in a similar way. Using the

same intuition, the Bellman’s equation for the F can be expressed as

V F (a∗) = σ
{
u(q(a∗)) + βW F (a∗ − n(a∗))

}
(8)

+ σ

∫ {
− q(ã∗) + βW F (a∗ + n(ã∗))

}
dF (ã∗) (9)

+ (1− 2σ)βW F (a∗)

Having figured out the value functions for all agents, the next section describes the terms

of trade in a bilateral trading session in the DM and FIM respectively.

3.2. Bargaining in the DM

Since the DM follows after the FIM, the terms of trade in the FIM should be critically affected

by the terms of trade in the DMs. For this reason, backward induction is employed. Following

the previous section, the terms of trade in any bilateral meeting within the home DM are

{q(a), n(a)}, where a is the amount of home asset holdings that the buyer has brought into the

bargaining. With take-it-or-leave-it offers by the buyer, the bargaining problem is then

max
{q,n}

{
u(q) + β

[
WH

(
a− n, a∗

)
−WH

(
a, a∗

)]}
s.t. 1. q ≤ β

[
WH

(
a+ n, a∗

)
−WH

(
a, a∗

)]
2. n ≤ a

9
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The buyer tries to maximize the special goods consumption utility (i.e. u(q)). At the same

time, she also needs to minimize the loss from giving up n in exchange for q in a present

discounted form. This is what the objective function in the bargaining problem describes. By

the same logic, gains in exchange for q must be greater than or equal to the cost of producing

q for the seller. Moreover, the amount of assets handed over to the seller can not exceed what

the buyer owns at the time of negotiation due to the limited commitment problem. These

explain the two budget constraints. Exploiting the linearity of the WH(a, a∗) in e.q.(1), the

bargaining problem can be rewritten as

max
{q,n}

{
u(q)− βn

}
s.t. 1. q = βn

2. n ≤ a

By the symmetric DM assumption across the countries, the bargaining problem in the

foreign country’s local DM can be written almost identically.

max
{q∗,n∗}

{
u(q∗) + β

[
W F

(
a∗ − n∗

)
−W F

(
a∗
)]}

s.t. 1. q∗ ≤ β
[
W F

(
a∗ + n∗

)
−W F

(
a∗
)]

2. n∗ ≤ a∗

The linearity of the W F (a∗) in e.q.(3) again simplifies the problem as

max
{q∗,n∗}

{
u(q∗)− βn∗

}
s.t. 1. q∗ = βn∗

2. n∗ ≤ a∗

The following lemma describes the bargaining solutions during the two DMs in detail.

Lemma 1. Define q̃ =
{
q : u′(q) = 1

}
and ǎ = q̃

β
. The the solution to the bargaining problem of

H is given by

If a ≥ ǎ then

q = q̃

n = ǎ
If a < ǎ then

q = βa

n = a

10
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By the same token, the solution for the foreign country’s DM bargaining is:

If a∗ ≥ ǎ then

q∗ = q̃

n∗ = ǎ
If a∗ < ǎ then

q∗ = βa∗

n∗ = a∗

Proof. It can be easily verified that the suggested solution satisfies the necessary and suffi-

cient conditions for maximization.

With no hold-up problem understanding the lemma above is straightforward. What de-

termines the solutions critically depends upon the buyer’s local asset holdings brought into

the bargaining. When her local asset holdings are short of the threshold level, ǎ, she would

purchase as much q as her local assets holdings allow. On the contrary, if her local asset hold-

ings are greater than or equal to ǎ then, she would only spend a portion of the assets such that

she could purchase only up to the optimal amount of q̃.

3.3. Bargaining in the FIM

Consider a meeting in the FIM between theH with foreign asset holdings of a∗h and the F with

a∗f . Assuming again the take-it-or-leave-it offer by the buyer (H), the bargaining problem is

written as

max
{t,b∗}

{
u(t) +

[
V H
(
a, a∗h − b∗

)
− V H

(
a, a∗h

)]}
s.t. 1. c(t) ≤

[
V F
(
a∗f + b∗

)
− V F

(
a∗f
)]

2. b∗ ≤ a∗h

Intuition of this bargaining problem is identical to the DM’s case. The two constraints stand

for the usual participation constraint for the seller (F ) and resource constraint for the buyer

(H) respectively. Notice that the threat point adjusted surplus or loss is not discounted here

due to no time discount between sub-periods. If one substitutes the value functions V H and

V F from e.q.(7) and e.q.(8) into the expression above, the bargaining problem can be rewritten

as

max
{t,b∗}

{
u(t)− βb∗

}
s.t. 1. c(t) ≤ βb∗ + σ

[
u(q(a∗f + b∗))− βn(a∗f + b∗)

]
− σ

[
u(q(a∗f ))− βn(a∗f )

]
2. b∗ ≤ a∗h

It is understood that the q(·), n(·) are described by the solutions to the DM bargaining prob-

lem described earlier. The participation constraint for the F in this problem deserves some

11
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intuitive explanation. Unlike the DM’s bargaining case, the seller (F )’s gain in exchange for

capital goods comes from two sources; the asset’s store-of-value (i.e., βb∗) and medium-of-

exchange-value in the subsequent DM
(

i.e., σ
[
u(q(a∗f+b∗))−βn(a∗f+b∗)

]
−σ
[
u(q(a∗f ))−βn(a∗f )

])
.

This is what makes the FIM trade essentially drive the liquidity mechanism of the model later.

Lemma 2 summarizes the bargaining solution.

Lemma 2. Define top =
{
t : u′(t)

c′(t)

}
, ā∗f =

{
a∗f : σu(βa∗f ) + (1− σ)βa∗f = βǎ+ σ

[
u(q̃)− q̃

]
− c(top)

}
,

ã∗h =
{
a∗h : c(top) = σu(q(a∗h)) + (1 − σ)βa∗h

}
, à∗h =

{
c(top) − σ[u(q̃) − u(βa∗f ) + q̃ − βa∗f ]

}
/β and

a∗h,Min =
{
a∗h : c(top) = σ

[
u(q(a∗f + a∗h)) − u(q(a∗f ))

]
+ (1 − σ)βa∗h

}
where q̃ and ǎ are defined in

Lemma.1. Under a parameter space such that βǎ < c(top) < βǎ + σ
[
u(q̃) − q̃

]
, the bargaining

solution is as follows.14

If

a∗h ≥
c(top)
β

a∗f ≥ ǎ
then

t = top

b∗ = c(top)
β

⇒ Region 1

If

a∗h ≤
c(top)
β

a∗f ≥ ǎ
then

t =
{
t : βa∗h = c(t)

}
b∗ = a∗h

⇒ Region 2

If

a∗h ≥ à∗h

ā∗f ≤ a∗f ≤ ǎ
then

t = top

b∗ = à∗h

⇒ Region 3

If

ǎ− a∗f ≤ a∗h ≤ à∗h

ā∗f ≤ a∗f ≤ ǎ
then

t =
{
t : c(t) = βa∗h + σ

[
u(q̃)− u(βa∗f )− q̃ + βa∗f

]}
b∗ = a∗h

⇒ Region 4

If

a∗h ≥ a∗h,Min

a∗f ≤ ā∗f

then

(t, b∗) =
{

(t, b∗) : t > top, b∗ < a∗h, b
∗ < ǎ− a∗f ,

c(t) = (1− σ)βb∗ + σ
[
u(β(a∗f + b∗)− u(βa∗f )

]} ⇒ Region 5

If

a∗h ≤ a∗h,Min

a∗f ≤ ǎ− a∗h
then

t =
{
t : c(t) = (1− σ)βa∗h + σ

[
u(β(a∗f + a∗h))− u(βa∗f )

]}
b∗ = a∗h

⇒ Region 6

Proof. See appendix

Lemma 2 can be intuitively interpreted with an assistance of Figure 2. First thing to notice

here is that the bargaining solution is affected not only by the a∗h but also the a∗f . This feature

again stems from a specific timing of the FIM and DM introduced in this model. After the

FIM, the seller (F ) needs to come back home and to visit the local DM using foreign assets

as means of payment. Knowing this, F ’s participation constraint for accepting the offer from

theH within the FIM bargaining has to be linked to the liquidity constraint in the subsequent

local DM. For instance, there are 6 regions of different bargaining solutions depending on the

14The other potential parameter space case where βǎ+σ
[
u(q̃)−q̃

]
≤ c(top) is relegated to appendix. As a matter

of fact, this second case becomes nested by the first one. For this reason, only the latter will be considered for
the rest of the analysis.
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Figure 2: Regions of the FIM Bargaining Solution

combination of {a∗h, a∗f} at the time of bargaining.

Consider the situation where the liquidity holdings of F are plentiful (i.e., the amount of

foreign assets held by the F already satisfies the first best liquidity amount, ǎ in the subse-

quent local DM). In this case, the H’s foreign asset holdings solely determine the terms of

trade because the F ’s expected surplus from obtaining foreign assets during the FIM trade is

derived only from a store value of the asset (i.e., dividend payment in the next period’s CM).

Given this observation, if the H’s foreign asset holdings happen to be greater than or equal to

the amount required to purchase the first best (top), then she would only give up the amount

just enough to cover top. On the other hand, if she is short of the amount for the top then, she

would give up all her foreign asset holdings and purchase t as much as possible. These two

situations are respectively illustrated in region 1 and 2 of Figure 2.

When the F ’s foreign asset holdings fall short of ǎ, then the liquidity factor kicks in to alter

the participation constraint for theF during the FIM bargaining. Suppose {a∗h, a∗f} initially lies

in region 1 and all of sudden a∗f falls below ǎ. This would enforce the F ’s liquidity constraint

in the subsequent DM to bind. As a result, the F would appreciate the acquisition of foreign

assets during the FIM trade more. This in turn would bring about more favorable terms of

trade for the H, and therefore the top with less amount of foreign assets changing hands com-

pared to the region 1 case. Exactly same reasoning applies to the shift from region 2 to region

13
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4. Given the same amount of foreign asset holdings transferred to the F , she would agree to

provide more capital goods (t) in region 4 than region 2. Again, the difference between t in the

two regions reflects on the different liquidity constraints that the F would face in the subse-

quent local DM.

Region 5 represents a situation where the discrepancy between agents’ foreign asset hold-

ings is somewhat extreme. In this case, the F faces a severe liquidity constraint in the follow-

ing local DM while the H holds a lot of foreign assets. Hence the F ’s rather extreme despera-

tion for liquidity basically drives up the liquidity property of foreign assets to the point where

she would be willing to accept very bad terms of trade
(

i.e.,
{
t > top, b∗ < a∗h

})
. Notice here

that there even exist some part of region 5 where the sum of foreign asset holdings by both H

and F falls short of ǎ and yet the H would get more than top.

Lastly, region 6 implies the situation in which the liquidity in the economy dries up most.

The H would give up all of her foreign assets to acquire t as much as possible. Since the first

best liquidity amount for the F can not be met in anyway (i.e., a∗h + a∗f < ǎ), the amount of

goods produced would be strictly less than the first best outcome (i.e., top).

3.4. Objective Function and Optimal Behavior

With bargaining solutions of the FIM and DMs in place, one can proceed to derive the objec-

tive function of the representative agent and describe optimal behavior. The aim of the objec-

tive function is to figure out agent’s optimal portfolio choice. Consider the objective function

for the H first. To that end, substitute e.q.(7) into e.q.(5) and lead the emerging expression for

ΩH(a, a∗) by one period. This would generate the following.

ΩH(âh, â
∗
h) =βâ∗h + χh

[
u(t(â∗h, â

∗
f ))− βb∗(â∗h, â∗f )

]
(10)

+ βâh + σ
[
u(q(âh))− βn(âh)

]
+ βΛH + σ

∫ {
− q(ã) + βWH(n(ã), 0)

}
dF (ã)

The three lines of this expression represent different benefits at different sub-periods for

the H who enters the FIM with a portfolio of (âh, â
∗
h). The first line corresponds to the ben-

efit from holding foreign assets. The first term indicates the discounted vale of dividends at

the next period’s CM while the second term shows the net surplus from the FIM trade. No-

tice that this net surplus depends upon her belief on the F ’s foreign asset holdings (â∗f ) since

they would affect the terms of trade during the FIM bargaining. The second line analogously

stands for the discounted value of home asset dividends as well as the net surplus from par-

ticipating in the subsequent local DM as a buyer. Last line implies the constant benefit that

does not depend on the H’s portfolio choice (i.e., next period CM’s net consumption utility

gain plus the net surplus in the subsequent local DM as a seller).

14
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The next step is to plug e.q.(10) into WH(a, a∗) in e.q.(1). Focusing on the terms inside the

maximum operator of e.q.(1) (i.e., ignoring the terms that do not affect the choice variables),

one can derive the H’s objective function as follows.

JH(âh, â
∗
h) =

[
− ψ + β

]
âh +

[
− ψ∗ + β

]
â∗h (11)

+ σ
[
u(q(âh))− βn(âh)

]
+ χh

[
u(t(â∗h, â

∗
f ))− βb∗(â∗h, â∗f )

]
Maximization of the above function with respect to (âh, â

∗
h) therefore fully describes the

optimal asset holdings of the H in every period. Conforming with the literature, the inter-

pretation of e.q.(11) is standard. The first line represents the net cost of carrying one unit of

home and foreign assets respectively from today’s CM into tomorrow’s CM. The second and

third line express the expected surplus from carrying the home and foreign assets into the DM

and FIM respectively.

What is worth noting here is that the third line in e.q.(11) depends on the terms t and b∗,

which in turn depend on the the bargaining protocol in the FIM. Given the H’s choice of â∗h
and beliefs on the â∗f , she can end up in different branches of the bargaining solution as shown

in lemma 2 and figure 2. This leads to different functional forms for the JH(âh, â
∗
h) with respect

to the different regions. Lemma 3 presents an auxiliary result that highlights some important

properties of the region-specific JH(âh, â
∗
h).

Lemma 3. Define JHi (âh, â
∗
h), i = 1, · · · , 6 as the H ’s objective function in region i. Then the

partial derivative with respect to the second argument, â∗h in each region can be expressed as

follows.

∂JH1 (âh, â
∗
h)

∂â∗h
=
∂JH3 (âh, â

∗
h)

∂â∗h
=
∂JH5 (âh, â

∗
h)

∂â∗h
= −ψ∗ + β

∂JH2 (âh, â
∗
h)

∂â∗h
=
∂JH4 (âh, â

∗
h)

∂â∗h
= −ψ∗ + β + χhβ

{
u′(t)

c′(t)
− 1

}
∂JH6 (âh, â

∗
h)

∂â∗h
= −ψ∗ + β + χhβ

{
u′(t)

c′(t)

[
(1− σ) + σu′(β(â∗h + â∗f ))

]
− 1

}
Proof. See the appendix

The F ’s objective function should take a simpler form than the H’s since her optimal

choice would not depend upon the H’s choice at all. Following the same steps as in the H’s

case, substitute e.q.(8) into e.q.(6) and lead the emerging expression for ΩF (a∗) by one period
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to get

ΩF (â∗f ) =βâ∗f + σ
[
u(q(â∗f ))− βn(â∗f )

]
(12)

+ βΛF + σ

∫ {
− q(ã∗) + βW F (n(ã∗))

}
dF (ã∗)

This expression can be interpreted in a similar manner to the e.q.(10). Notice here that

unlike the H’s case, the F does not appreciate the liquidity properties of foreign assets within

the FIM trade since the H would exploit the whole surplus from the take-it-or-leave-it offer.

This fact leads to a lot more concise form of the objective function for the F . Plugging e.q.(12)

into e.q.(3) and focusing on the terms inside the maximum operator, one can derive the F ’s

objective function as

JF (â∗f ) =
[
− ψ∗ + β

]
â∗f + σ

[
u(q(â∗f ))− βn(â∗f )

]
(13)

where the first term stands for the cost of carrying foreign assets into the local DM and the

second term captures the expected surplus term as in e.q.(11).

Based on the two objective functions, one can consider equilibrium characteristics of

home and foreign asset prices. As a matter of fact, it would be easy to verify whether the

cost of carrying asset terms in e.q.(11) and (13) are non-negative or not in equilibrium. The

next lemma does this verification by stating important results regarding the sign of the cost

terms in equilibrium.

Lemma 4. In any equilibrium, the following two conditions must hold.

ψ ≥ β and ψ∗ ≥ β

Proof. See appendix

Notice that the β is the so-called fundamental value of the asset in the literature (i.e., the

price that agents would be willing to pay for one unit of the asset if neither FIM nor DMs

existed). The non-negative sign of the cost terms assigns a very intuitive meaning to the ob-

jective functions of agents. Agents wish to bring assets into either of the FIM and DM in order

to facilitate trade. However, they face a trade-off because carrying these assets is not free (i.e.

the first line in e.q.(11) and (13)). This eventually gives rise to the optimal portfolio choice

problem of agents. In what follows, each agent’s optimal portfolio choice problem is rigor-

ously studied.

First, consider theF ’s problem which is easier. The following lemma describes the optimal

portfolio choice of the F taking ψ and ψ∗ as given.

16



JOB MARKET PAPER

Lemma 5. A foreign agent’s optimal choice of foreign asset holdings satisfies the following. If

ψ∗ = β, then the optimal foreign asset holdings of the F should be greater than or equal to ǎ.

On the other hand, if ψ∗ > β, then there exists an unique level of foreign asset holdings, ã∗f such

that ã∗f ∈ (0, ǎ) and

ψ∗ − β = σβ
{
u′(q(ã∗f ))− 1

}
Proof. See appendix

A standard marginal cost-benefit analysis can be applied to interpret the optimal condi-

tion in lemma 5. The F at the optimum must choose to hold the amount of foreign assets

such that the marginal benefit
(

i.e., σβ
{
u′(q(ã∗f ))− 1

})
equals to the marginal cost of holding

additional unit of foreign assets (i.e., ψ∗− β). This optimal condition in turn implies the usual

downward sloping asset demand curve
(

i.e., a negative relationship between ψ∗ and ã∗f
)

due

to u′(·) < 0. For instance, when the cost of carrying foreign assets falls to zero (i.e., ψ∗ = β),

the optimality requires that the F should hold the maximum possible amount of the foreign

asset, ǎ.

TheH’s optimal portfolio choice is nontrivial because her own belief on the F ’s foreign as-

set holdings would critically affect the objective function, JH(âh, â
∗
h) as in lemma 3. Thus, one

ought to build on lemma 3 in order to study the optimal behavior of the H in details. Lemma

6 summarizes the results.

Lemma 6. A home agent’s optimal choice of home asset holdings is simple and satisfies the

following. If ψ = β, then the optimal home asset holdings of the H should be greater than or

equal to ǎ. On the other hand, if ψ > β, then there exists an unique level of home asset holdings,

ã such that ã ∈ (0, ǎ) and

ψ − β = σβ
{
u′(q(ã))− 1

}
Taking ψ∗ given, the H ’s optimal choice of foreign asset holdings (ã∗h) can be categorized into

three different regimes depending on her beliefs on the F ’s foreign asset holdings.15

Belief 1: a∗f > ǎ

If ψ∗ = β, then ã∗h = R++ ≥ c(top)
β

. If ψ∗ > β, then ∃!ã∗h ∈
(

0, c(t
op)
β

)
such that ã∗h = c(t)

β
and

ψ∗ − β = χhβ
{u′(t)
c′(t)
− 1
}

.

Belief 2: ā∗f < a∗f ≤ ǎ

1. If ψ∗ = β, then ã∗h = R++ ≥ à∗h.

2. If β < ψ∗ ≤ ψ∗, then ∃!ã∗h ∈ [ǎ− a∗f , à∗h) such that βã∗h =
{
c(t)− σ[u(q̃)− u(βa∗f ) + q̃− βa∗f ]

}
and ψ∗ − β = χhβ

{
u′(t)
c′(t)
− 1
}

.

15ā∗f , a
∗
h,Min, à

∗
h, t

op and q̃ are defined in lemma 1 and 2.
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3. If ψ∗ < ψ∗, then ∃!ã∗h ∈ (0, ǎ− a∗f ) such that βã∗h = c(t)− σ
[
u(β(a∗f + ã∗h))− u(βa∗f ) + βã∗h

]
and ψ∗ − β = χhβ

{
u′(t)
c′(t)

{
(1− σ) + σu′(βa∗f )

}
− 1
}

.

whereψ∗ is such thatψ∗−β = χhβ
{u′(t)
c′(t)
−1
}

and c(t) = σ
[
u(q̃)−q̃

]
−σ
[
u(q(a∗f ))−q(a∗f )

]
+β(â−a∗f ).

Belief 3: a∗f ≤ ā∗f
If ψ∗ = β, then ã∗h = R++ ≥ a∗h,Min. If ψ∗ > β, then ∃!ã∗h ∈ (0, a∗h,Min) such that βã∗h = c(t) −
σ
[
u(β(a∗f + ã∗h))− u(βa∗f ) + βã∗h

]
and ψ∗ − β = χhβ

{
u′(t)
c′(t)

{
(1− σ) + σu′(βa∗f )

}
− 1
}

.

Proof. See appendix

Technical details of the H’s optimization problem are relegated to appendix. In what fol-

lows, the most important properties of the H’s choice are discussed in an intuitive way. First

of all, her optimal home asset demand is trivial because she would only take the local DM’s

bargaining protocol into consideration. As a matter of fact, it is identical to the F ’s optimal

foreign asset holdings since both H and F face a symmetric market structure in their own

local DMs (i.e., same degree of search frictions and only local assets being used as media of

exchange).

However, theH’s optimal choice for foreign asset holdings would be a little more complex.

Suppose the foreign asset price is at the fundamental level (i.e., ψ∗ = β) for instance. Since

the cost of carrying foreign assets becomes zero, it would not be optimal for the H to be in a

region where her assets would not allow her to afford the optimal quantity of capital goods. In

short, if ψ∗ = β, then the H would never choose a portfolio in the interior of regions 2, 4 or 6

of figure 2.

In contrast, if ψ∗ > β, carrying the asset becomes costly. The optimal choice of the H is

then pinned down by the first-order conditions and, graphically, it lies within regions of ei-

ther 2, 4 or 6 depending on her beliefs upon a∗f . For instance, suppose theH’s belief on the F ’s

holdings of foreign assets happens to be greater than the first best liquidity amount (i.e., ǎ).

In this case, figure 2 confirms that the FOC associated with the region 2 always pins down the

H’s optimal choice of foreign asset holdings.

Interesting case happens when the H believes that a∗f lies in between ā∗f and ǎ. In this

scenario, the relative size of the foreign asset price becomes crucial. When ψ∗ is too high
(

i.e.,

ψ∗ > ψ∗
)

, the cost of carrying asset becomes too burdensome for theH. Thus, she would typi-

cally choose to hold less foreign assets and settles in the interior of region 6 and the associated

FOC determines the optimal level of foreign asset holdings. On the other hand, if the ψ∗ stays

in a rather moderate range
(

i.e., β < ψ∗ < ψ∗
)

, then she would increase the asset holdings to

the extent that the diminished cost of carrying asset is reflected (i.e., she would end up within

the region 4).

To graphically sum up intuition, the foreign asset demand by the H, D∗h is plotted in figure

3 against the price, ψ∗. In this graph, the H’s belief on the level of F ’s asset holdings is kept
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Figure 3: Home Agent’s Foreign Asset Demand given Different Levels of a∗f
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fixed at the values (a∗f )
1, (a∗f )

2 and (a∗f )
3. These values are indicated in the lower panel of figure

3, which replicates figure 2. The vertical alignment of the two plots enables one to find which

regions (in terms of figure 2) theH finds herself in, for any choice of a∗h, given the value of (a∗f )
j ,

j = 1, 2 and 3. In essence, the greater F ’s foreign asset holdings are the more H demands the

asset
(

i.e., (D∗h)
1 > (D∗h)

2 > (D∗h)
3
)

. This is attributed to the fact that the F who holds more

foreign assets becomes less desperate for acquiring the asset during the FIM trade. Thus the

H would have to give up more foreign assets to induce the F to accept the offer in the FIM

bargaining.

Another important feature of the graph is the kinked demand curve for the moderate range

of a∗f
(

i.e., (a∗f )
2
)

. (D∗h)
2 exhibits a kink at a threshold level of ψ∗. To illustrate this property, one

needs to recall the regime switch case (i.e., between region 4 and 6) in the neighborhood of

ψ∗ explained in the previous paragraph. Imagine a case where the foreign asset price steadily

rises from its fundamental value β. Once the ψ∗ pushes the H from the region 4 into 6, she

would deal with more desperate F during the FIM bargaining. This would in turn make her

less sensitive to the change in the foreign asset prices compared to the case in the region 4.

Another way of putting it is that the F ’s willingness to provide more capital goods in exchange

for the same amount of foreign assets would somewhat offset the effects of changes in the

cost of carrying assets. In short, the H’s elasticity of asset demand with respect to ψ∗ should

be lower in the region 6 than 4, consistent with the direction of a kink in (D∗h)
2

4. Equilibrium

4.1. Definition and Existence of Equilibrium

Having established the optimal behavior of the representative agent, the next step is to dis-

cuss a recursive equilibrium of the economy. This paper only focuses on the steady state

equilibrium and study the equilibrium property associated with effects of different degrees

of search frictions in the FIM on equilibrium asset prices and portfolio composition. First, a

steady state equilibrium in this model is defined as follows.

Definition 1. For the two-country economy, a steady state equilibrium is a following list of an

allocation
{
Xi, Li, ah, a

∗
i , i = {h, f}

}
, together with value functions

{
V i,Ωi,W i, i = {H,F}

}
,

a set of prices {ψ, ψ∗}, bilateral terms of trade
{
t(a∗h, a

∗
f ), b

∗(a∗h, a
∗
f )
}

in the FIM, bilateral terms

of trade
{
q(ah), n(ah)

}
in the H ’s local DM, bilateral terms of trade

{
q(a∗f ), n(a∗f )

}
in the F ’s

local DM when F was not matched in the preceding FIM, and bilateral terms of trade
{
q(a∗f +

b∗(a∗h, a
∗
f )), n(a∗f + b∗(a∗h, a

∗
f ))
}

in the F ’s local DM when F was matched in the preceding FIM

such that:

X Given prices, the value functions and decision rules satisfy e.q (1), (3), (5), (6) (7), and (8)
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X Bargaining solutions in the FIM and DMs satisfy lemma 1 and 2

X The set of prices is such that all agents maximize their objective functions, e.q (11) and (13)

X Markets for the two assets clear and expectations are rational (i.e., ah = T and a∗h+a∗f = T ∗).

The definition of equilibrium is straightforward. Notice that the equilibrium quantity of

special goods produced in the F ’s local DM depends on whether the F was matched in the

preceding FIM or not. For instance, a foreign agent who did not get matched in the FIM can

not purchase the first best amount of special goods (i.e., q̃) in her local DM unless she had

brought more than ǎ from the preceding CM. However, if she was matched in the FIM, then

she would be, on some occasions, able to achieve the q̃ regardless of the ex-ante holdings of

foreign assets less than ǎ (i.e., the region 3 or 4). Obviously, on some other occasions when

either her foreign asset holdings fall short of ǎ to a great extent (i.e., the region 5) orH’s foreign

asset holdings are too small (i.e., the region 6), she would not be able to obtain the ǎ even with

the FIM matching. Next, the following lemma guarantees existence of equilibrium and states

the conditions under which the equilibrium is unique.

Lemma 7. If the exogenous foreign asset supply is relatively scarce, more specifically when T ∗ <

ǎ+ c(top)
β

, then a list of steady state equilibrium objects defined in the Definition 1 exists and also

becomes unique. However, when T ∗ ≥ ǎ+ c(top)
β

, an indeterminacy arises in the portfolio choice

of {a∗h, a∗f}while prices {ψ, ψ∗} remain unique.16

Proof. See appendix

Lemma 7 can be explained intuitively with the assistance of figure 2. If T ∗ ≥ ǎ+ c(top)
β

, then

the figure 2 admits that the equilibrium portfolio of {a∗h, a∗f} ought to lie within the region of

1, 2, 3, or 5. Suppose it lies in the interior of region 2. Here the F owns the first best amount

of liquidity for her DM trade and therefore she would not pay anything more than the funda-

mental value of the foreign asset, β. Yet, the H would still like to pay liquidity premium on

the asset to get closer to the top. This would cause a violation of no arbitrage condition for the

foreign asset trade and therefore no equilibrium portfolio can be achieved in this region.

Similar reasoning applies to the region 3 and 5. In these regions, the F lacks liquidity in

reference to the first best choice, ǎ, and therefore must be willing to pay liquidity premium

on the foreign asset. The H, on the other hand, would not value the asset more than its fun-

damental value since she always accomplishes the top in this region. Again, no equilibrium

would exist in these regions.

Lastly, if the equilibrium portfolio, {a∗h, a∗f} stayed in the region 1, every agents would

achieve the first best amount of liquidity for both of the FIM and DM. Hence, the price should

16The irrelevance of T , the home asset supply, for the uniqueness of the equilibrium is obvious. Intuitively,
only home agents purchase home assets and the T does not affect the FIM bargaining protocol at all.
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settle at the fundamental value, β and any combination of {a∗h, a∗f} should satisfy the optimal-

ity. This eventually gives rise to a multiple equilibrium of the economy.

When T ∗ < ǎ+ c(top)
β

, it is understood from figure 2 that the equilibrium portfolio of {a∗h, a∗f}
could potentially lie anywhere except within the region 1. For the same reason described ear-

lier, the region 2, 3, and 5 are easily ruled out, which leaves only the region 4 and 6 as an

equilibrium region. As witnessed again from the figure 2, neither H nor F would find her-

self in the plentiful liquidity situation within the region 4 and 6. The H would always want

more foreign assets to aim for top. Similarly the F ex-ante would like to purchase foreign as-

sets more as well.17 This opens up the possibility of a unique market clearing price ψ∗, which

can be indeed pinned down by the first-order conditions for both H and F . The uniqueness

of this price is simply associated with the well-behaved (i.e. strictly concave) utility functions

of agents. Technical details are left in the appendix. Finally owing to this unique price level

of ψ∗ given T ∗, the rest of equilibrium objects must be unique as well. To assist the intuition

graphically, figure 4 also plots the regions of {a∗h, a∗f} in equilibrium.18

Figure 4: Aggregate Regions of {a∗h, a∗f} in Equilibrium

17Ex-ante here means ‘before the FIM trade’. The fact that foreign agents would make up the liquidity loss ex-
post (i.e., after the FIM trade) does not attenuate the F ’s appreciation for the foreign asset’s liquidity property.
This is simply because the F would have to suffer more labor disutility, required for the asset acquisition during
the FIM bargaining.

18For notational convenience, these regions are referred to as “aggregate regions” as opposed to the “individual
regions” described in figure 2.
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4.2. Characterization of Equilibrium

Given the existence of equilibrium, the next task is to assess to what extent the foreign asset

supply T ∗ affects the various equilibrium objects. Lemma 7 confirms a unique equilibrium

under T ∗ < ǎ + c(top)
β

. This allows one to perform comparative statics analyses. Focusing on

the unique equilibrium case, proposition 1 evaluates the effects of T ∗ changes on equilibrium

prices as well as the equilibrium portfolio of {a∗h, a∗f}.

Proposition 1. The effects of foreign asset supply changes on the equilibrium would differ de-

pending the relative size of the T ∗.

Scenario 1: If ǎ ≤ T ∗ < ǎ+ c(top)
β

, then
X ψ∗ > ψ = β when T ∗ = T : The equilibrium home asset price is at the fundamental value

and yet the foreign asset price exceeds that value under the symmetric asset supply.

X
∂a∗f
∂T ∗

> 0, ∂a∗h
∂T ∗

> 0, ∂t
∂T ∗

> 0: The equilibrium foreign asset holdings by the both country as

well as the FIM trade volume are strictly increasing in the level of foreign asset supply.

X ∂ψ∗

∂T ∗
< 0: The effects of foreign asset supply changes on the equilibrium foreign asset price

are strictly negative.

Scenario 2: If T ∗ < ǎ, then
X ψ∗ > ψ > β when T ∗ = T : Under the symmetric asset supply, both asset prices exceed

the fundamental value and at the same time the foreign asset price is always settled at a

higher level than the home asset price.

X
∂a∗f
∂T ∗

> 0, ∂ψ
∗

∂T ∗
< 0: The equilibrium foreign asset price and foreign asset holdings by the for-

eign country are strictly decreasing and increasing respectively in the level of asset supply.

X ∂a∗h
∂T ∗

Q 0, ∂t
∂T ∗

Q 0: The effects of foreign asset supply changes on the equilibrium foreign

asset holdings by the home country, and the FIM trade volume are ambiguous.

X ∂a∗h
∂T ∗ Scenario 2

<
∂a∗h
∂T ∗ Scenario 1

: Should a positive relationship between T ∗ and a∗h arise then,

the home country’s foreign asset demand is weaker when T ∗ is relatively less abundant.

Proof. See appendix

Proposition 1 reveals that the exogenous foreign asset supply is the driving force of equi-

librium. If the asset is plentiful, in the precise sense that ǎ ≤ T ∗ < ǎ + c(top)
β

, then the unique

equilibrium must be reached within the aggregate region 4 as shown in figure 4. It is already

explained earlier why the foreign asset carries the liquidity premium in this region. Interest-

ingly, under T ∗ = T , the home asset does not exhibit the liquidity premium since theH always

acquires q̃ in this equilibrium region. What is more important is the effect of T ∗ changes on

the equilibrium composition of {a∗h, a∗f}. Given the observation that both H and F would
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desire more liquidity in this region, it is obvious that an increase in T ∗ would push up the

equilibrium a∗h and a∗f simultaneously. This would in turn relieve the liquidity shortage for ev-

ery agents and therefore the new equilibrium price (or liquidity premium) of the foreign asset

should decline.19 Finally the FIM trade volume, t, would increase in this case because other-

wise the optimality for the home agent would imply a decrease in ψ∗ which is a contradiction(
i.e., recall ψ∗ − β = χhβ

{
u′(t)
c′(t)
− 1
}

in region 4 from lemma 3
)

.

The properties of equilibrium responses towards a shift in the foreign asset supply are

richer if the asset is relatively scarce (i.e., T ∗ < ǎ). In this scenario, the equilibrium must be

settled within the region 6 of figure 4. First, if T ∗ = T , then both home and foreign assets carry

liquidity premium. Yet, the fact that the foreign asset exhibits liquidity properties in the FIM

and the foreign country’s local DM simultaneously makes ψ∗ > ψ in equilibrium. Second, an

increase in T ∗ would for sure induce the F to demand foreign assets more. This is intuitive

given the F ’s even more desperation for liquidity in the region 6. As a result of more foreign

asset holdings by the F , her optimality must require lower costs of carrying the foreign asset

and therefore lower ψ∗ in a new equilibrium.

The equilibrium response of a∗h and t would be, however, inconclusive. Yet this ambiguity

can be intuitively understood with an assistance of the liquidity dependent participation con-

straint for the F during the FIM trade. At first, the decline in ψ∗ (i.e., marginal cost of carrying

the foreign asset) would generate an upward pressure for theH’s foreign asset demand. How-

ever, as T ∗ rises, the F ex-ante anticipates a higher amount of liquidity carried from the FIM

to her local DM. This would make the F become less desperate for the foreign asset during

the FIM bargaining. Eventually, less favorable terms of trade (i.e., less liquidity properties of

the foreign asset) for the H in the FIM would come about, and the initial upward pressure for

the a∗h would be somewhat mitigated. The sign of ∆a∗h and ∆t would therefore depend upon

the parameters of the economy in the end.

Nevertheless, it should be clear that the extent to which a∗h increases in response to the rise

in T ∗, if true under some parameter values, must be smaller in the aggregate region 6 than 4.

Again this is attributed to the additional incentive change for the F explained earlier. In fact,

this less degree of positive relationship between T ∗ and a∗h in the aggregate 6 is a mirror image

of the kinked foreign asset demand curve, (D∗h)
2 in figure 3. It illustrates how the H’s demand

exhibits the smaller price elasticity in the region 6 than 4. Since the ψ∗ and T ∗ have a negative

one to one relationship in equilibrium, the less responsiveness of a∗h to T ∗ in the aggregate

region 6 should come as no surprise.

Last but not least, this particular prediction of the proposition 1 has a certain degree of

empirical relevance. According to the prediction, one should observe much stronger foreign

asset demand by the home country and hence a deterioration (improvement) of the foreign

19A recent work by Krishnamurthy and Vissing-Jorgensen (2012) also demonstrates, bond supply does posi-
tively affect bond yields in the case of U.S. T-bill.
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Figure 5: U.S. Debt/GDP versus U.S. and China’s NFA/GDP, 1970-2011

(home) country’s NFA position if the level of foreign asset supply exceeds a certain threshold

level (i.e., ǎ). Figure 5 provides a supporting evidence for this prediction.20 Up until the early

1980s, the U.S. Debt to GDP ratio was managed at a relatively lower level between 30 and

40 percentage. During the same period, the U.S. and China’s NFA position remained stable

and it is hard to see any significantly negative relationship between them. However, an in-

teresting trend started to emerge between the three ratios from the early 1980s when the U.S.

Debt/GDP really began to blow up. The graph clearly illustrates a strongly negative (positive)

relationship between the U.S. Debt/GDP and the NFA/GDP of the U.S. (China), consistent

with the prediction.21 Now, it is ready to state the main results of the paper.

Proposition 2. Under the unique steady state equilibrium, a decline in search frictions within

the FIM generates asset price changes and a portfolio shift in line with a great deal of global

imbalances observed over the last decade.

X ∂a∗h
∂χh

> 0: The equilibrium foreign asset holdings by the home country is strictly increasing

in the degree of financial integration.

X
∂a∗f
∂χh

< 0: The equilibrium foreign asset holdings by the foreign country is strictly decreasing

in the degree of financial integration.

20Updated and extended version of dataset constructed by Lane and Milesi-Ferretti (2007b) is used for the U.S.
and China’s NFA position to GDP ratio

21It is, as a matter of fact, hard to verity if the U.S. Debt/GDP of approximately 40% in the early 80s precisely
corresponds to the threshold level of ǎ in the model. Nevertheless the qualitative aspect of the prediction should
remain valid.
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X ∂ψ∗

∂χh
> 0: An increase in the financial integration pushes up (down) the equilibrium foreign

asset price (foreign interest rates).

X ∂t
∂χh

> 0: The FIM trade volume and the financial integration is positively related.

Proof. See appendix

The most novel results of the paper, discussed in proposition 2 concern the effects of

global financial integration on asset prices and the global portfolio composition. In essence,

the extent to which capital goods trade with home agents through OTC markets is accessible

to foreign agents, is suggested as a key driving force behind the recent upsurge in emerging

markets’ international reserve holdings. The intuition of the results are straightforward. An

increase in χh or a decrease in search frictions in the FIM would first make the probability of

matching in the FIM go higher which would in turn raise the marginal benefit of holding for-

eign assets for the home agent. Yet, the foreign agent would not be able to exploit this benefit

due to her identity in the FIM trade (i.e., a seller). As a result, the global portfolio of {a∗h, a∗f}
should be more biased towards a∗h at a new equilibrium. Since the home country would get

to hold on to more liquidity during the FIM trade, the foreign country should be willing to

produce more of capital goods at the new equilibrium. This would directly cause an increase

in the FIM trade volume.

Finally, the less search friction in the FIM would generate higher liquidity properties of

foreign assets through two channels. For one thing, the higher matching probability would

surely make the liquidity value of foreign assets in the FIM higher. Also the fall in the amount

of a∗f would cause foreign agents to ex-ante appreciate the liquidity property of the asset in

their local DM. To put it differently, with some of their foreign asset holdings taken by the

home country during the CM, foreign agents would ex-ante fear the liquidity loss for the sub-

sequent local DM. In short, the higher χh gets the higher agents appreciate the liquidity prop-

erty of foreign assets in both FIM and the foreign country’s local DM. This would eventually

reduce (raise) the foreign asset’s yield (price) at the new equilibrium.

5. Predictions of the Model and Empirical Evidence

This section explores the predictions of proposition 2 that are supported in the data. The

main prediction of proposition 2 is clear: an increase in financial integration makes the liq-

uidity property of foreign assets higher in the FIM trade. In consequence, the relative share of

the T ∗ by the home country would increase, which would in turn boost the amount of foreign

investment inflows, especially through OTC markets. In short, the level of foreign asset stocks

held by the home country and the OTC-channeled foreign investment inflows must be posi-

tively linked according to proposition 2.
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The goal of this section is to show empirically that this prediction holds true with real data.

To that end, a panel regression analysis is performed. Before discussing the particular form of

the regression equation and the various estimation methods, the next section describes the

data and the construction of important variables.

5.1. Data

As a benchmark regression equation, a specification proposed in Obstfeld, Shambaugh, and

Taylor (2010) is adopted. In all of the empirical equations, the dependent variable is the ratio

of official international reserves to gross domestic product (GDP) for emerging economies,

and the data is collected from updated and extended versions of the dataset constructed by

Lane and Milesi-Ferretti (2007b) (LMF).22 The dependent variable is supposed to correspond

to the country size augmented by foreign asset holdings for the home country in the model.

This premise can be justified on the grounds that emerging markets’ foreign asset stocks are

mostly owned by the official sector (i.e., central banks).

Obstfeld, Shambaugh, and Taylor (2010) include a measure of financial openness as an

important regressor in order to support their financial stability model. Since financial open-

ness also drives the home country’s foreign asset holdings in this model, a financial openness

measure is included in the regression specification as well. Almost all the other regressors

chosen by Obstfeld, Shambaugh, and Taylor (2010), for example, the size of domestic finan-

cial liabilities (i.e., M2/GDP) and the trade-to-GDP ratio, are also included for the purpose of

comparison with previous empirical studies. Table 1 summarizes these rather conventional

explanatory variables used in the estimation.

Apart from these conventional regressors, one crucial independent variable namely, for-

eign (private) investment inflowsis added.23 This variable is relatively new in the literature,

and the motivation for including this variable comes strictly out of this model where an en-

dogenous link between the foreign capital inflows and reserve holdings is a key distinctive

feature. Therefore, one must take utmost care in estimating this particular variable from data.

However, searching for data that matches the concept of t (i.e., the amount of foreign capital

transacted through OTC markets) exactly would be a difficult task. In terms of balance of pay-

ments (BOP) accounting, the t in the model could be approximated to a change in privately

held capital stocks by non-residents who operate under decentralized markets.

Given this accounting definition, most difficulties lie in how to partition foreign private

investment inflows into those associated with either OTC or centralized trading. However,

22Neither sovereign wealth funds nor official gold holdings are included in the reserve measure.
23Public debt-to-GDP data for each country is also included as a regressor in order to reflect the T (i.e., total

supply of asset). However, the model predicts that the home country’s asset supply does not affect the foreign
asset holding equilibrium of the home country. Data for the public debt-to-GDP ratio is hence collected from
IMF s Historical Public Debt Database.
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two possible ways can be devised. The first and more preferable measure for the t is to use a

proxy variable. For instance, aggregate hedge fund inflows into each emerging country’s OTC

market and/or the aggregate private equity fund raised in each emerging market are good ex-

amples of bilateral international investment activities with search frictions.24 However, a data

excess problem precludes this study from taking this approach.

Thus, alternative measures have to be considered. Essentially one has to find a way to in-

directly extract the bilaterally transacted investment inflows out of total private investment

inflows. Luckily, data provided by the Emerging Portfolio Fund Research (EPFR) Global allows

for the use of this method. EPFR provides weekly and monthly data on portfolio equity coun-

try flows since 1997. What is crucial is that the information in the EPFR data covers portfolio

equity flows only from institutional investors and does not include flows from hedge funds,

proprietary trading desks of foreign brokers and investment banks, foreign insurance com-

panies investing their excess cash, or wealthy individuals.25 Since these particular types of

inflows (i.e., those not captured by the EPFR data) are likely to be transacted in a bilateral

trading fashion, one can determine OTC-channeled foreign investment inflows by subtract-

ing the EPFR data from the total portfolio equity inflows reported in the BOP statistics.26

Furthermore, one can also utilize the errors and omissions item from the BOP statistics

when constructing bilaterally traded foreign investment inflows. In principle, this item ac-

counts for the discrepancy between debit and credit entries in the BOP. More importantly, it

has been widely used as a proxy variable for concealed and unrecorded private capital flows

(i.e., the net of any concealed or unrecorded private capital inflows) in the capital flight lit-

erature.27 Since most capital flows through centralized market clearing systems are officially

recorded in the BOP, it is not implausible to assume that the item implicitly represents foreign

investment inflows transacted through decentralized markets.

Based on these presumptions, the measure for the bilaterally traded foreign investment

inflows is calculated as

X Foreign investment inflows through decentralized trading (DCF) = A + (B-C)

(i): A = Net errors and omissions from IFS’s BOP statistics

(ii): B = Annual change in portfolio equity liabilities from LMF

24A few online databases, for example Hedge Fund Research (HFR), TASS, and the Center for International Se-
curities and Derivatives Markets (CISDM), are expected to provide such hedge fund inflow data. For the private
equity data, the Emerging Market Private Equity Association (EMPEA) provides one of the most comprehensive
datasets.

25For more information on EPFR data coverage, access its website: http://www.epfr.com/.
26Notice here that only one particular type of private investment inflows (i.e., portfolio equity inflows) is con-

sidered. Another important type is undoubtedly FDI inflows. However, no segregated data on FDI in terms of
trading characteristics was available, so this study had to exclude FDI in the measurement of OTC-channeled
foreign investment inflows.

27Early literature on capital flight (Cuddington (1986) and Dooley (1987), for example) constitutes an early at-
tempt to empirically justify the explicit use of errors and omissions in the analysis of concealed and unrecorded
private capital flows.
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(iii): C = The sum of monthly gross portfolio equity inflows from EPFR28

A baseline estimation in this study employs the DCF above with an unbalanced panel for 53

emerging market countries from 1997 to 2007. Moreover, this study only focuses on emerging

markets with substantial amount of reserve holdings. Sample countries are listed in Table 3.

For robustness check later, three alternative measures for foreign (private) investment in-

flows are devised. Focusing on short-term speculative capital flows, the first alternative is so-

called “hot money” measures from the capital flight literature. Following Cuddington (1986)’s

standard methodology for the hot money, the first alternative measure is defined as29

X Hot money inflows (HM) = A + B + C + D + E30

(i): A = Net errors and omissions from IFS’s BOP statistics

(ii): B = Annual change in portfolio equity liabilities from LMF

(iii): C = Annual change in portfolio debt liabilities from LMF

(iv): D = Annual change in financial derivative liabilities from LMF

(v): E = Other short term capital, other sectors from IFS’s BOP statistics

The second alternative measure is simply foreign direct investment (FDI) country inflows

collected from LMF. FDI inflows characteristically differ from HM on the ground that FDI

is usually locked up under rather long-term contracts. Moreover, aggregate FDI inflows do

not necessarily constitute OTC-channeled investment flows. The last alternative one is EPFR

portfolio country inflow data (or centralized capital flows, CCF). In direct contrast to DCF,

this last alternative is meant to be a proxy variable for foreign investment inflows through a

centralized market clearing mechanism.

5.2. Empirical Specification

Throughout the empirical section of the paper, a panel regression analysis is conducted based

on the following specific equation.

yi,t = λ · yi,t−1 +X ′i,tβ + ηi + εi,t (14)

where yi,t is the ratio of official international reserve to GDP, and yi,t−1 is its lagged variable.

Xi,t represents the set of explanatory variables including the various measures for the foreign

(private) investment inflows described in the preceding section. ηi captures unobserved time

28The summation is for each year, and gross inflows refer to changes in the portfolio liabilities of residents.
29This hot money measure allows us to use more of the dataset covering 1980 to 2007.
30While most other hot money measures rely on net flows (i.e. difference between assets and liabilities from

the BOP) in order to consider both capital out-flight and in-flight, I only focus here on the liability side so that
investment activities by only non-residents are considered.
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invariant country-specific effects. This regression equation also includes time dummies to

control for the common effect of specific years such as global financial crisis. εi,t is the error

term which is assumed to be serially uncorrelated. The subscripts i and t represent country

and time period respectively. The data set has a feature of panel structure consisting of 484

annual observations clustered by 53 countries from 1997 to 2007.

Empirically, it is widely observed that the reserve to GDP ratio has high degree of auto-

correlation with its lagged variable for many countries. In the presence of a highly autocor-

related dependent variable, Arellano and Bond (1991) assert that allowing for dynamics (i.e.,

a lagged dependent variable among regressors) in the panel estimation may be crucial for

recovering consistent estimates of other parameters. This provides a crucial reason why the

lagged dependent variable yi,t−1 is included as one of the regressors in the e.q(14). This dy-

namic panel approach is relatively new compared to other studies in the literature and also

provides some interesting estimation results later.31 Various estimation methods can then be

used for this equation.

First, the pooled OLS is implemented, but the drawback is that it cannot consider country-

level heterogeneity (i.e., ηi) that causes a potential bias because yi,t−1 is correlated with ηi.

Accordingly, the fixed effects (FE henceforth) estimation can be implemented to control for

country-level heterogeneity. The FE estimation, in general, draws consistent estimators by

controlling for the country-specific unobserved components. However, FE estimators are bi-

ased in the case of a lagged dependent variable among regressors. This is because the yi,t−1

becomes still correlated to error terms in the differenced regression of the ‘within’ model (i.e.,

Nickell (1981) bias). Therefore the FE and OLS estimators both face an endogeneity problem.

To fix these problems, the Arellano and Bond (1991) type correction is employed next. The

first difference of e.q(14) will eliminate the country-specific effects ηi and generate the follow-

ing equation.

yi,t − yi,t−1 = λ(yi,t−1 − yi,t−2) + (Xi,t −Xi,t−1)′β + (εi,t − εi,t−1) (15)

Instruments are needed in order to control for the endogeneity (i.e., correlation between

(yi,t−1 − yi,t−2) and (εi,t − εi,t−1) in e.q(15)). Arellano and Bond (1991)’s methodology speci-

fies that lags of the dependent variable and the first-differences of other regressors can be

used as instruments, Z ′i,t =
[
yi,t−2, yi,t−3, · · · ,∆X ′i,t

]
. In addition, the common assumption in

dynamic panel estimation that all explanatory variables are strictly exogenous (i.e. they are

uncorrelated with the error term ε at all leads and lags) needs to be relaxed. To this end, a weak

31Obstfeld, Shambaugh, and Taylor (2010) for instance do take the autocorrelation seriously by clustering the
standard errors by country to allow for heteroskedasticity across countries and an unstructured serial correlation
in the error term within countries. However, their methods are only limited to OLS estimator and do not control
possible endogeneity problems discussed in Difference-GMM and System-GMM estimation methods later.
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exogeneity assumption for explanatory variables are adopted.32 This allows for the possibility

of simultaneity between the dependent variable and explanatory variables such as the DCF,

consistent with the model.

Then, the GMM method can be used to estimate this differenced system based on the mo-

ment conditions. It is often referred to as the Difference-GMM. However, Alonso-Borrego and

Arellano (1996) and Blundell and Bond (1998) also point that the Difference-GMM estimator

cannot take the cross-country variation into account, and the lagged levels of the regressors

might be weak instruments for the first-differences if the regressors are persistent over time.

Particularly, they show through Monte Carlo experiments that the weakness of the instru-

ments can produce biased coefficients in small samples.

To avoid this potential bias and imprecision, Arellano and Bover (1995) proposed the System-

GMM estimator that combines the regression (15) in differences with the regression (14) in

levels. In the equation (14), variables in levels are instrumented with suitable lags of their

own first-differences. The assumption needed is that these differences are uncorrelated with

the unobserved country fixed effects and error terms.33

The consistency of the GMM estimator depends on whether lagged values of the explana-

tory variables are valid instruments. Thus, the over-identification restriction test (i.e., Hansen

(1982) test) is conducted. The failure to reject the null hypothesis gives support for the valid

instruments. Lastly, for the consistency of the GMM, it is necessary to check that the error

term ε is not serially correlated. If the original error term εi,t has no serial correlation, the dif-

ferenced error terms at order 1, ∆εi,t and ∆εi,t−1, are expected to have serial correlation. As a

result, it is expected that the differenced error terms at order 2, ∆εi,t and ∆εi,t−2, have no serial

autocorrelation. On this account, test results for the first and second order autocorrelation in

the differenced error terms are also reported.

5.3. Basic Results

This section starts with estimating the e.q(14) with DCF as a measure for the “foreign private

investment inflows”. Five different estimation methods (i.e. OLS, FE, FE with lagged depen-

dent variables, Difference-GMM, and System GMM estimators) are implemented. The results

32When the set of explanatory variables (X) are weakly exogenous, the following moment conditions hold

E
[
yi,t−k(εi,t − εi,t−1)

]
=0 for k ≥ 2, t = 3, · · · , T

E
[
Xi,t−k(εi,t − εi,t−1)

]
=0 for k ≥ 2, t = 3, · · · , T

33The moment conditions of (14) are therefore

E
[
(yi,t−1 − yi,t−2)(ηi + εi,t)

]
= 0

E
[
(Xi,t−1 −Xi,t−2)(ηi + εi,t)

]
= 0
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are reported in columns (1) to (5) in Table 4.

Basic results from OLS are broadly consistent with previous studies. Countries that trade

more tend to hold more reserves. Also the size of financial market measured by M2/GDP turns

out to be a significant predictor for the level of a country’s reserves as is the case in Obstfeld,

Shambaugh, and Taylor (2010). Interestingly, financial openness measures do not appear to

matter. This is particularly believed to stem from a time trend in Chinn and Ito (2008)’s fi-

nancial openness index. Since the latter is highly sensitive to regime switching capital control

policy, the time trend of such index rather shows a stepwise increase. Thus, the weak linkage

between financial openness and reserve levels found in the results is hardly surprising and

does not necessarily contradict the model.

Switching to the FE estimation method, variables such as Trade/GDP and M2/GDP now

turn out to be statistically insignificant, indicating a potential omitted variable bias caused

by country fixed effects.34 Moreover, as explained earlier, pooled OLS and fixed effect estima-

tion may be biased due to a possible correlation between the lagged dependent variable and

error terms. This, therefore, leads one to focus on the results with the Difference-GMM and

System-GMM estimators.

The Difference-GMM in column (4) of Table 4 corrects possible errors of estimating dy-

namic fixed effects model. As expected, the lagged reserve to GDP is significantly positive at

the 1 % critical level. Table 4 also reports specification tests of first and second order auto-

regression (AR) of first differences in error terms. The null hypothesis of no first-order AR

in differences in the error terms is rejected, while the second-order AR hypothesis is not. It

means that the error terms in the specification are independent as assumed earlier. Table 4

displays not only the Hansen test but also the number of instruments in line with Roodman

(2009). Too large instrument collection in both GMM methods overfits endogenous variables

and weakens the Hansen test of the instruments’ joint validity.35 So the collaps method of

Roodman (2009) is applied and the lag range of instruments in the Hansen test is restricted

to avoid the problem of instrument proliferations. The Hansen test in the Table 4 also implies

that the null hypothesis that instruments are valid can not be rejected.

The Difference-GMM results show some interesting implications on the conventional de-

terminants of foreign-exchange reserves. First, a significantly positive coefficient on the DCF

suggests that the liquidity-based model of this paper should be a good predictor of emerging

economy’s reserve hoarding behavior. As a matter of fact, figure 7 also illustrates how easily

the positive link between the DCF and the reserve levels can be detected even with naked eyes

34Obstfeld, Shambaugh, and Taylor (2010) also report FE results and found Trade/GDP and M2/GDP still re-
main significant. However, their sample included all the advanced countries whereas the country sample in this
study only includes a selective group of emerging economies. This may signal the weakness of their financial
stability model in the context of emerging economies.

35Bowsher (2002) argues that instrument proliferation vitiates the Hansen (1982)’s test of over-identification.
The Hansen test implausibly returns a perfect p-value of 1.
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for major reserves holding countries.36 Furthermore, it is shown that controlling for potential

endogeneity problems discredits conventional reserve determinants such as Trade/GDP and

M2/GDP ratio. In addition, the income and population size of a country turn out to be nega-

tively correlated with reserve to GDP, which is somewhat at odds with conventional wisdom.

However it might be the case that these results are caused by weak instrument problems re-

lated to the highly persistent regressors over time (i.e. Trade/GDP, population, and GDP per

capita etc.). In order to fix these potential drawbacks, one can finally move on to the System-

GMM estimator.

The System-GMM results are reported in column (5). As is the case in the Difference-

GMM, AR specification tests as well as Hansen (1982)’s over identification test are performed

to confirm the appropriateness of instruments and model specification. Test results in col-

umn (5) support the validity of the System-GMM estimates. As conjectured, population, GDP

per capita, and trade to GDP ratio all turn into statistically insignificant regressors after con-

trolling for the weak instrument problems. In fact, only two independent variables remain

valid. These are the DCF and exchange rate volatility which both turn out to be positively

correlated with reserve holdings. A positive impact of the DCF on reserve accumulation is not

surprising as it is already detected even with the Difference-GMM. A positive influence that

exchange rate volatility has on reserves also makes sense since emerging economies normally

vulnerable to external shocks would voluntarily accumulate reserves as a primary measure to

lean against a high degree of exchange rate fluctuation.

Lastly, for comparison purpose, the DCF is omitted from the specification. The results are

shown in column (6) and (7) for the two different GMM estimation methods. From the value

of R-squared in the System-GMM, the message is clear. A model based on liquidity motives

should be a better predictor of reserve holdings than one ignoring those factors. To sum up,

the basic results here reinforces the model’s claim that the liquidity property of official re-

serves especially in OTC international investment markets should be treated as a key driving

force behind the recent upsurge of global imbalances.

5.4. Robustness Check

This section subjects the estimation to various alternative measures for foreign investment in-

flows to check robustness of the DCF measure. To that end, the equation 15 is estimated, em-

ploying the three different measures-HM, FDI, and CCF from the data section-for foreign in-

vestment inflows. Table 5, 6, and 7 report the results with only Difference-GMM and System-

GMM estimators.

First and most important thing to notice is that coefficients on the FDI and the CCF be-

36Figure 7 actually compares the reserves/GDP to the equity inflows through OTC trading which is a major
part of the DCF variable (i.e., the (B-C) part of the DCF defined earlier).

33



JOB MARKET PAPER

come insignificant as shown in Table 6 and 7. This result again provides strong empirical

support to the liquidity mechanism of the model. Unlike the FDI and CCF, the HM appears to

have a positive correlation with the reserve to GDP ratio as shown in Table 5 although the co-

efficient under the System-GMM becomes statistically insignificant. Several interpretations

could follow from this observation.

It is clear that not all hot money investments penetrate into emerging economies through

decentralized trade channels. Definition of hot money measures in the data section reveals

this clearly. In fact, only the “errors and omissions” part intersects with what constitutes the

DCF. Thus, it may well be the case that the positive correlation between the HM and the re-

serves largely emanates from that intersection part. The reduced significance level also raises

doubts about the short-term foreign investment inflows as a genuine bellwether of reserve

accumulation. To finally dismiss the effect of the HM, a horse race between all the different

measures for the foreign investment inflows is performed. This exercise would allow one to

see the magnitude of the contribution of each relative to the other. Table 8 does indeed con-

firm the DCF as a sole and statistically significant driver for the country’s reserve hoarding

behavior.

Lastly, coefficients on the Debt/GDP deserve some discussion. Conventional wisdom in

the literature is that emerging economies with larger debt may hold larger amount of reserves

as a precautionary measure against possible currency attacks. In fact, the causality might as

well run reversely. A country with a larger amount of reserves may opt for the issuance of

sterilization bonds to fight inflation. In any case, the positive effect of the debt to GDP ratio

on the level of reserves are expected. On the contrary, this paper insists neutrality of domestic

asset supply simply because the home asset (i.e., emerging market debt) does not serve any

liquidity role in the FIM. Empirical results at first seem to provide counter evidence on the

model (i.e., Table 5 and 6). Yet, controlling for the DCF, the positive link between the debt

level and reserve hoarding decisions breaks (i.e., Table 4).37 Thus further scrutiny would be

also necessary particularly on this issue in future research.

5.5. Out-of-Sample Prediction

This section focuses on model fit and quantitative significance associated with the out-of-

sample prediction. Two models-the baseline System-GMM model with the DCF (column (5)

of the Table 4), and a financial stability model proposed by Obstfeld, Shambaugh, and Taylor

(2010)-are estimated on data from 1997 to 2001. The estimates are then used to make fore-

37Obstfeld, Shambaugh, and Taylor (2010) also find more foreign currency liabilities do not necessarily lead a
country to hold more reserves and therefore provide another example of ambiguous relationship between public
debt and reserves.
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casts of reserves to GDP ratio in subsequent years up to 2007.38 The actual reserve to GDP is

graphed against the out-of-sample prediction results of the two models.

Figure 8 compares the out-of-sample prediction results of the two models for a selection

of eight most important reserve holders in the sample. Several intriguing points are worth

noting. First off, reserve accumulation by these countries over the last decade seems in no

way inexplicable at least in the System-GMM specification with the DCF. For instance, actual

reserves to GDP ratio for countries like Korea, India and Brazil follow very close to what the

System-GMM specification would have predicted. Interestingly, Hong-Kong and Singapore

who had been usually identified as extremely excessive reserve holders by many studies (e.g.,

Jeanne and Ranciere (2011) and Obstfeld, Shambaugh, and Taylor (2010)) even turn out to be

undersavers according to this model’s specification. Chinese and Russian reserve accumu-

lation still seem excessive even from this model’s specification standpoint. Yet, as Obstfeld,

Shambaugh, and Taylor (2010) suggest, there might be several other reasons for reserve de-

mand in the case of world’s largest reserve holder, China.39

This model’s specification seems to outperform the financial stability model in terms of

the out-of-sample forecasting. This better prediction is not just about the predicted magni-

tude of the reserves to GDP ratio at 2007. In fact, even with naked eye one could see that the

degree to which this model’s prediction co-moves together with the actual ratio is higher than

its counterpart.40

6. Concluding Remarks

Markets from which developing countries need to acquire foreign capital have been increas-

ingly characterized by OTC features. This paper demonstrates that this trend is a key to un-

derstanding emerging economies’ extraordinary reserve accumulation over the last decade.

Since these decentralized markets lack perfect credit and commitment, a facilitator of trade

(i.e., a liquid asset) is required. Typically, U.S. T-bills have served this role, either through col-

lateral or buffer stocks against the repatriation of foreign capital. Declining search frictions

in these markets thus enhance assets’ liquidity property, which induces developing counties

in need of sustained foreign investment to require U.S. T-bills relatively more. As a result,

the amount of emerging economies’ U.S. T-bill holdings is on the rise in equilibrium. Fur-

38Explanatory variables used in Obstfeld, Shambaugh, and Taylor (2010)’s out-of-sample forecasting include
advanced country dummies. To facilitate a comparison between the Obstfeld, Shambaugh, and Taylor (2010)’s
and this model’s, the advanced country dummies are replaced with individual country fixed effects for the fi-
nancial stability model’s out-of-sample prediction.

39China may need a lot more international reserves to recapitalize domestic banks. Furthermore, the high
level of non-performing loans by Chinese banks may require large holdings of reserves.

40One can actually conduct a regression of actual reserves/GDP on the predicted ratio and compare the R-
squared for the two models. It would be surprising to see the lower R-squared for this model specification.

35



JOB MARKET PAPER

thermore, the sustained increase in U.S. T-bill’s liquidity attribute leads to a higher liquidity

premium on these assets, thereby causing low real U.S. interest rates.

Indeed, the empirical results of this paper lend quite strong support for this liquidity-

based story. Interestingly, some important policy implications can be drawn from these em-

pirical results. In line with some recent studies, such as Obstfeld, Shambaugh, and Taylor

(2010), this study yields a similar conclusion with respect to major emerging economies’ cur-

rent reserve adequacy. Their current reserve holdings appear to be neither excessive nor inex-

plicable based on the empirical estimates of this study. In short, the findings in this study call

for a more prudent liquidity-based approach to the reserve adequacy criteria that are carefully

gauged against the amount of bilateral foreign investment transactions through OTC markets.

Before concluding, one final remark needs to be emphasized. While this paper chooses to

explain the basic mechanism underlying the recent upsurge in emerging economies’ foreign

exchange reserve holdings from a simple liquidity point of view, it should be apparent from

many preceding studies that there are multiple channels through which massive demand for

reserve assets could come about. In fact, as Lagos (2011) argues, shocks to risk premiums on

the U.S. T-bills could easily translate into an aggregate liquidity premium to the extent that

these assets serve as a source of liquidity. Thus, while they may appear to be different on the

surface, conventional explanations and new liquidity-based theory might be often equiva-

lent. In this regard, one should view this paper’s alternative explanation as complementary to

existing studies rather than competing. I hope that the liquidity mechanism proposed here

can enrich the dimension of research in this field. In particular, it would be interesting to ex-

tend this study towards an analysis of the future of global imbalances, especially in light of the

changing status of the U.S. dollar as a world reserve currency.
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Appendix

Proof of Lemma 2.
Unlike the usual bargaining solutions in the literature, the participation constraint for the F

during this bargaining also depends on how much foreign assets in reference to the first best

choice of R in the subsequent DM (i.e., ǎ) that F has brought up. I consider three possible

scenarios regarding the amount of F ’s foreign asset holdings.

Scenario 1: a∗f ≥ ǎ

In this scenario, the bargaining problem simplifies to:

max
{t,b∗}

{
u(t)− βb∗

}
s.t. 1. c(t) ≤ βb∗

2. b∗ ≤ a∗h

Solution for this problem is standard and straightforward.

If a∗h ≥
c(top)

β
then

t = top

b∗ = c(top)
β

If a∗h ≤
c(top)

β
then

t =
{
t : βa∗h = c(t)

}
b∗ = a∗h

So given the assumption of a∗f ≥ ǎ, the above two solutions correspond to the region 1 and 2.

Scenario 2: ǎ− b∗ ≤ a∗f ≤ ǎ

In this scenario, the F would get the first best liquidity choice for the subsequent DM (i.e., ǎ)

only after the bargaining. Hence, the bargaining problem is described by:

max
{t,b∗}

{
u(t)− βb∗

}
s.t. 1. c(t) ≤ βb∗ + σ

[
u(q̃)− q̃

]
− σ

[
u(q(a∗f ))− βn(a∗f )

]
2. b∗ ≤ a∗h

First order conditions for this problem follows as:

t : u′(t) = λ1c
′(t) (16)

b∗ : −β + λ1β − λ2 = 0 (17)
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where λ1 and λ2 are the associated lagrange multipliers for the above two constraints. Let us

consider two possible cases.

When λ2 = 0

If we let λ2 = 0 then b∗ < a∗h must hold. Since a∗f + b∗ ≥ ǎ by assumption in this scenario, the

e.q.(16) ensures λ1 = 1 ⇒ t = top. Moreover, the first constraint in the bargaining problem

(i.e., the participation constraint) also becomes binding due to λ1 = 1. Hence,

c(top) = βb∗ + σ
[
u(q̃)− q̃

]
− σ

[
u(q(a∗f ))− βn(a∗f )

]
(18)

It is understood that the maximum value of b∗ must equal to c(top)
β

since e.q.(18) implies b∗ ∝ a∗f
and max{a∗f} = ǎ by the assumption. We also need to make sure that these solutions satisfy

conditions imposed in this scenario. First, in order to ensure b∗ < a∗b stemming from λ2 = 0,

one needs the following condition based on e.q.(18).

c(top)− σ
[
u(q̃)− q̃

]
+ σ
[
u(q(a∗f ))− βn(a∗f )

]
< βa∗h (19)

On top of that, one would also need to verify b∗ ≥ ǎ−a∗f imposed by the scenario 2 assumption

which gives out:

c(top)− σ
[
u(q̃)− q̃

]
+ σ
[
u(q(a∗f ))− βn(a∗f )

]
≥ β(ǎ− a∗f ) (20)

Equations (19) and (20) hold if a∗h + a∗f > ǎ which therefore needs to be imposed. Next, a∗f
must be bounded from below due to the following reason. Combining the e.q.(19) and (20)

generates;

σ
[
u(βa∗f )− βa∗f

]
+ βa∗f ≥ βǎ+ σ

[
u(q̌)− q̌

]
− c(top) (21)

This e.q.(21) confirms that ∃ā∗f such that

σ
[
u(βa∗f )− βa∗f

]
+ βa∗f = βǎ+ σ

[
u(q̌)− q̌

]
− c(top) (22)

Note here the condition a∗h + a∗f > ǎ imposed above is redundant as long as e.q.(19) holds and

a∗f > ā∗f since the LHS of inequality e.q.(19) is increasing in a∗f while ǎ − a∗f falls with a∗f . It is

also important to notice that the relative size of cost of producing capital goods during the FIM

critically determines the sign of ā∗f . If c(top) turns out to be greater than βǎ+σ
[
u(q̌)− q̌

]
−c(top)

then it is obvious that ā∗f must be a negative value otherwise ā∗f becomes positive. Hence, the

bargaining solution depends on the set of parameter space for
{
c(top), u(q̃),and, ǎ

}
For now,

let us restrict ourselves to the case, c(top) < βǎ+ σ
[
u(q̃)− q̃

]
and consider the other case later.
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Finally, in order for ā∗f to be less than ǎ, one would have to bound c(top) from below such that

σ
[
u(βǎ)− βǎ

]
+ βǎ > βǎ+ σ

[
u(q̌)− q̌

]
− c(top) (23)

c(top) > σ
[
u(q̌)− q̌

]
− σ

[
u(βǎ)− βǎ

]
> 0

To sum up, for the solution to be t = top and b∗ < a∗h such that e.q.(18) holds;

1. ā∗f ≤ a∗f ≤ ǎ

2. a∗h ≥
c(top)−σ

[
u(q̃)−u(βa∗f )+q̃−βa∗f

]
β

which corresponds to the region 3 solution.

When λ2 > 0

If we let λ2 > 0 then b∗ = a∗h must hold. Since a∗f + b∗ ≥ ǎ by assumption in this scenario,

a∗f + a∗h ≥ ǎ and the e.q.(16) ensures λ1 > 1 ⇒ t < top. Moreover, the first constraint in the

bargaining problem (i.e., the participation constraint) also becomes binding due to λ1 > 1.

Hence the solution for t must satisfy:

c(t) = βa∗h + σ
[
u(q̃)− q̃

]
− σ

[
u(q(a∗f ))− q(a∗f )

]
(24)

c(top) > βa∗h + σ
[
u(q̃)− q̃

]
− σ

[
u(q(a∗f ))− q(a∗f )

]
a∗h ≤

c(top)− σ
[
u(q̃)− u(βa∗f ) + q̃ − βa∗f

]
β

Furthermore, combining e.q.(24) with a∗h ≥ ǎ− a∗f yields:

c(t)− σ
[
u(q̃)− q̃

]
+ σ
[
u(q(a∗f ))− q(a∗f )

]
≥ β(ǎ− a∗f ) (25)

σ
[
u(βa∗f )− βa∗f

]
+ βa∗f ≥ βǎ+ σ

[
u(q̌)− q̌

]
− c(t)

From e.q.(22) and (25), it is understood that a∗f > ā∗f in this case 2 as well. Thus for the solution

to be b∗ = a∗h and t < top such that e.q.(24) holds;

1. ā∗f ≤ a∗f ≤ ǎ

2. a∗h + a∗f ≥ ǎ

3. a∗h ≤
c(top)−σ

[
u(q̃)−u(βa∗f )+q̃−βa∗f

]
β

which corresponds to the region 4.

Scenario 3: a∗f + b∗ ≤ ǎ

In this scenario, the F would never get the first best liquidity choice for the subsequent DM
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(i.e., ǎ) even after the bargaining. Hence, the bargaining problem is described by:

max
{t,b∗}

{
u(t)− βb∗

}
s.t. 1. c(t) ≤ βb∗ + σ

[
u(q(a∗f + b∗))− βn(a∗f + b∗)

]
− σ

[
u(q(a∗f ))− βn(a∗f )

]
2. b∗ ≤ a∗h

First order conditions for this problem follows as:

t :u′(t) = λ1c
′(t) (26)

b∗ :− β + λ1

[
β + σu′(q(a∗f + b∗))β − σβ

]
− λ2 = 0 (27)

where λ1 and λ2 are associated Lagrange multipliers for the above two constraints. Let us

consider two possible cases.

When λ2 = 0

If we let λ2 = 0 then the second constraint becomes slack and therefore b∗ < a∗h. Also from

e.q.(27) it is obvious that λ1 < 1 ⇒ t > top. Again the first constraint binds due to positive

value of λ1 and therefore the following must hold.

c(t) = βb∗ + σ
[
u(q(a∗f + b∗))− βn(a∗f + b∗)

]
− σ

[
u(q(a∗f ))− βn(a∗f )

]
> c(top) (28)

As before, we again need to make sure that these solutions satisfy conditions imposed in this

scenario. First, in order to ensure b∗ < a∗b stemming from λ2 = 0, one needs the following

condition based on e.q.(28).

c(t)− σ
[
u(q(a∗f + b∗))− βn(a∗f + b∗)

]
+ σ
[
u(q(a∗f ))− βn(a∗f )

]
< βa∗h (29)

c(t)− σ
[
u(q(a∗f + b∗))− u(q(a∗f ))

]
+ σβb∗ < βa∗h

On top of that, one would also need to verify b∗ ≤ ǎ−a∗f imposed by the scenario 3 assumption

which gives out:

c(t)− σ
[
u(q(a∗f + b∗))− βn(a∗f + b∗)

]
+ σ
[
u(q(a∗f ))− βn(a∗f )

]
< β(ǎ− a∗f ) (30)

σu(βa∗f ) + (1− σ)βa∗f < βǎ+ σ
[
u(q(a∗f + b∗))− q(a∗f + b∗)

]
− c(t) (31)

Now the question is whether a∗h + a∗f < ǎ or not. From e.q.(28), it is easy to see that

σu(q(a∗f )) = (1− σ)βb∗ + σu(q(a∗f + b∗))− c(t) (32)

which confirms that {b∗, t} is not uniquely determined and yet positively related (i.e., b∗ ∝ t).

This in turn ensures that a∗h must be bounded from below for the following reason. Due to
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b∗ ∝ t, c(t) > c(top) and e.q.(32), minimum value for b∗, b∗m is such that

c(top) = σ
[
u(q(a∗f + b∗m))− u(q(a∗f ))

]
+ (1− σ)βb∗m (33)

By the implicit function theorem, e.q.(33) confirms ∂b∗m
∂a∗f

> 0

∂b∗m
∂a∗f

= −
∂G
∂a∗f
→ 	

∂G
∂b∗m
→ ⊕

> 0

where G(b∗m, a
∗
f ) = σ

[
u(q(a∗f + b∗m))− u(q(a∗f ))

]
+ (1− σ)βb∗m − c(top) and

∂G

∂a∗f
= σβ

[
u′(q(a∗f + b∗m))− u′(q(a∗f ))

]
< 0 due to the concavity assumption of u(·)

∂G

∂b∗m
= σβ

[
u′(q(a∗f + b∗m))− 1

]
+ βb∗ > 0 due to a∗f + b∗ < ǎ

Thus min{a∗h} (i.e., a∗h,Min) must be an increasing function of a∗f . In addition, when a∗f = 0 the

a∗h,Min must satisfy the following.

c(top) = σu(q(a∗h,Min)) + (1− σ)βb∗ (34)

Since we earlier restricted the parameter space into Case 1 such that c(top) < σ
[
u(q̃)− q̃

]
+ βǎ,

one can easily verify that a∗h,Min ≡ ã∗n < ǎ. Lastly we need to verify that when a∗f = ā∗f , a∗h,Min is

such that a∗h,Min + a∗f = ǎ so that the feasible domain for a∗f in this scenario must be bounded

from above (i.e., ā∗f ). This can be done easily by comparing e.q.(33) and (18). Considering the

knife-edge case between region 3 and this region, e.q.(18) and (33) respectively gives out

c(top)− σu(q̃) + σu(βā∗f ) + σβa∗h = βa∗h (35)

c(top)− σu(q(ā∗f + b∗m)) + σu(βā∗f ) + σβb∗m = βb∗m (36)

These two equations become identical when b∗m = a∗h and therefore a∗h,Min + a∗f = ǎ must

hold at this knife-edge case of a∗f = ā∗f . To sum up, for the indeterminate combination of

(t, b∗) =
{

(t, b∗) : t > top, b∗ < a∗h, b
∗ < ǎ− a∗f , c(t) = (1− σ)βb∗ + σ

[
u(β(a∗f + b∗)− u(βa∗f )

]}
to be

the solution, the following restrictions on a∗h and a∗f must hold true.

1. a∗h ≥ a∗h,Min

2. a∗f ≤ ā∗f

which corresponds to region 5.
When λ2 > 0

If we let λ2 > 0 then b∗ = a∗h must hold. Moreover, the first constraint in the bargaining

problem (i.e., the participation constraint) also becomes binding due to λ1 > 0. Hence the
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solution for t must satisfy:

c(t) = (1− σ)βa∗h + σ
[
u(q(a∗f + a∗h))− u(q(a∗f ))

]
(37)

Now the question is whether t here is bigger or less than top. As a matter of fact, it can be easily

shown that c(t) < c(top) in this case. First, the comparison between e.q.(37) and (33) confirm

that c(t) ≤ c(top) if a∗f ≤ ā∗f . Second, if a∗f ≥ ā∗f and a∗f + a∗h < ǎ then e.q.(37) tells us that the

max of c(t) (i.e., c(tmax)) occurs at the point where a∗f = ā∗f and a∗h = ǎ − ā∗f due to again the

concavity assumption on u(·). Thus plugging a∗f = ā∗f and a∗h = ǎ− ā∗f into e.q.(37) would yield

the condition for c(tmax) as:

c(tmax) = (1− σ)β(ǎ− ā∗f ) + σ
[
u(q̃)− u(q(ā∗f ))

]
(38)

= (1− σ)βa∗h + σ
[
u(ã)− u(q(ā∗f ))

]
which is same as e.q.(35). This completes the proof that c(t) regardless of a∗f domain becomes

bounded from above, c(top) in this case. To sum up, for the b∗ = a∗h and t such that e.q.(37)

holds to be the solution, the following condition should be met.

1. a∗h ≤ a∗h,Min

2. a∗f ≤ ǎ− a∗h

which corresponds to region 6.

Lastly, let us consider the parameter space such that βǎ + σ
[
u(q̃) − q̃

]
≤ c(top). When

c(top) < βǎ + σ
[
u(q̃) − q̃

]
, ā∗f becomes negative. This essentially eliminates the indeterminate

solution region 5. The reason for this disappearance is quite intuitive. Recall the incentive

compatibility condition for the F in the FIM bargaining problem. The F ’s liquidity evaluation

of foreign assets (i.e., σ
[
u(q(a∗f + b∗)) − βn(a∗f + b∗)

]
− σ

[
u(q(a∗f )) − βn(a∗f )

]
) even when the

her initial foreign asset holdings are zero should reach an upper bound. Once the disutility

of producing top (i.e., c(top)) exceeds this boundary, the F would never be willing to produce

more than top and the terms of trade would never settle at the point where t > top even if a∗f
falls into zero as shown in figure 6. All the other specifics regarding the remaining regions stay

same. The following summarizes and graphically illustrates the bargaining solution under

this new parameter space.

If

a∗h ≥
c(top)
β

a∗f ≥ ǎ
then

t = top

b∗ = c(top)
β

⇒ Region 1

If

a∗h ≤
c(top)
β

a∗f ≥ ǎ
then

t =
{
t : βa∗h = c(t)

}
b∗ = a∗h

⇒ Region 2
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If

a∗h ≥
c(top)−σ

[
u(q̃)−u(βa∗f )+q̃−βa∗f

]
β

a∗f ≤ ǎ
then

t = top

b∗ =
c(top)−σ

[
u(q̃)−u(βa∗f )+q̃−βa∗f

]
β

⇒ Region 3

If

a∗h ≤
c(top)−σ

[
u(q̃)−u(βa∗f )+q̃−βa∗f

]
β

ǎ− a∗h ≤ a∗f ≤ ǎ
then


t =

{
t : c(t) = βa∗h

+σ
[
u(q̃)− u(βa∗f )− q̃ + βa∗f

]}
b∗ = a∗h

⇒ Region 4

If a∗f + a∗h ≤ ǎ then


t =

{
t : c(t) = βa∗h + σ

[
u(β(a∗f + a∗h))− u(βa∗f )

]
−σ
[
β(a∗f + a∗h)− βa∗f

]}
b∗ = a∗h

⇒ Region 6

This completes the proof. Q.E.D

Figure 6: Regions of the FIM Bargaining Solution
(
βǎ+ σ

[
u(q̃)− q̃

]
≤ c(top)

)

Proof of Lemma 3.
From the Case 1 in lemma 2, it is easy to check that the terms of trade in the FIM (i.e. t and b∗) in

regions 1,3, and 5 have nothing to do with â∗h. Thus the third line e.q.(11) basically becomes a

constant term. This makes the first derivative of JH with respect to â∗h simply equal to−ψ∗+β.

On the contrary, theH would experience the liquidity shortage in region 2,4, and 6. Therefore

she would have to give up all of her foreign asset holdings in the bargaining. This would

in turn bring about the â∗h dependent bargaining solution for the t as well. Thus the partial
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derivatives in these regions should take a form as:

∂JHi (âh, â
∗
h)

∂â∗h
= −ψ∗ + β + χhβ

{
u′(t(·))∂t(·)

∂â∗h
− β∂b

∗(·)
∂â∗h

}
i = 2, 4, 6

∂b∗(·)
∂â∗h

= 1 since b∗ = a∗h for all regions of 2,4, and 6 while applying the Implicit Function Theo-

rem to the FIM bargaining protocol described in Case 1 of lemma 2 indicates:

∂t(·)
∂â∗h

=

− −βc′(t)
if i = 2, 4

−−β−σu
′(β(a∗f+a∗h))β+σβ

c′(t)
if i = 6

This completes the proof. Q.E.D

Proof of Lemma 4.
The budget constraint of the centralized market implies that the H can exploit more labor

units in period t by dLht and get either ψt+1dB
h
t+1 units of home bonds or ψ∗t+1dR

h
t+1 units of

foreign reserves. In the next period the H can therefore decrease the amount labor units ex-

ploited by dLht+1 = dBh
t+1 or dRh

t+1. The net utility gain of doing this strategy is

dUht = −dLht + βdLht+1 =− dBh
t+1

[
ψt+1 − β

]
=− dRh

t+1

[
ψ∗t+1 − β

]
So, either of β > ψt+1 or β > ψ∗t+1 implies that dUt > 0 which would in turn cause for infinite

labor demand every period. Therefore in any any equilibrium β ≤ ψ and β ≤ ψ∗. This can

be applied to the F exactly in the same way. By the similar budget constraint of the F in

the centralized market, F can also exploit more labor units in period t by dLft and get dRf
t+1

units of foreign assets. In the next period the F can therefore decrease the amount labor units

exploited by dLft+1 = dRf
t+1. The net utility gain of doing this strategy is

dUft = −dLft + βdLft+1 = −dRf
t+1

[
ψ∗t+1 − β

]
Again, this confirms that in any any equilibrium β ≤ ψ∗. Q.E.D

Proof of Lemma 5.
Consider the case where â∗f > ǎ. It becomes obvious from lemma (1) that the terms of trade in

the F ’s local DM are fixed regardless of the amount of foreign assets F chooses to hold. Hence

by taking the first order condition of e.q.(13) with respect to â∗, we obtain

JFâ∗(â
∗) = −ψ∗ + β ≤ 0

where the weak inequality sign comes from lemma (4). From this one can easily verify that the

optimal choice of foreign asset holdings for the F can neither be same as or exceed ǎ unless
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ψ∗ = β. We now consider the second case where â∗f ≤ ǎ. Again following from the bargaining

solution in lemma (1) we have a FOC as:

JFâ∗(â
∗) = −ψ∗ + β + σβ

{
u′(q(a∗f ))− 1

}
This justifies the optimality condition in lemma 5. For the uniqueness of ã∗f , we need following

observations. Given the strict concavity assumption of agent’s utility function, it is easy to

understand the second derivative of the F ’s objective function with respect to â∗ is strictly

negative (i.e. JFâ∗â∗(â
∗) < 0 for all â∗ ∈ (0, ǎ]). Furthermore, one can also easily show that the

following two conditions must hold in the limit.

lim
â∗→0

JFâ∗(â
∗) > 0

lim
â∗→ǎ−

JFâ∗(â
∗) ≤ 0

Combining all these results above, we can finally conclude that the optimal choice of ã∗f is

unique and it satisfies ã∗f ∈ (0, ǎ) when ψ∗ < β. On the other hand, if ψ∗ happens to be same

as β then the F ’s optimal foreign asset holdings could be either same as ǎ or anything bigger

than that. Q.E.D

Proof of Lemma 6.
With regard to the optimal home asset holdings (i.e. ã), one can refer to the proof of lemma

5 since the exactly same line of reasoning applies. From lemma 2 and 3, one can infer the

parameter space of (ψ∗, a∗f ) that is consistent with the optimal choice of ã∗h in each of the six

regions.

Region 1: First, from lemma 3, the optimality (i.e., FOC) requires that ψ∗ = β. Second, lemma

2 restricts ã∗h to be greater than or equal to c(top)
β

.

Region 2: The optimality condition based on lemma 3 asks ψ∗ − β = χhβ
{
u′(t)
c′(t)
− 1
}

. Since the

lemma 2 implies t < top in this region, the optimality should be consistent with ψ∗ > β.

Region 3: The optimal condition based on lemma 3 implies ψ∗ = β. At the same time, lemma

2 pins down the ã∗h such that ã∗h = R++ ≥ c(top)
β
− σ
[
u(q̃)−u(βa∗f )+q̃−βa∗f

]
β

.

Region 4: Lemma 2 restricts ã∗h to be less than c(top)
β

and hence implies t < top. At the same

time, the optimality from lemma 3 requires ψ∗ − β = χhβ
{
u′(t)
c′(t)
− 1

}
. Combining the two

results, it is obvious that the optimality should be consistent with ψ∗ > β. Nevertheless, the

upper bound of ψ∗ (i.e., ψ∗) that is consistent with the optimality should exist. This condition

is attributed to the fact that the lemma 2 also bounds ã∗h from below (i.e., ǎ − a∗f ). If ψ∗ grows

too big, the optimal amount of ã∗h defined in lemma 2 may fall below ǎ−a∗f . In order to prevent

this, ψ∗ should be such that it satisfies the optimality (i.e., ψ∗− β = χhβ
{
u′(t)
c′(t)
− 1
}

) given t that

guarantees the minimum value of ã∗h (i.e., c(t) = σ
[
u(q̃)− q̃

]
− σ

[
u(q(a∗f ))− q(a∗f )

]
+ β(â− a∗f ))

To the right side of ā∗f in Region 6: Similar to the region 4 case, lemma 2 restricts ã∗h such that
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t < top. Given the optimal condition of ψ∗−β = χhβ
{u′(t)
c′(t)

{
(1−σ)+σu′(βa∗f )

}
−1
}

from lemma

3, the optimality should imply ψ∗ > β. However, the region 4 case showed that the foreign

asset price range of β < ψ∗ < ψ∗ should lead to the ã∗h, which dominates the one implied by

the optimality in this region. For this reason, only ψ∗ > ψ∗ is compatible with the optimal

choice in this region.

Region 5: From lemma 3, the optimality requires that ψ∗ = β. Moreover, lemma 2 restricts ã∗h
to be greater than or equal to a∗h,Min.

To the left side of ā∗f in Region 6: The optimality condition based on lemma 3 asks ψ∗ − β =

χhβ
{u′(t)
c′(t)

{
(1 − σ) + σu′(βa∗f )

}
− 1

}
. Since the lemma 2 implies t < top in this region, the

optimality should be consistent with ψ∗ > β.

Rearranging the results above should suffice to explain theH’s optimal choice of foreign asset

holdings. This completes the proof. Q.E.D

Proof of Lemma 7.

When T is plentiful: T ≥ ǎ+ c(top)
β

Figure 2 confirms that the region 1, 2, 3, and 5 could be all potentially possible equilibrium

region. It is obvious from lemma 6 that ψ = β if the equilibrium happens to occur in either of

these regions.

(i): Now suppose the equilibrium {a∗h, a∗f} lies in the region 2. Then the lemma 5 tells a∗f >

ǎ must be consistent with ψ∗ = β. Yet, ∂JH
2 (âh,â

∗
h)

∂â∗h
from the lemma 3 implies that t =

top which is a contradiction to lemma 2. Thus the region 2 can not be the equilibrium

region.

(ii): Suppose the equilibrium lies in either of the region 3 or 5. Then the lemma 5 tells that

ψ∗ > β but again from ∂JH
3 (âh,â

∗
h)

∂â∗h
or ∂JH

3 (âh,â
∗
h)

∂â∗h
from the lemma 3 indicates that only ψ∗ = β

must be the H’s optimality consistent price. Hence, the region 3 can not be the equilib-

rium region either.

(iii): Suppose the equilibrium lies in the region 1. Then the lemma 5 implies ψ∗ = β. At the

same time, ∂J
H
1 (âh,â

∗
h)

∂â∗h
from the lemma 3 also confirms that ψ∗ = β is consistent with the

H’s optimality. Hence, the equilibrium can be achieved in this regions subject to:

1. a∗h ≥
c(top)
β

2. a∗f ≥ ǎ

3. a∗h + a∗f = T

As long as any combination of {a∗h, a∗f}meets the above three conditions, the equilibrium

can be achieved and therefore the indeterminacy arises in this case.

When T lies within a moderate range: ǎ ≤ T < ǎ+ c(top)
β

It is understood that the region 2, 3, and 5 can not be the equilibrium region for the same
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reason in the case of T ≥ ǎ + c(top)
β

. This only leaves us with the region 4 as the only feasible

equilibrium region. Indeed the lemma 5 and 6 restrict the foreign asset price to be greater

than the fundamental value in this region. Specifically, the two optimal conditions at the

market clearing situation are:

ψ∗ − β = σβ
[
u′(βa∗f )− 1

]
(39)

ψ∗ − β = χhβ

[
u′(t)

c′(t)
− 1

]
(40)

where c(t) = β(T−a∗f ) + σ
[
u(q̃)− u(βa∗f )− q̃ + βa∗f

]
From e.q(39) and (40) the following must be satisfied in equilibrium as well.

χh
σ

=
u′(βa∗f )− 1
u′(t)
c′(t)
− 1

(41)

Finally let us prove if ∃!a∗f ∈ (ā∗f , ǎ). By rearranging e.q(41), one can define G(a∗f ) as:

G(a∗f ) ≡ σ
{
u′(βa∗f )− 1

}
−χh

{
u′(t)

c′(t)
− 1

}
= 0 (42)

where c(t) = β(T − a∗f ) + σ
[
u(q̃)− u(βa∗f )− q̃ + βa∗f

]
(43)

First, by taking the G(a∗f ) to the limit the following must hold.

lim
a∗f→ā

∗
f
+
G(a∗f ) =σ

{
u′(βā∗f )− 1

}
− χh

{
u′(top)

c′(top)
− 1

}
(44)

=⊕−0 > 0

lim
a∗f→ǎ−

G(a∗f ) =σ
{
u′(βǎ)− 1

}
− χh

{
u′(t)

c′(t)
− 1

}
(45)

=0−⊕ < 0

where the second term in e.q(45) becomes a negative value since the t in the region 4 happens

to be less than top according to the lemma 2.

G′(a∗f ) =σβ u′′(βa∗f )︸ ︷︷ ︸
	

(46)

− χh
{
u′′(t)︸ ︷︷ ︸
	

∂t

∂a∗f︸︷︷︸
	

c′(t)−1 − u′c′(t)−2 c′′(t)︸︷︷︸
⊕

∂t

∂a∗f︸︷︷︸
	

}
< 0

Finally, all is left to guarantee the uniqueness of equilibrium a∗f is to show that G′(a∗f ) < 0 as

shown in e.q. 46 where ∂t
∂a∗f

= − (1−σ)β+σu′(βa∗f )

c′(t)
< 0 from the e.q(43). This proves G′(a∗f ) < 0 and
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therefore the uniqueness of the equilibrium in the region 4 is established.

When T is scarce: T ≤ ǎ

Potentially the equilibrium a∗h, a
∗
f can be in either region 5 and 6. Again It is obvious that the

region 5 can not be the equilibrium region for the same reason in the previous two cases. This

only leaves us with the region 6 as the only feasible equilibrium region. Indeed the lemma 5

and 6 restrict the foreign asset price to be greater than the fundamental value in this region.

Specifically, the two optimal conditions at the market clearing situation are:

ψ∗ − β = σβ
[
u′(βa∗f )− 1

]
(47)

ψ∗ − β = χhβ

[
u′(t)

c′(t)

{
(1− σ) + σu′(βT )

}
− 1

]
(48)

where c(t) =β(T − a∗f ) + σ
[
u(βT )− u(βa∗f ) + β(T − a∗f )

]
From e.q(47) and (48) the following must be satisfied in equilibrium as well.

χh
σ

=
u′(βa∗f )− 1

u′(t)
c′(t)

{
(1− σ) + σu′(βT )

}
− 1

(49)

Finally let us prove if ∃!a∗f ∈ (0, ǎ). By rearranging e.q(49), one can define Z(a∗f ) as:

Z(a∗f ) ≡ σ
{
u′(βa∗f )− 1

}
−χh

{
u′(t)

c′(t)

{
(1− σ) + σu′(βT )

}
− 1

}
= 0 (50)

where c(t) = β(T − a∗f ) + σ
[
u(βT )− u(βa∗f ) + β(T − a∗f )

]
(51)

First, by taking the Z(a∗f ) to the limit the following must hold.

lim
a∗f→0+

Z(a∗f ) =σ
{
u′(β0)− 1

}
− χh

{
u′(t)

c′(t)

{
(1− σ) + σu′(βT )

}
− 1

}
(52)

=∞−⊕ > 0

lim
a∗f→ǎ−

Z(a∗f ) =σ
{
u′(q̃)− 1

}
− χh

{
u′(t)

c′(t)

{
(1− σ) + σu′(βT )

}
− 1

}
(53)

=0−⊕ < 0

where the second term in e.q(53) becomes a negative value since the t in the region 6 happens

to be less than top according to the lemma 2. Finally all is left to guarantee the uniqueness of

equilibrium a∗f is to show that Z ′(a∗f ) < 0. By taking the first derivative of Z(a∗f ) function with
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respect to a∗f , the following equation must hold true.

Z ′(a∗f ) =σβ u′′(βa∗f )︸ ︷︷ ︸
	

(54)

− χh
{

(1− σ) + σu′(βT )
}︸ ︷︷ ︸

⊕

{
u′′(t)︸ ︷︷ ︸
	

∂t

∂a∗f︸︷︷︸
	

c′(t)−1 − u′c′(t)−2 c′′(t)︸︷︷︸
⊕

∂t

∂a∗f︸︷︷︸
	

}
< 0

where u′(βT ) ≤ u′(q̃) = 1 and ∂t
∂a∗f

= − (1−σ)β+σu′(βa∗f )

c′(t)
< 0 from the e.q(51). This proves Z ′(a∗f ) <

0 and therefore the uniqueness of the equilibrium in the region 4 is established. Q.E.D.

Proof of Proposition 1.

When ǎ < T ≤ ǎ+ c(top)
β

It is obvious that the home country would on aggregate hold on to home assets exceeding

the first best amount ǎ. Then from the lemma 6, ψ = β must hold in equilibrium. Since the

proof for the lemma 7 confirms ψ∗ > β for the case ǎ < T ≤ ǎ + c(top)
β

, it should be easy to see

ψ∗ > ψ. For the comparative statics, now recall the e.q(39) and (40). Instead of performing the

total differentiation to the optimal conditions, one can simply conduct a thought experiment

using the e.q.(39) and (40). Starting with an equilibrium situation, suppose T all of sudden

increases. Then by e.q.(39), ψ∗ must remain unchanged and also by e.q(40) t must remain

same. But by the c(t) function in e.q(40), t must also go up which is a contradiction. Now let

us suppose a∗f falls and a∗h rises. Then by e.q(39) ψ∗ must increase which in turn imply a fall

in t by the e.q(40). Yet the c(t) function in e.q(40) again forces t to increase, which contradicts

the fall in t by the e.q(40). Therefore these thought experiments leaves us with nothing but
∂a∗f
∂T

> 0 and ∂ψ∗

∂T
< 0. Having the effects of ∆T on ψ∗ and a∗f established, one can further

pursue the same experiments with the a∗h and t. Since ∂ψ∗

∂T
< 0 for sure, the e.q(40) also makes

t rise in response to the increase in T . Consequently, the increase in t and the c(t) function in

the e.q(40) also forces a∗h to go up in equilibrium as T goes up. To sum up, it must be also true

that in equilibrium ∂a∗h
∂T

> 0 and ∂t
∂T

> 0.

When T < ǎ

it is easily understood why both ψ∗ and ψ exceed the β in equilibrium. For the ψ∗ > ψ in

equilibrium, one could simply recall the e.q(47) and the optimal condition for the home asset

holdings by the home agent in the lemma 6 as:

ψ − β = σβ
{
u′(βT )− 1

}
ψ∗ − β = σ

{
u′(β(T − a∗h))− 1

}
Since βT > β(T − a∗h) when a∗h ∈ (0, T ), ψ∗ > ψ must hold in equilibrium. For the comparative

statics, the exactly same kind of experiments in the preceding case could be conducted. Recall

the e.q(47) and (48). Let us imagine a situation where T rises from the initial steady state.
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Suppose ∆a∗f = 0 and a∗h goes up in response. The by the e.q(47), ∂ψ∗

∂T
= 0 ad by the e.q(48),

∂t
∂T

< 0. But these would mean in accordance with the c(t) function in the e.q(48) that a∗h must

fall which is a contradiction. Now suppose a∗f goes up and a∗h decreases instead. Then by

the same cost function, t must increase and at the same time ψ∗ should fall. However by the

e.q(47) the ψ∗ must rise so again the contradiction arises. Hence
∂a∗f
∂T

> 0 and ∂ψ∗

∂T
< 0 must be

true just like the preceding example. Nevertheless the effects of ∆T on the t and a∗h are this

time ambiguous. The e.q(48) reveals that given the increase in T the rise in a∗f and the fall in

ψ∗ can not guarantee the signs of ∂a
∗
h

∂T
and ∂t

∂T
. Basically this has been caused by the effect of the

terms inside the square bracket in the RHS of e.q(48) (i.e., (1− σ) + σu′(βT )) which generates

additional downward pressure for the expected surplus from carrying the asset in the case of

rising T . Therefore without this term, this thought experiment would have resulted in exactly

same results as the preceding case especially the ∂a∗h
∂T

> 0 and ∂t
∂T

> 0. But since this term

is present the upward pressure for the a∗h would be somewhat mitigated. Depending on the

parameter values, the precise effect would vary. At least though it is obvious that the positive

effect of T changes on the a∗h in this scarce T case is smaller than the one in the less scarce

case of ǎ < T ≤ ǎ+ c(top)
β

. Q.E.D

Proof of Proposition 2.
An easy proof could be done by a similar thought experiment as in proposition 1. Recall the

e.q(47) and (48). Suppose χh increases and as a result ψ∗ remains same and t goes up. Then by

the cost function in e.q(48), it must be true that a∗h rises while a∗f falls. But then since a∗f falls

the e.q(47) implies an increase in ψ∗ which is a contradiction. Now suppose t remains same

while ψ∗ increases but this generates an immediate contradiction from the e.q(48). Next sup-

pose the t falls down and ψ∗ increases instead. But again from the cost function, a∗h must

decrease which would automatically imply an increase in the level of a∗f by the market clear-

ing condition. This combined with the e.q(47) would simply mean a fall in the equilibrium

level of ψ∗ which is again a contradiction. Lastly now suppose χh increases along with t and

ψ∗. Then since t goes up it is easily understood that a∗h increases while a∗f falls from the cost

function. Again since a∗f falls the e.q(47) implies an increase in ψ∗ which is consistent with the

assumption. This completes the proof. Q.E.D
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Table 1: Definitions and Sources for the Conventional Regressors

Regressors Definitions Sources

(log) Population the log of population
World Development
Indicator (WDI)

(log) GDP per person
the log of GDP per capita at PPP
exchange rates in current inter-
national dollar

WDI

Trade/GDP (Export+Import)/GDP WDI

Exchange rate volatility
annual standard deviation of
monthly exchange rate changes

International Finan-
cial Statistics (IFS),
IMF

(log) Terms of Trade
the log of the terms of trade in
goods and services

World Economic Out-
look (WEO), IMF

Financial Openness Chinn-Ito index Chinn and Ito (2008)

M2/GDP M2 to GDP ratio
WDI and the OECD
economic outlook

Peg a pegged exchange rate dummy
Shambaugh (2004)
and Obstfeld et al.
(2010)

Soft peg a soft-peg exchange rate dummy
Shambaugh (2004)
and Obstfeld et al.
(2010)

Currency crisis a lagged currency crisis dummy
Laeven and Valencia
(2012)
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Table 2: Summary Statistics

Variables Observations Mean Std. Dev

Lagged reserve to GDP 485 0.196 0.165

DCF 485 0.012 0.072

(log) Population 485 16.884 1.688

(log) GDP per capita 485 8.871 0.851

Trade/GDP 484 0.957 0.689

Exchange rate volatility 485 0.02 0.035

(log) Terms of trade 485 4.6204 0.143

Financial openness 485 0.582 1.418

Peg 485 0.330 0.471

Soft peg 485 0.247 0.432

M2/GDP 485 0.562 0.404

Debt/GDP 485 0.483 0.309

Currency crisis 485 0.0289 0.1676
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Table 3: Countries Included in the Sample

East and Central Asia
Bangladesh Korea
China Malaysia
Sri Lanka Pakistan
Hong Kong Philippines
India Singapore
Indonesia Thailand
Kazakhstan Vietnam

Oil-producing countries
Bahrain
Jordan
Lebanon
Oman
Saudi Arabia
Egypt

Latin America
Argentina Jamaica
Bolivia Mexico
Brazil Nicaragua
Chile Panama
Colombia Peru
Costa Rica Trinidad and Tobago
Dominican Republic Uruguay
El Salvador Venezuela
Guatemala

East Europe
Bulgaria Hungary
Russia Lithuania
Ukraine Croatia
Czech Republic Slovenia
Slovak Republic Bosnia and Herzegovina
Estonia Poland
Latvia Romania
Macedonia Moldova
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Table 4: Foreign Investment Inflows through Decentralized Markets and Reserves/GDP

Dependent Variable: Reserve to GDP

Estimation Methods

(1) (2) (3) (4) (5) (6) (7)

OLS FE
FE w/lagged Difference- System- Difference- System-

variable GMM GMM GMM GMM

Lagged Reserve to GDP 0.6923*** 0.5525*** 0.8885*** 0.2326 0.8290***
(0.0466) (0.1324) (0.0840) (0.1658) (0.1080)

DCF 0.068 0.0051 0.0742* 0.0803** 0.0987**
(0.158) (0.071) (0.0420) (0.0381) (0.0490)

(log) Population 0.009 0.05 0.0173 -0.3676** -0.0049 -0.1830* 0.0000
(0.009) (0.153) (0.0718) (0.1625) (0.0043) (0.0957) (0.0041)

(log) GDP per Capita 0.034** 0.201** 0.0633 -0.1842** 0.0084 -0.0903 0.0056
(0.015) (0.076) (0.0407) (0.0909) (0.0128) (0.0716) (0.0106)

Trade/GDP 0.144*** 0.048 0.0075 -0.0912* -0.0226 0.0046 0.0158
(0.04) (0.034) (0.0253) (0.0478) (0.0277) (0.0707) (0.0257)

FOREX Volatility -0.241 -0.021 0.1331* 0.1648 0.2064** 0.0872 0.1455*
(0.145) (0.077) (0.0669) (0.1149) (0.0991) (0.0657) (0.0747)

Terms of Trade 0.032 –0.021 0.0031 0.0014 0.0155 -0.0078 0.0023
(0.045) (0.038) (0.0217) (0.0314) (0.0201) (0.0303) (0.0168)

Financial Openness -0.001 -0.009 -0.0051* 0.0002 -0.0032* 0.0011 -0.0025
(0.007) (0.006) (0.0029) (0.0067) (0.0018) (0.0040) (0.0019)

M2/GDP 0.122*** 0.067 0.0414 0.1065 0.0486 0.1073 0.0359
(0.039) (0.058) (0.0381) (0.0907) (0.0349) (0.0928) (0.0329)

Debt/GDP 0.083** 0.007 -0.0027 -0.0076 0.0032 -0.0217 0.0081
(0.039) (0.044) (0.0252) (0.0413) (0.0195) (0.0346) (0.0155)

Peg -0.03 0.017 0.0053 0.0192* 0.0068 0.0213** 0.0022
(0.021) (0.022) (0.0077) (0.0112) (0.0064) (0.0098) (0.0056)

Soft Peg -0.0001 0.012 0.0056 0.0088* 0.0086* 0.0061 0.0046
(0.009) (0.009) (0.0059) (0.0046) (0.0050) (0.0047) (0.0048)

Currency Crisis (t− 1) -0.033* 0.014 0.0128 0.0030 0.0065 0.0057 0.0035
(0.019) (0.013) (0.0126) (0.0154) (0.0161) (0.0097) (0.0127)

Test for AR(1) in first · · · · · · · · · 0.005 0.000 0.149 0.000
differences (p-value)
Test for AR(2) in first · · · · · · · · · 0.750 0.906 0.551 0.422
differences (p-value)
Hasen Test (p-value) · · · · · · · · · 0.350 0.784 0.212 0.361
Year Dummy Yes Yes Yes Yes Yes Yes Yes
Observations 484 484 484 417 484 472 484
Number of Countries 53 53 53 53 53 53 53
R-squared or Corr(y, y)2 0.787 0.943 0.968 0.160 0.941 0.119 0.893
Robust standard errors are in parentheses. Year dummies are included but not reported
* significant at 10%; ** significant at 5%; ***significant at 1%
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Table 5: Robustness Check: Hot Money Measures (Cuddington Method)

Dependent Variable: Reserve to GDP

Estimation Methods
Difference-GMM System-GMM

(4) (5)

Lagged Reserve to GDP 0.726*** 0.775***
(0.227) (0.092)

Hot Money Inflows 0.084* 0.048
(0.049) (0.035)

(log) Population -0.155** 0.001
(0.088) (0.005)

(log) GDP per Capita -0.152** 0.013
(0.058) (0.012)

Trade/GDP -0.057 0.005
(0.047) (0.038)

Exchange Rate Volatility -0.015** -0.015*
(0.007) (0.009)

(log) Terms of Trade 0.038* 0.019*
(0.021) (0.009)

Financial Openness (Chinn-Ito) -0.003 0.001
(0.003) (0.003)

M2/GDP 0.048 0.053
(0.070) (0.043)

Debt/GDP 0.016*** 0.013***
(0.002) (0.001)

Peg 0.004 -0.002
(0.005) (0.005)

Soft Peg -0.003 -0.001
(0.004) (0.004)

Currency Crisis 0.0026 0.0045
(0.0135) (0.0162)

Test for AR(1) in first differences (p-value) 0.003 0.000
Test for AR(2) in first differences (p-value) 0.614 0.219
Number of instruments 48 64
Hansen Test (p-value) 0.348 0.849
Year Dummy Yes Yes
Observations 951 1027
Number of Countries 53 53
R-squared or Corr(y, ŷ)2 0.166 0.827
Robust standard errors are in parenthesis. Year dummies are included but not reported.
* significant at 10%; ** significant at 5%; ***significant at 1%
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Table 6: Robustness Check: FDI Inflows

Dependent Variable: Reserve to GDP

Estimation Methods
Difference-GMM System-GMM

(4) (5)

Lagged Reserve to GDP 0.524*** 0.821***
(0.181) (0.055)

FDI Inflows 0.069 0.002
(0.083) (0.021)

(log) Population -0.138** 0.003
(0.078) (0.003)

(log) GDP per Capita -0.084** 0.007
(0.043) (0.006)

Trade/GDP -0.103*** 0.027
(0.028) (0.027)

Exchange Rate Volatility -0.011 -0.017*
(0.007) (0.010)

(log) Terms of Trade 0.020 0.016* *
(0.015) (0.007)

Financial Openness (Chinn-Ito) 0.01 -0.002
(0.003) (0.002)

M2/GDP 0.0425 0.025
(0.065) (0.022)

Debt/GDP 0.014*** 0.012***
(0.001) (0.001)

Peg 0.003 -0.002
(0.006) (0.003)

Soft Peg -0.003 -0.002
(0.003) (0.004)

Currency Crisis 0.004 0.004
(0.007) (0.007)

Test for AR(1) in first differences (p-value) 0.005 0.000
Test for AR(2) in first differences (p-value) 0.156 0.121
Number of instruments 57 64
Hansen Test (p-value) 0.401 0.952
Year Dummy Yes Yes
Observations 969 1044
Number of Countries 53 53
R-squared or Corr(y, ŷ)2 0.19 0.93
Robust standard errors are in parenthesis. Year dummies are included but not reported.
* significant at 10%; ** significant at 5%; ***significant at 1%
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Table 7: Robustness Check: Foreign Investment Inflows Through Centralized Markets

Dependent Variable: Reserve to GDP

Estimation Methods
Difference-GMM System-GMM

(4) (5)

Lagged Reserve to GDP 0.385* 0.871***
(0.197) (0.078)

CCF -0.488 0.393
(1.742) (1.059)

(log) Population -0.265 0.002
(0.174) (0.004)

(log) GDP per Capita -0.141 0.001
(0.097) (0.006)

Trade/GDP 0.066 0.023
(0.063) (0.018)

Exchange Rate Volatility 0.118 0.161*
(0.093) (0.088)

(log) Terms of Trade -0.004 0.0004
(0.028) (0.016)

Financial Openness (Chinn-Ito) -0.0002 -0.002
(0.004) (0.002)

M2/GDP 0.068 0.017
(0.089) (0.016)

Debt/GDP -0.032 0.004
(0.037) (0.011)

Peg 0.020** 0.003
(0.009) (0.005)

Soft Peg 0.007 0.004
(0.004) (0.004)

Currency Crisis 0.004 0.005
(0.014) (0.016)

Test for AR(1) in first differences (p-value) 0.065 0.000
Test for AR(2) in first differences (p-value) 0.484 0.418
Number of instruments 48 62
Hansen Test (p-value) 0.378 0.7
Year Dummy Yes Yes
Observations 424 490
Number of Countries 57 53
R-squared or Corr(y, ŷ)2 0.219 0.957
Robust standard errors are in parenthesis. Year dummies are included but not reported.
* significant at 10%; ** significant at 5%; ***significant at 1%
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Table 8: Robustness Check: A Horse Race between the DCF, HM, FDI, and CCF

Dependent Variable: Reserve to GDP

Estimation Methods
Difference-GMM System-GMM

(4) (5)

Lagged Reserve to GDP 0.3253* 0.8907***
(0.1765) (0.0816)

DCF 0.1512** 0.1103**
(0.0616) (0.0541)

Hot Money Inflows -0.0196 0.0153
(0.0367) (0.0313)

FDI Inflows -0.0105 -0.0390
(0.0484) (0.0261)

CCF 0.2840 -1.0036
(1.5693) (1.2055)

(log) Population -0.2420 0.0006
(0.1534) (0.0032)

(log) GDP per Capita -0.1242 0.0010
(0.0811) (0.0062)

Trade/GDP -0.0031 0.0189
(0.0530) (0.0192)

Exchange Rate Volatility 0.1057 0.1775**
(0.0789) (0.0862)

(log) Terms of Trade -0.0041 0.0080
(0.0283) (0.0171)

Financial Openness (Chinn-Ito) -0.0001 -0.0027*
(0.0052) (0.0015)

M2/GDP 0.0515 0.0174
(0.0813) (0.0212)

Debt/GDP 0.0005 0.0025
(0.0433) (0.0104)

Peg 0.0210** 0.0045
(0.0103) (0.0049)

Soft Peg 0.0066 0.0039
(0.0044) (0.0035)

Currency Crisis 0.0026 0.0045
(0.0135) (0.0162)

Test for AR(1) in first differences (p-value) 0.026 0.000
Test for AR(2) in first differences (p-value) 0.401 0.973
Number of instruments 51 58
Hansen Test (p-value) 0.481 0.396
Year Dummy Yes Yes
Observations 417 484
Number of Countries 53 53
R-squared or Corr(y, ŷ)2 0.183 0.961
Robust standard errors are in parenthesis. Year dummies are included but not reported.
* significant at 10%; ** significant at 5%; ***significant at 1%
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Figure 7: Reserves/GDP versus Foreign Equity Inflows Through Decentralized Trading
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Figure 8: Out-of-Sample Prediction, 2001-2007
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