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Abstract

We introduce gradual adjustment costs for both domestic and foreign bonds

in a New Keynesian small open economy model, unifying the theories of for-

eign exchange intervention and the liquidity effect. With gradual adjustment

for foreign bonds, interest rate differentials lead to persistent capital flows.

With adjustment costs for domestic bonds, open market operations generate

a stronger liquidity effect, which has real effects in an environment with costly

intermediation. Furthermore, under gradual portfolio adjustment, nominal in-

terest rates change temporarily in response to asset transactions, so that the

model can restore equilibrium when the steady-state asset ratios have changed.
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1. Introduction

In a world without transaction costs for assets, the size and composition

of the central bank’s balance sheet are irrelevant; open market operations

(OMOs) of whichever form—public or private, short-term or long-term, do-

mestic or foreign assets—cannot change asset prices (Wallace, 1981). In a

more realistic model, portfolio adjustment costs (PACs) generate imperfect

substitution between assets: each asset faces a downward demand curve so

that the change of asset quantity can move asset price.

The costs for holding foreign assets reflect capital controls or financial fric-

tions that restrict cross-border capital flows. These costs generate deviations

from the uncovered interest rate parity (UIP), introducing a wedge between

domestic and foreign interest rates. The wedge depends on domestic residents’

foreign asset holdings, thus creating a scope for foreign exchange intervention

(FXI). The effect of FXI depends on its interaction with monetary and ex-

change rate policies. These policies together affect domestic asset structure,

generating interest rate differentials and capital flows, which in turn affect the

real economy.

The pattern of capital flows is critical for generating realistic model re-

sponses. The recent FXI literature assumes instantaneous portfolio adjust-

ment: PACs arise from the deviation of foreign assets from the target, so

that interest rate differentials lead to instantaneous asset re-allocations across

countries. In other words, it is the level of portfolios that responds to inter-

est rate differentials. This is different from the traditional Mundell-Fleming

model, where the change of portfolios (i.e., capital flows) responds to interest
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rate differentials.

Our paper contributes in three aspects to the literature. First, we show

that gradual PACs generate sustained capital flows and more realistic model

responses. Bacchetta & Van Wincoop (2010, 2021) show that delayed ad-

justment on international portfolios can explain several puzzles about the re-

lationship between the interest and exchange rates. Bacchetta et al. (2022)

show that gradual PACs can account for a broad set of moments related to the

time series in an RBC model. Bacchetta et al. (2023) embed gradual portfolio

adjustment in an endowment economy and take it to monthly data. In these

models, however, there is no room for central bank policies. Our paper con-

tributes in connecting gradual PACs with FXI operations (and OMOs more

generally) in a New Keynesian framework.

Second, we unify the theories of FXI and the liquidity effect. Like FXI,

OMOs move asset prices due to PACs. With adjustment costs for domestic

bonds, open market purchases of government bonds lead to more declines in the

inter-bank rate (i.e., a stronger liquidity effect) than those induced by money

growth alone. However, for these additional interest rate cuts (generated by

the change of domestic bonds) to have a real effect in our model, there must

be a pass-through from the inter-bank to the deposit rate. This is achieved by

assuming a money demand function affected by the change of domestic bonds.

Our modeling of OMOs can be seen as an extension of Curdia & Woodford

(2011) to the open economy environment. They introduce costly interme-

diation to study balance sheet policies, which have real effects in an envi-

ronment with household heterogeneity and market segmentation. Like them,
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we abstract from the underlying financial frictions and assume reduced-form

operating costs for financial intermediaries. However, we also abstract from

heterogeneous agents and focus on the interaction between cash and short-

term bonds in the intermediary’s cost function, from which we derive the mo

ney demand function needed for the change of domestic bonds to have a real

effect.

Third, we show that gradual PACs are necessary for the model to restore

equilibrium when the steady-state ratios between nominal assets have changed.

Gradual portfolio adjustment generates temporary interest rate spreads in

response to asset transactions, including FXI and OMOs as special cases.

Although the ratios between nominal assets change permanently after asset

transactions, asset prices will return to the steady state under gradual portfolio

adjustment. This specification is different from the DSGE models on balance

sheet policies (e.g. Andres et al. (2004), Chen et al. (2012)), in which steady-

state asset ratios remain unchanged. However, it is consistent with the theory

of slow-moving capital in the finance literature (e.g. Duffie (2010)).

The rest of the paper proceeds as follows. Section 2 reviews the literature,

Section 3 derives the modified UIP condition and illustrates the implications

of alternative PAC specifications; Section 4 constructs the general equilibrium

model; Sections 5–7 investigate respectively the effects of foreign interest rate,

FXI, and monetary policy shocks; and Section 8 concludes.

3



2. Literature Review

Our paper is related to the growing literature on FX intervention. This

literature develops open economy models with FXI playing a role as a macroe-

conomic stabilization tool. Several contributions incorporate the portfolio the-

ory by modeling explicitly the underlying financial frictions (e.g., Gabaix &

Maggiori (2015), Cavallino (2019)). In their models, financial firms intermedi-

ate between domestic households and the international financial market, but

are subject to credit constraints, which create a wedge between domestic and

foreign interest rates. FXI can affect these constraints, thereby changing the

interest rate wedge and generating real effects.

Another branch of the FXI literature takes a less structural approach (e.g.,

Benes et al. (2015), Chang et al. (2015), Liu & Spiegel (2015)).1 These authors

assume reduced-form costs to motivate wedges between domestic and foreign

interest rates. Our paper is closer to Benes et al. (2015), who rationalize

the UIP interest rate spread by subjecting commercial banks to a reduced-

form cost function. Like them, we take PACs as given and abstract from the

financial micro-structure to focus on the macro aspect of FXI policies.

We compare the implications of alternative PAC specifications. This com-

parison is related to an earlier literature on different speeds of asset adjustment

within the traditional monetary and portfolio balance models (e.g., Allen &

Kenen (1976), Niehans (1977), Karacaoglu & Ursprung (1988, 1989)). Among

others, Karacaoglu & Ursprung (1988, 1989) show that the generalized port-

1Yakhin (2022) proves the financial micro-structure in Gabaix & Maggiori (2015) is
equivalent to the reduced-form PAC in Schmitt-Grohé & Uribe (2003).
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folio balance model incorporating gradual portfolio adjustment can generate

various exchange rate dynamics, accommodating the divergent experiences of

various countries.

FXI is a special case of unconventional monetary policy. Our paper is thus

related to a broader literature on the effectiveness of balance sheet policies

(e.g., Gertler & Kiyotaki (2010), Gertler & Karadi (2011), and Curdia &

Woodford (2011)). Our modeling of OMOs is a simplification of Curdia &

Woodford (2011). In their model, operating costs of financial intermediaries

introduce wedges between the lending and deposit rates. Balance sheet policies

can alter these wedges and have real effects when combined with household

heterogeneity. To fit in our open economy framework, we abstract from the

heterogenous agent and the lending rate, but retain the element necessary for

OMOs to have real effects, that is, the pass-through from the policy rate to

the retail deposit rate.

In this respect, our model is related to the recent literature on the nega-

tive interest rate policy, including Eggertsson et al. (2023), Ulate (2021), etc.

These authors investigate the transmission of negative policy rates to retail

rates. The general result is that the policy’s expansionary effects are con-

strained when there is no pass-through to deposit rates. Our model has a

similar implication, but the policy rate in our paper is adjusted through asset

transactions (OMOs), and we abstract from the influence on bank lending and

profitability. Also, we assume gradual instead of instantaneous PACs, which

separates our paper from the literature on unconventional monetary policy.

The unconventional monetary policy literature usually assumes instanta-
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neous PACs to capture in a reduced form the portfolio balance channel, result-

ing from imperfect asset substitution. This specification has been used in the

FXI literature to model capital flows; in the literature with costly intermedia-

tion to model the operating cost of financial intermediaries; and in the DSGE

models on the evaluation of quantitative easing. As stated by Karacaoglu &

Ursprung (1988, 1989), “it [instantaneous portfolio adjustment] is too restric-

tive an assumption, theoretically objectionable, and apparently unsustainable

on empirical grounds as well.” Our paper shows that the standard specification

may produce misleading results, especially when taking the model to data.

Our modeling of OMOs is also related to an earlier literature on the liq-

uidity effect, with notable contributions including Lucas Jr. (1990), Christiano

(1991), etc. This literature seeks to generate real effects of monetary policy

from sticky portfolio adjustment in flexible-price models. We share with this

literature in excluding the agents from certain types of financial transactions,

but we do this in a New Keynesian framework with sticky prices.

3. The UIP Condition

This section derives the UIP condition from the household optimization

problem. We compare alternative specifications on PACs and show how they

affect the UIP condition, thereby affecting the magnitude and sustainability

of capital flows.
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3.1. The Modified UIP Condition with Portfolio Adjustment Costs

The representative household in the domestic economy maximizes its utility

function:

E0

∞∑
t=0

βt
Ct

1−σ

1− σ

where E0 is the conditional expectation operator, β is the subjective discount

rate, Ct is household consumption, and σ determines the curvature of the

utility function.

The household can save in domestic bonds (Bt) and foreign bonds (B∗
t ),

subject to a sequence of period budget constraints:

Bt−1Rt−1 + StR
f
t−1B

∗
t−1 + PtYt ≥ PtCt +Bt + StB

∗
t

+
1

2
χ∗
bPt

(
b∗t − b

∗
)2

+
1

2
ψ∗
bPt
(
b∗t − b∗t−1

)2
(1)

Here, Rt−1 and Rf
t−1 are the nominal interest rates denominated in domestic

and foreign currency, St is the domestic currency price of one unit of foreign

currency (nominal exchange rate), Pt is the price of the consumption good,

Yt denotes the other household income. Since the model in this section is

partial equilibrium in nature, the variables Rt, R
f
t , St, Pt, and Yt are taken as

exogenous.

The last two terms are the costs related to bond holdings, where b∗t =

StB
∗
t /Pt is the real value of foreign bonds, χ∗

b and ψ
∗
b are parameters measur-

ing the size of the costs. The term 1
2
χ∗
bPt
(
b∗t − b

∗)2
is the cost when b∗t deviates

from its steady state b
∗
. This is the standard specification in the literature fol-

lowing the influential work of Schmitt-Grohé & Uribe (2003), referred to as the

7



deviation cost in this paper. The other term 1
2
ψ∗
bPt
(
b∗t − b∗t−1

)2
is the cost aris-

ing from fast adjustment, corresponding to the gradual (delayed) adjustment

cost used in Bacchetta & Van Wincoop (2010).2,3

The first-order conditions with respect to Ct, bt, and b
∗
t are respectively

Ct
−σ = λt (2)

βEt

(
λt+1

λt

Rt

πt+1

)
= 1 (3)

βEt
λt+1

λt

[
et+1R

f
t

πt+1

+ ψ∗
b

(
b∗t+1 − b∗t

)]
= 1 + χ∗

b

(
b∗t − b

∗
)
+ ψ∗

b

(
b∗t − b∗t−1

)
(4)

Here, λt is the Lagrange multiplier associated with the budget constraint (1)

in real terms, et = St/St−1 denotes the depreciation rate of domestic currency,

and πt = Pt/Pt−1 is the inflation rate of the domestic good. Equations (3) and

(4) represent the asset demand of the household. Due to the adjustment costs,

the demand curve for foreign bonds in (4) is downward-sloping. This means

when the relative price of foreign bonds rises (i.e., Rf
t rises), the household’s

optimal holdings of foreign bonds will increase.

From Appendix A, solving the above system yields

χ∗
bb

∗
b̂∗t + ψ∗

b b
∗
[(
b̂∗t − b̂∗t−1

)
− β

(
Etb̂

∗
t+1 − b̂∗t

)]
= R̂f

t + Etêt+1 − R̂t (5)

2The general form of the cost function includes both the deviation and delayed costs.
This form is used in Bernanke (1985) to derive the partial adjustment process of durable
consumption, and in Sargent (1978) and Adda & Cooper (2003) to solve for the dynamics
of employment adjustment.

3The PAC in this paper is expressed in the form of asset level (following Uribe & Schmitt-
Grohé (2017) and Liu & Spiegel (2015)) instead of asset share (e.g. Bacchetta & Van Win-
coop (2010), Benes et al. (2015), and Chang et al. (2015)). The two forms have roughly the
same implications.
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where the symbol “ ̂ ” denotes the log deviation of variables from the steady

state. Equation (5) represents a modification to the conventional uncovered

interest rate parity (UIP) condition. It says when the interest rate differential

on the right-hand side changes, foreign bonds change correspondingly and thus

lead to cross-border capital flows. To facilitate analysis, below we hold R̂t and

êt+1 unchanged, so that the changes in b̂
∗
t are determined entirely by the foreign

interest rate shock R̂f
t .

The solution to equation (5) depends on the parameters of PACs. From

Appendix A, when χ∗
b ̸= 0 and ψ∗

b = 0 (the case with only deviation costs),

the solution is trivially

b̂∗t =
R̂f
t

χ∗
bb

∗ (6)

When ψ∗
b ̸= 0 and χ∗

b ̸= 0 (the case with both deviation and delayed costs),

the solution in (A.4) can be rewritten as

b̂∗t = λ1b̂
∗
t−1 + (1− λ1)Zt (7)

Here, λ1 < 1, and Zt =
λ1

1−λ1

∞∑
i=0

(λ2)
−i R̂f

t+i

ψ∗
b b

∗ represents the desired level of b∗t ,

which is determined by future foreign interest rates. The first term is the

feedback part, and the second term is the feedforward part. This is one form

of the partial adjustment model, where 1−λ1 measures the convergence speed

of b̂∗t to the target Zt.

When ψ∗
b ̸= 0 and χ∗

b = 0 (the case with only delayed costs), λ1 = 1 in

equation (7). The desired level Zt cannot be calculated, and the convergence

speed is zero. It implies a unit root in the process of b̂∗t .
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3.2. Implications for Capital flows

To illustrate the impact of alternative PAC specifications on foreign asset

holdings (b∗t ) and cross-border capital flows (∆b∗t = b∗t − b∗t−1), we consider

three scenarios of the Rf
t shock.

Scenario 1. R̂f
t rises permanently to the level D in period t = 0.

This scenario can be further divided into three cases based on the values of

ψ∗
b and χ∗

b , corresponding to the three columns of Figure 1. We set β = 0.99,

and D = 0.0025. Since each period in the model corresponds to one quarter,

the foreign interest rate rises 1% in annual rate. To be consistent with the

general equilibrium model below, assume b
∗
to be 10% of the steady state of

quarterly income Yt, which is set at 1 in our calibration of Section 5.1. For

the parameter of the deviation cost, we set χ∗
b = 0.2.

The left column corresponds to the case with only deviation costs. From

equation (6), b̂∗t = D/
(
χ∗
bb

∗)
= 0.125. That is, foreign asset holdings adjust

once and for all to D/
(
χ∗
bb

∗)
in period 0. In the (2, 1) panel, b∗t increases by

12.5% relative to its steady state value b
∗
. This implies a one-time capital

flow in period 0 in the (3, 1) panel. After t = 0, b∗t is unchanged and capital

flows become 0 even if interest rate differential persists. This is obviously an

unrealistic pattern of capital flows.

The middle column shows the case with both deviation and delayed costs.

The desired level for foreign bonds is

Zt =
λ1

1− λ1

∞∑
i=0

(λ2)
−iEtR̂

f
t+i

ψ∗
b b

∗ =
D

χ∗
bb

∗
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Figure 1: Responses under Alternative PAC specifications: Rf
t rises perma-

nently

Notes: The left column represents deviation costs (χ∗
b ̸= 0, ψ∗

b = 0); the middle column is the case with
both deviation and delayed costs (ψ∗

b ̸= 0, χ∗
b ̸= 0); the right column represents delayed costs (χ∗

b = 0,

ψ∗
b ̸= 0). The first row is the foreign interest rate shock R̂f

t (annual %); the second row is foreign assets b̂∗t
(percent deviation from steady state); the third row is capital flows (∆b̂∗t ), expressed as percent of b

∗
.

This is also the solution in equation (6) when only deviation costs exist. There-

fore, the final change of b∗t in the (2, 2) panel is the same as the left column.

But b∗t cannot adjust in one step due to delayed costs, instead it converges to

the desired level gradually. This leads to persistent capital flows in the (3, 2)

panel,

∆b̂∗t = b̂∗t − b̂∗t−1 = (1− λ1)
(
Zt − b̂∗t−1

)
With b̂∗t converging to Zt, ∆b̂

∗
t approaches 0. The converging speed depends
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on the PAC parameters. When ψ∗
b = 20, λ1 = 0.91, the gap b∗t − Zt narrows

by 9% each period, and it takes 7.27 periods to reduce the gap by half. When

ψ∗
b = 5, λ1 = 0.82, the gap narrows by 18% in each period, and the half-life

is 3.49 periods. When ψ∗
b = 2, λ1 = 0.73, and the gap narrows by 27% each

period with a half-life period of 2.2.

The right column shows the case with only delayed costs. From equation

(A.4) we have

b̂∗t = b̂∗t−1 +
∞∑
i=0

βi
EtR̂

f
t+i

ψ∗
b b

∗ = b̂∗t−1 +
∞∑
i=0

βi
D

ψ∗
b b

∗

= b̂∗t−1 +
1

1− β

D

ψ∗
b b

∗ (8)

Then ∆b̂∗t = b̂∗t− b̂∗t−1 =
1

1−β
D

ψ∗
b b

∗ . This implies permanent capital outflows and

unlimited increase in b̂∗t . It is caused by the permanent interest rate spread

between domestic and foreign economies, which only exists in a partial equi-

librium model. In a general equilibrium model, domestic and foreign interest

rates will be equal before foreign assets reach infinity. Below, we examine two

scenarios more realistic, in which R̂f
t rises temporarily.

Scenario 2. R̂f
t rises in period T to the level D for N periods, then returns

to zero in period N + T .

Figure 2 plots the responses of b̂∗t and ∆b̂∗t , with T = 0, N = 10, and

D = 0.0025. In the left column, b̂∗t changes along with R̂f
t based on equation

(6). This implies instantaneous shifts of the portfolio in periods T and N +T .

For the other periods, capital flows are 0 because foreign assets are unchanged.
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Figure 2: Responses under Alternative PAC specifications: Rf
t rises for N

periods

Notes: See Figure 1.

In the middle column, the desired level of b∗t is calculated to be

Zt =
λ1

1− λ1

∞∑
i=0

(βλ1)
iEtR̂

f
t+i

ψ∗
b b

∗

=


λ1

1− λ1

1− (βλ1)
N+T−t

1− βλ1

D

ψ∗
b b

∗ if T ≤ t ≤ N + T

0 if t ≥ N + T

(9)

Unlike Scenario 1, Zt is constantly moving. When t ≥ N + T , Zt becomes 0

13



along with R̂f
t . Inserting Zt in equation (7) we obtain

b̂∗t =


λ1b̂

∗
t−1 + λ1

1− (βλ1)
N+T−t

1− βλ1

D

ψ∗
b b

∗ if T ≤ t ≤ N + T

λ1b̂
∗
t−1 if t ≥ N + T

(10)

In the (2, 2) panel of Figure 2, b̂∗t increases in the earlier periods, leading to

capital outflows in the (3, 2) panel. b̂∗t starts to decline before reaching N + T

because Zt in equation (9) has been constantly declining since period T . And

this leads to capital inflows after period N + T in the (3, 2) panel. With b̂∗t

decreasing to 0, capital flows (∆b̂∗t ) also return to 0. Compared with the left

column, the delayed cost in the middle column smooths the response curve so

that b∗t adjusts gradually towards the target.

The right column corresponds to the case with only delayed costs. Let

λ1 = 1 in equation (10), we obtain

b̂∗t =


b̂∗t−1 +

1−(β)N+T−t

1−β
D

ψ∗
b b

∗ if T ≤ t ≤ N + T

b̂∗t−1 if t ≥ N + T

Here b̂∗t is a non-stationary process and does not return to 0. Correspondingly,

there is no sign switch in capital flows after period N + T in the (3, 3) panel.

Scenario 3. R̂f
t follows an AR(1) process given by R̂f

t = ρR̂f
t−1 + εt, with

0 < ρ < 1 and the standard deviation σε = D.

The shock is plotted in the first row of Figure 3, where Rf
t rises to D =

0.0025 (1% in annualized rate) in period 0, then decays exponentially at the
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Figure 3: Responses under Alternative PAC specifications: Rf
t is an AR(1)

process

Notes: See Figure 1.

rate ρ = 0.8. These are also the values usually chosen in the impulse response

analysis of the DSGE and VAR literature.

In the left column, b̂∗t moves along with R̂f
t as before. This implies a one-

time capital outflow in period 0 with the rise of b̂∗t . After that, b̂∗t gradually

returns to 0, resulting in continual capital inflows.

In the middle column, the desired level is

Zt =
λ1

1− λ1

∞∑
i=0

(βλ1)
iEtR̂

f
t+i

ψ∗
b b

∗ =
λ1

1− λ1

∞∑
i=0

(βλ1ρ)
iρ
t−TD

ψ∗
b b

∗

=
λ1

1− λ1

1

1− βλ1ρ

ρt−TD

ψ∗
b b

∗ =
λ1

1− λ1

λ2
λ2 − ρ

ρt−TD

ψ∗
b b

∗
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Here, Zt decays at the same rate as Rf
t . Inserting Zt in equation (7),

b̂∗t = λ1b̂
∗
t−1 +

λ1λ2
λ2 − ρ

ρt−TD

ψ∗
b b

∗ = λ1b̂
∗
t−1 +

1/β

1/βλ1 − ρ

ρt−TD

ψ∗
b b

∗

= λ1b̂
∗
t−1 +

λ1
1− ρβλ1

ρt−TD

ψ∗
b b

∗ (11)

Like Scenario 2, b̂∗t increases initially, then decays to 0. This leads to capital

outflows in the earlier periods and subsequent capital inflows.

The right column corresponds to the case with only delayed costs. Let

λ1=1 in equation (11), we obtain

b̂∗t = b̂∗t−1 +
1

1− ρβ

ρt−TD

ψ∗
b b

∗ (12)

Then we have ∆b̂∗t = 1
1−ρβ

ρt−TD

ψ∗
b b

∗ . Like Rf
t , ∆b̂

∗
t is an AR(1) process with a

mean-reverting speed of 1− ρ.

Comparing the three columns in Figure 3 shows the impact of alternative

PAC specifications on capital flows. The deviation cost in the left column

implies large capital outflows in the shock period, but capital flows reverse

in subsequent periods. Incorporating the delayed cost in the middle column

smooths the responses, but there is still an over-adjustment of capital flows

after the first several periods. In the right column, with only the delayed cost,

there are sustained capital outflows and no reversal occurs.

3.3. Implications for Foreign Exchange Intervention

In the UIP equation containing PACs, there exists a scope for foreign ex-

change intervention. In equation (5), the analysis in the previous subsection
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runs from right to left: how the interest rate differential affects capital flows.

Now the analysis goes from left to right: how the change in b∗t affects the

interest rate spread.

Figures 1–3 show that to maintain a certain degree of interest rate spread,

it needs a more persistent capital flow under the delayed cost than under the

deviation cost. In other words, delayed costs produce a more transitory interest

rate spread. This is seen more clearly for a once-and-for-all FXI operation that

raises b∗t permanently. In the case with only deviation costs, it corresponds to

the left column of Figure 1, where the interest rate spread rises permanently; in

the case with only delayed costs, it corresponds to the right column of Figure

2 when N = 1, or the right column of Figure 3 when ρ = 0, where b∗t jumps

to the new level in the shock period, and the interest rate spread rises for one

period then returning to 0. 4

In an FXI operation, the central bank exchanges FX reserves with other

assets, so the ratio between nominal assets is altered. After the asset transac-

tion, ∆b∗t returns to 0, and b∗t changes permanently; meanwhile, the interest

rate spread must return to 0. This is not satisfied by the two cases with de-

viation costs. In the left and middle columns of Figure 1, the interest rate

spread changes permanently in response to a permanent change in b∗t . In the

first two columns of Figures 2 and 3, the interest rate spread returns to 0, but

b∗t also returns to 0 (through the overshooting of ∆b∗t ). However, it is satisfied

4For the more realistic circumstance of 0 < ρ < 1, the right column of Figure 3 illustrates
the responses to an AR(1) shock with only delayed costs: b∗t rises gradually to the new level,
and the interest rate spread is an AR(1) process with the same autocorrelation coefficient
as ∆b∗t .
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by the case with only delayed costs: in the right column of Figures 2 and 3,

the interest rate spread covaries with capital flows ∆b∗t . Foreign assets (b∗t )

change permanently as ∆b∗t returns to 0; meanwhile, the interest rate spread

returns to 0.

To summarize, this section shows that the deviation cost implies salient

features in model responses. In response to the foreign interest rate shock, it

leads to drastic changes and subsequent reversals of capital flows; in response

to the FXI shock, it leads to a permanent change of the interest rate spread.

The case with only delayed costs smooths the response to the foreign interest

rate shock without causing capital flow reversals, and ensures the interest rate

spread to return to 0 in response to the FXI shock.

We draw these conclusions from partial equilibrium analysis. To examine

their robustness, below we embed the UIP condition in a general equilibrium

model, in which the interest and exchange rates are endogenous.

4. The Complete Model

This section spells out the full structure of the small open economy. To

generate real effects of FXI and OMOs, we introduce market segmentation and

costly intermediation to limit arbitrage across financial markets. The domestic

economy consists of four agents: households, commercial banks, nonfinancial

firms, and a government. Households can only save in bank deposits, while

banks can participate in domestic and foreign bond markets. Financial trans-

actions of banks incur adjustment costs that generate interest rate spreads.
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4.1. Households

The representative household derives utility from both consumption and

leisure:

Et

∞∑
i=0

βt+i
[
Ct+i

1−σ

1− σ
− Φn

Nt+i
1+γ

1 + γ

]
where Nt denotes labor supply, σ and γ are the elasticity coefficients related

to consumption and labor supply, Φn is the utility weight for labor supply, and

Ct is a composite consumption index defined by

Ct =
(
(1− ωc)

1
η
(
Cd
t

)1− 1
η + ωc

1
η (Cm

t )
1− 1

η

) η
η−1

where Cd
t is consumption of domestic homogeneous good, Cm

t denotes the

quantity of imported goods consumed, ωc ∈ [0, 1] captures the degree of home

bias, and η > 0 measures the substitutability between domestic and foreign

goods.

The household’s budget constraint is

P c
t Ct +Bd

t ≤ Rd
t−1B

d
t−1 +WtNt + Tt +Πt + Ωt

where P c
t is the price of the composite consumption good, Bd

t is bank deposits

with interest Rd
t , Wt denotes nominal wage, Tt denotes lump-sum transfers (or

taxes if negative) from the government, Πt denotes the profits from firms, and

Ωt denotes the profits from commercial banks.
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The first-order conditions for the household are

Ct
−σ = λtp

c
t (13)

βEt

(
λt+1

λt

Rd
t

πt+1

)
= 1 (14)

ΦnNt
γ = λtwt (15)

Here, λt is the Lagrange multiplier associated with the budget constraint in real

terms, and pct = P c
t /Pt is the real price of consumption goods. Equations (13)

and (14) correspond to (2) and (3) in Section 3, equation (15) is the optimality

condition of labor supply where wt is the real wage scaled by domestic good

price Pt.

We assume producer currency pricing, so the law of one price holds for

import and export goods: Pm
t = StP

f
t , and Pt = StP

x
t , where Pm

t is the

price of imported goods expressed in domestic currency, P f
t is the price of

foreign goods expressed in foreign currency, and P x
t is the price of export

goods expressed in foreign currency. Because the size of the domestic economy

is negligible relative to the rest of the world, P f
t can also be interpreted as a

world consumer price index (CPI).

The optimal allocation of expenditures between domestic and imported

goods yields Cd
t = (1− ωc)

(
Pt

P c
t

)−η
Ct, C

m
t = ωc

(
Pm
t

P c
t

)−η
Ct, and

P c
t =

((
1− ωc

)(
Pt
)1−η

+ ωc
(
Pm
t

)1−η) 1
1−η

=
((

1− ωc
)(
Pt
)1−η

+ ωc
(
StP

f
t

)1−η) 1
1−η
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Scaling it by Pt, we obtain the relative price of consumption goods

pct =
P c
t

Pt
=
(
(1− ωc) + ωc(p

m
t )

1−η) 1
1−η

where pmt = Pm
t /Pt is the terms of trade, defined as the price of import goods

relative to export goods. Consumption goods inflation is

πct =
P c
t

P c
t−1

=
Ptp

C
t

Pt−1pCt−1

= πt

[
(1− ωc) + ωc(p

m
t )

1−η

(1− ωc) + ωc
(
pmt−1

)1−η
] 1

1−η

Exports are foreign demand for domestic goods:

Xt =

(
P x
t

P f
t

)−ηf
Y f
t = (pmt )

ηfY f
t

where Y f
t is foreign output.

The real exchange rate is defined as the ratio of the world and domestic

CPI’s, both expressed in domestic currency:

qt =
StP

f
t

P c
t

=
Pm
t

P c
t

Also,

qt
qt−1

= et
πft
πct

where et = St/St−1, and π
f
t = P f

t /P
f
t−1.
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4.2. Commercial Banks

Commercial banks operate in a competitive environment. They take de-

posits from households and invest in domestic and foreign assets. For simplic-

ity, we assume foreign residents cannot hold domestic assets.

The balance sheet of the bank is

Bd
t = Bt + StB

∗
t +Mt (16)

where Bt is the quantity of domestic bonds, B∗
t is foreign bonds denominated

in foreign currency, and Mt denotes cash holdings.

Banks take interest rates as given. Let Rt be the gross interest rate paid

on domestic bonds, and Rf
t the gross rate on foreign bonds. The bank obtains

asset returns RtBt+StR
∗
tB

∗
t +Mt, and pay deposit costs Rd

tB
d
t . The dividend

at the end of period t is

Ωt = Bd
t +Rt−1Bt−1 + StR

f
t−1B

∗
t−1 +Mt−1

−Rd
t−1B

d
t−1 −Bt − StB

∗
t −Mt − PtΞ(mt, bt, b

∗
t )

The operating cost of the bank Ξ(mt, bt, b
∗
t ) is defined as

Ξt =
1

2
χ∗
b

(
b∗t − b

∗
)2

+
1

2
ψ∗
b

(
b∗t − b∗t−1

)2
+

1

2
χb
(
bt − b

)2
+

1

2
ψb(bt − bt−1)

2 − Γ (mt, bt)+F (17)

where the lowercase letters denote real assets. The first four terms are the

adjustment costs for domestic and foreign bonds. These costs have the same
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structure as those in Section 3. Combined with the assumption on Γ (mt, bt),

they ensure Ξ (mt, bt, b
∗
t ) to be a monotonically increasing function of bt and

b∗t , that is, Ξb > 0, and Ξb∗ > 0. The constant F is a fixed cost that guarantees

the operating cost at steady state is zero.

Banks can reduce their intermediation costs by holding cash issued by the

central bank. Assume Γ (mt, bt) takes the following form:

Γt = Φm
(mt)

1−σm

1− σm
[1 + Φb (bt − bt−1)]

This function is decreasing in mt and increasing in bt. Specifically, it ensures

Ξ (mt, bt, b
∗
t ) to satisfy Ξmb < 0, in conformity with Curdia & Woodford (2011)

and Eggertsson et al. (2023). This means that the marginal cost of domestic

bonds is affected by the bank’s cash holding. That is, an increase in cash can

reduce the marginal cost of investing in domestic bonds. Alternatively, with

the increase of domestic bonds, cash holdings can reduce the operating cost

more effectively. This assumption is intuitive and is critical for the change of

domestic bonds to influence the deposit rate Rd
t . Parameters Φm and Φb are

coefficients related to mt and bt.

The bank maximizes the discounted present value of dividends:

Πt = Et

∞∑
i=0

βi
λt+i
Pt+i

Ωt+i

subject to equation (16), where λt satisfies equation (14).

The bank chooses mt, bt, and b
∗
t to maximize Πt. The first-order condition
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with respect to domestic bonds bt is

− Γb,t + χb
(
bt − b

)
+ ψb (bt − bt−1)

= βEt

{
λt+1

λt

[
Γb,t+1 +

Rt

πt+1

− Rd
t

πt+1

+ ψb (bt+1 − bt)

]}
(18)

where Γb,t = ∂Γt

∂bt
= Φb

(mt)
1−σm

1−σm , and Γb,t+1 = ∂Γt+1

∂bt
= −Φb

(mt+1)
1−σm

1−σm . This

equation says the change of domestic bonds can affect the spread between the

inter-bank rate (Rt) and the retail deposit rate (Rd
t ).

The first-order condition with respect to foreign assets b∗t is

[
χ∗
b

(
b∗t − b

∗
)
+ψ∗

b

(
b∗t − b∗t−1

)]
= βEt

λt+1

λt

[
et+1R

f
t

πt+1

− Rd
t

πt+1

+ ψ∗
b

(
b∗t+1 − b∗t

)]
(19)

Combining it with equation (18) yields

−Γb,t + χb
(
bt − b

)
+ ψb (bt − bt−1)− χ∗

b

(
b∗t − b

∗
)
− ψ∗

b

(
b∗t − b∗t−1

)
= βEt

λt+1

λt

(
Rt − et+1R

f
t

πt+1

)

+βEt
λt+1

λt

[
Γb,t+1 + ψb (bt+1 − bt)− ψ∗

b

(
b∗t+1 − b∗t

)]
The above equation is a generalization of the UIP condition in equation (5).

Here, both the adjustment of domestic and foreign bonds will incur costs and

generate the spread between domestic and foreign interest rates.
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The first-order condition with respect to cash mt is

−Γm,t = βEt
λt+1

λt

(
1

πt+1

− Rd
t

πt+1

)
(20)

where

Γm,t =
∂Γt
∂mt

= Φm(mt)
−σm [1 + Φb (bt − bt−1)]

The right-hand side of equation (20) represents the spread between the nominal

returns between money and deposits. When Φb > 0, the change of bt as

well as mt can affect Rd
t . And from equations (13) and (14), the deposit

rate determines domestic consumption (Ct). Therefore, the condition Φb > 0

guarantees the change of domestic bonds to have a real effect.

4.3. Firms

The final product (Yt) is aggregated by a continuum of intermediate goods

Yt(i):

Yt =

[∫ 1

0

Yt(i)
ε−1
ε di

] ε
ε−1

(21)

where i ∈ (0, 1), and ε > 1 is the substitution elasticity between intermediate

goods. The final good producer maximizes its profit subject to equation (21):

maxP

[∫ 1

0

Yt(i)
ε−1
ε di

] ε
ε−1

−
∫ 1

0

Pt(i)Yt(i)di

which yields:

Yt(i) =

[
Pt(i)

Pt

]−ε
Yt (22)
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Equation (22) is the demand curve faced by intermediate goods producers.

Substituting it into the zero-profit condition of the final good producer, we

obtain the relationship between the prices of the final and intermediate goods:

Pt =

[∫ 1

0

Pt(i)
1−εdi

] 1
1−ε

Differentiated intermediate goods are produced using the following tech-

nology:

Yt(i) = Nt(i) (23)

The marginal cost of the monopolistic producer is

st = (1− v)
Wt

Pt
(24)

Here, v = 1/ε denotes the employment subsidy financed by lump-sum taxes,

to correct the markup distortion at steady state.

We assume Calvo sticky prices following the New Keynesian literature. In

each period t, a fraction of intermediate goods producers, 1 − θ, can reop-

timize their prices. The ith firm that can reoptimize maximizes the present

discounted value of its future profits:

Et

∞∑
j=0

βj
λt+j
Pt+j

[Pt+j(i)Yt+j(i)− (1− v)Wt+kNt+k(i)] (25)

The Philips curve can be derived from the optimization of firms. Since this

part is relatively standard, we leave it to the appendix.
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4.4. Market Clearing and Balance of Payments

4.4.1. Final Good Market Clearing

Market clearing of the homogeneous final output requires

Yt = Cd
t +Xt +Gt + Ξt

where Gt denotes government consumption, Ξt is the bank operating cost

defined in equation (17). Following Farhi & Werning (2016), we assume that

government spending is concentrated exclusively on domestic varieties:

Gt =

[∫ 1

0

Gt(i)
ε−1
ε di

] ε
ε−1

4.4.2. Domestic Bond Market Clearing

Market clearing in the domestic bond market is

Bt +Bc
t = Bg

t (26)

which indicates that the nominal bonds issued by the government (Bg
t ) are

held respectively by the commercial bank (Bt) and the central bank (Bc
t ).

4.4.3. Balance of Payments

The current account equals the sum of trade surplus and net interest income

received from holdings of foreign assets:

CAt = StP
x
t Xt − StP

f
t ωc

(
pct
pmt

)η
Ct + St

(
Rf
t−1 − 1

) (
B∗
t−1 + F ∗

t−1

)
(27)
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where F ∗
t denotes the foreign bonds held by the central bank (reserves), and

B∗
t + F ∗

t denotes net foreign assets of the economy as a whole.

In each period, a current account surplus (deficit) implies increases (de-

creases) in the country’s holdings of foreign assets. The aggregate stock of

foreign assets thus evolves according to

CAt = St
[
B∗
t + F ∗

t −
(
B∗
t−1 + F ∗

t−1

)]
(28)

Combining the previous equations (27) and (28), we obtain the balance of

payments (BOP) condition,

St (B
∗
t + F ∗

t ) + StP
f
t ωc

(
pct
pmt

)η
Ct = StP

x
t Xt + StR

f
t−1

(
B∗
t−1 + F ∗

t−1

)
(29)

4.5. Policies

The government is comprised of the fiscal branch and the central bank.

The central bank varies the money supply to move the interest rate. Assume

the money growth rate follows an AR(1) process

∆ logMt = ρm∆ logMt−1 + εmt

where ρm ∈ [0, 1) and εmt is white noise. The central bank is subject to the

following constraint in the asset markets:

St
(
F ∗
t − F ∗

t−1

)
+
(
Bc
t −Bc

t−1

)
= (Mt −Mt−1) (30)
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This equation says the change of money can be accompanied by a change of

Bc
t (domestic OMO) or a change of F ∗

t (international OMO).

Table 1: Financial Structure

Central bank Commercial banks Households

Assets Liabilities Assets Liabilities Assets Liabilities

Bc
t Mt Bt Bd

t Bd
t

F ∗
t B∗

t

Mt

The central bank can also adjust its holding of FX reserves to achieve

a particular target for the nominal exchange rate. From equation (30), the

adjustment of F ∗
t can be met with a change of Bc

t (sterilization) or a change

of Mt (unsterilized FXI).

The rule for FX intervention is as follows:

log (f ∗
t )− log (f ∗) = XS log

(
S̃t

)
+ εft (31)

Here, f ∗
t = StF

∗
t /Pt is the real value of FX reserves with a steady state f ∗,

S̃t = St/S̄ is the deviation of the nominal exchange rate from its target (S̄),

and XS is the response coefficient measuring the intensity of FX intervention.

With sticky prices, the central bank can keep the exchange rate on its target

by adjusting the level of F ∗
t . A fixed exchange rate regime is represented

by XS → −∞; whereas in a flexible exchange rate, the central bank ignores

exchange rate movements and holds F ∗
t constant. We assume the steady state

level is sufficiently high so that F ∗
t is non-negative for all t and all relevant

stochastic shocks εft .
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The fiscal branch of the government, or the treasury, is subject to the

following budget constraint

Bg
t −Rt−1B

g
t−1 + Tt +Θt = PtGt (32)

where Tt denotes lump-sum taxes, Θt is a quasi-fiscal deficit/surplus from the

central bank’s operations,

Θt =Mt −Mt−1 −
[
St

(
F ∗
t −Rf

t−1F
∗
t−1

)
+Bc

t −Rt−1B
c
t−1

]
(33)

The central bank has no capital and rebates all profits or losses to the treasury.

Substituting (33) into (32) yields the consolidated government budget con-

straint

Mt −Mt−1 + (Bg
t −Bc

t )−Rt−1

(
Bg
t−1 −Bc

t−1

)
+ Tt

= St

(
F ∗
t −Rf

t−1F
∗
t−1

)
+ PtGt (34)

This equation says that government expenditure can be financed through print-

ing money, issuing bonds, lump-sum taxes, or selling FX reserves.

5. The Effects of Foreign Interest Rate Shocks

5.1. Parameterization

Parameter values are summarized in Table 2. For the real sector, we set

Φn to 1.24 so that quarterly domestic output and employment equal 1 in the

steady state. The degree of home bias ωc is set at 0.2, so that the export-
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Table 2: Parameter Descriptions and Values

Households and Firms

β Discount factor 0.99

σ Curvature of utility of consumption 1

γ Curvature of disutility of labor 2

Φn Weight on disutility of labor 1.24

θ Calvo price stickiness 0.75

ωc Degree of home bias 0.2

η Substitution elasticity between domestic and imported goods 5

ηf Demand elasticity of exports 1.5

Commercial Banks

Υ∗
b Steady state ratio of foreign bonds held by banks to quarterly GDP 0.1

Υb Steady state ratio of domestic bonds held by banks to quarterly GDP 1

σm Demand elasticity of cash demand 10

Φm Parameter related to cash demand 0.03

Φb Parameter measuring the impact of domestic bonds 0.2

χ∗
b Deviation cost of foreign bonds 0.2

ψ∗
b Delayed cost of foreign bonds 5

ψb Delayed cost of domestic bonds 0.2

Policies

ηg Share of government expenditure in GDP 0.2

Υ∗
f Steady state ratio of reserves held by central bank to quarterly GDP 0.8

XS Response coefficient of f ∗
t to exchange rate −20

to-GDP ratio is 20 percent in the steady state. Following Christiano et al.

(2011), the substitution elasticity between domestic and imported goods η is

set at 5, and the demand elasticity of exports ηf is set at 1.5.

For the financial sector, we set Φm to 0.03. Based on the calculation in

Appendix D, we then have m =
[
Φm/(1− 1/Rd)

] 1
σm = 1.12. The steady-

state ratio of FX reserves held by the central bank to quarterly GDP (Υ∗
f ) is

31



0.8. Then from the central bank’s balance sheet, the ratio of domestic bonds

held by the central bank Υc is 0.32. The ratio of domestic bonds held by the

commercial bank Υb is set at 1. Then the ratio of domestic bonds issued by

the government is calculated to be Υg = Υb +Υc = 1.32. The ratio of foreign

assets held by the commercial bank Υ∗
b is set at 0.1. This implies a home

bias for domestic bonds Υb/ (Υb +Υ∗
b) = 0.9. The response coefficient of FX

reserves to the exchange rate XS is set at −20 to represent a fixed exchange

rate regime.

The following are the parameters governing the dynamics of the financial

market. We set σm to 10. From the log-linearization of equation (20), we have

dm̂t

4× dR̂d
t

= − 1

4 (Rd − 1)σm
≈ −2.5

This is the elasticity of money demand with respect to the annualized interest

rate. It is comparable to Christiano et al. (2005), who report an elasticity close

to 1, obtained as part of the estimation of a DSGE model. Our value implies

that when money increases by 1%, the annual interest rate decreases by 0.4%.

The parameter Φb measures the effect of domestic bonds on the deposit rate.

We set Φb to 0.2 in our benchmark simulation. In equation (20), an open

market operation with nominal money increasing 1% reduces domestic bonds

by 1.12%, resulting in an additional 0.3% (in the annualized rate) drop of Rd
t

when the other variables remain unchanged.

The adjustment cost parameters of foreign bonds (b∗t ) are calibrated to

capture deviations from the UIP condition. In our benchmark simulation, we
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set χ∗
b to 0.2.5 Based on the analysis of Figure 1, it implies when the interest

rate differential rises by 1% (in the annualized rate), the desired level of b∗t

increases by Zt = D/
(
χ∗
bb

∗)
= 0.0025/

(
0.2× 0.1

)
= 12.5%. For the case with

both deviation and delayed costs, ψ∗
b governs the speed of b∗t converging to its

target. Calibrating ψ∗
b = 5 when χ∗

b = 0.2 implies that the gap b∗t−Zt narrows

by 18% in each period, and the half-life is 3.49 periods. For comparison, the

gap narrows by 73% (ψ∗
b = 0.1), 62% (ψ∗

b = 0.2), 36% (ψ∗
b = 1), 27% (ψ∗

b = 2),

13% (ψ∗
b = 10), and 9% (ψ∗

b = 20) in each period with a half-life period of

0.53, 0.72, 1.55, 2.2, 4.98, and 7.27 respectively.

For the case with only delayed costs, equation (12) implies that b∗t increases

by 1.2% (ψ∗
b=1), 0.6% (ψ∗

b=2), 0.24% (ψ∗
b=5), and 0.06% (ψ∗

b=20) of quarterly

GDP in the shock period and eventually by 6%, 3%, 1.2%, and 0.3%, in

response to an AR(1) interest rate shock with ρ = 0.8 and σ = 0.0025, as

plotted in Figure 3.6 For domestic bonds, the baseline value of ψb is set at 0.2.

It is smaller than ψ∗
b because by assumption it is less costly for households to

adjust domestic bonds than foreign bonds.

The rest are shock parameters. The standard deviation for foreign interest

rate shocks (εRft ) is 0.0025.7 This means that in our quarterly model, a one-

standard deviation shock to the nominal interest rate amounts to a 1% increase

5According to Chang et al. (2015), χ∗
b for emerging market economies lies between 0.05−

0.5. Our parameter value is close to the value of 0.25 used in Buffie et al. (2018).
6For comparison, Eichengreen et al. (2018) calculate that capital flows to an emerging

market economy are around 2.5% of its GDP on average.
7Foreign interest rates also affect foreign output, thus changing exports of the domestic

economy. We do not consider this effect in our impulse response analysis. Therefore, the
foreign interest rate shock here is actually the risk premium shock of Neumeyer & Perri
(2005) and Farhi & Werning (2014).
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in the annualized rate. The standard deviation of foreign exchange intervention

shocks (εft ) is set at 0.01, implying a 1% increase in the quarterly growth rate of

nominal FX reserves. The standard deviation of monetary policy shocks (εmt )

is set at 0.0025, implying a 1% increase in the annualized money growth rate.

The standard deviation of government spending shocks (εgt ) is 0.1. The autore-

gressive coefficients of the shocks are set at 0.8 for εgt , ε
Rf
t and 0.5 for εft , ε

m
t .

5.2. Implications of Alternative PACs for Foreign Bonds

We compare three specifications—the deviation cost, the delayed cost, and

the one incorporating both costs. Figure 4 plots the responses under the

flexible exchange rate regime. Nominal assets are measured in annualized

growth rates, except for private capital flows, which are represented with the

quarterly growth rate of foreign bonds B∗
t : ∆ logB∗

t ≈ b̂∗t− b̂∗t−1− êt+π̂t. When

êt = π̂t = 0, ∆ logB∗
t equals ∆b̂∗t in Section 3 around the steady state. We set

χb = ψb = 0, ignoring for the moment adjustment costs for domestic bonds.

For the change of domestic bonds to have a real effect, we assume Φb = 0.1,

so that ∆bt affects the deposit rate Rd
t through equation (20), which in turn

affects domestic demand through the Euler equation (14).8

An increase in the foreign interest rate leads to capital outflows, which

increase the demand of foreign assets. And this leads to a depreciation of the

domestic currency, generating an expenditure switching effect. With sticky

prices, the terms of trade (pmt ) increase, resulting in a rise of net exports, and

thus a rise in output.

8See Section 7 for a more detailed analysis.
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Figure 4: Responses to an Rf
t Shock: Flexible Exchange Rate

Notes: This figure compares three PAC specifications: deviation costs (χ∗
b ̸= 0.2, ψ∗

b = 0), delayed costs
(χ∗

b = 0, ψ∗
b = 5), and the case with both deviation and delayed costs (χ∗

b ̸= 0.2, ψ∗
b = 5). Other

parameters: χb = ψb = 0, Φb = 0.1.

The specification of adjustment costs determines the pattern of capital

flows, which further determines the exchange rate, exports, and output. In

the case of deviation costs, capital flows in the (3, 3) panel change sign after

the first several periods. The deviation cost requires that b∗t returns to its

initial level (steady state) b
∗
, so there must be capital flows in the opposite

direction to offset those in the earlier periods. This leads to overshooting of the

exchange rate and terms of trade, which in turn leads to the over-adjustment

of exports and output. We deem these responses as unrealistic because they

are inherited from capital flow reversals.9 Such reversals are dictated by the

9The salient features implied by the deviation cost—drastic changes of capital flows and
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assumption of the cost function, not by economic theory.10 In the case with

both deviation and delayed costs, the response curves become smoother, but

the sign changes still exist. In the case with only delayed costs, there is no

capital flow reversals. This in turn results in more realistic responses of the

exchange rate, exports, and output.

Under the flexible exchange rate regime, external shocks are mitigated not

only by exchange rate fluctuations, but also by endogenous changes in Rt,

Pt, and Yt. For the same Rf
t shocks as in Figure 3, the response amplitudes

of b∗t and ∆ logB∗
t are much smaller. Especially for the case of deviation

costs, there is no longer one-time adjustment to the portfolio because of the

smoothing effect of other endogenous variables.

Under a fixed exchange rate regime, the adjustment of the portfolio play a

more important role: in Figure 5, the tendency to depreciate transforms to the

decline of FX reserves (∆ logF ∗
t ) according to the feedback rule of equation

(31), so that the fluctuation of the exchange rate is confined within a small

range. Meanwhile, the domestic deposit rate changes less than the foreign

interest rate. Therefore, the interest rate differential is mainly determined by

Rf
t .

This situation is close to that analyzed in Section 3. The responses of b∗t

and ∆ logB∗
t resemble those in Figure 3, though a little smaller in magnitude

subsequent reversals—are not observed in the data of normal times (see the survey in Koepke
(2019) and Miranda-Agrippino & Rey (2022)).

10The intention to re-adjust the portfolio to a predetermined level may not be a dominant
force in the short term, which is the research scope of DSGE models. This mechanism is
referred to as the portfolio rebalancing channel in a strand of literature on quantitative easing
(e.g. Joyce et al. (2012)). Bubeck et al. (2018) differentiate active portfolio reallocation from
passive rebalancing triggered by valuation effects.
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(b) Unsterilized Intervention

Figure 5: Responses to an Rf
t Shock: Fixed Exchange Rate

Notes: This figure compares three PAC specifications: deviation costs (χ∗
b ̸= 0.2, ψ∗

b = 0), delayed costs
(χ∗

b = 0, ψ∗
b = 5), and the case with both deviation and delayed costs (χ∗

b ̸= 0.2, ψ∗
b = 5). Other

parameters: χb = ψb = 0, Φb = 0.1.
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due to the mitigation of other endogenous variables. In the case of deviation

costs, capital flows fluctuate more drastically than in Figure 4. They put

pressure on the exchange rate and lead to drastic fluctuations in FX reserves.

Introducing delayed costs smooths the responses, but there are still reversals

in reserves, exports, and output. In contrast, the case with only delayed costs

generates more realistic model responses.

In summary, the conclusions from the general equilibrium model confirm

our previous partial equilibrium analysis: the deviation cost generates abrupt

changes and reversals of capital flows, resulting in an over-adjustment of other

variables; whereas gradual PACs imply persistent capital flows without rever-

sals and more realistic model responses. Therefore, we assume only delayed

costs in all subsequent analysis.

5.3. Alternative Exchange Rate Policies

This subsection examines more closely the influence of exchange rate poli-

cies. Figure 6 collects the cases with only delayed costs of Figures 4 and 5 in

one graph. It shows that a rise in Rf
t can be expansionary or contractionary

depending on the exchange rate regime. Under the flexible exchange rate,

capital flows out and domestic currency depreciates. This increases exports

and output. In a fixed exchange rate regime maintained by unsterilized in-

tervention, domestic currency declines along with FX reserves, thus raising

the deposit rate Rd
t . The latter reduces household consumption, which leads

to a fall of output. In the case of sterilized intervention, domestic bonds de-

cline along with FX reserves. This reduces Rd
t , which raises consumption and

output. But this expansionary effect is small compared with the depreciation
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Figure 6: Gradual PACs Under Alternative Exchange Rate Policies

Notes: Responses to a one percent increase in the annualized interest rate of foreign bonds. χ∗
b = 0,

ψ∗
b = 2, Φb = 0.1, χb = ψb = 0.

effect under the flexible exchange rate. Therefore, the output level lies between

the cases of flexible exchange rates and unsterilized intervention.

Figure 6 shows that exchange rate policies are decisive to the output re-

sponse. This result is related to the recent research of Miranda-Agrippino &

Rey (2020). They find that a rise in the US interest rate has contractionary

effects on advanced economies with floating exchange rates, as well as coun-

tries with fixed exchange rates. They point to financial channels as the main

explanation. Their findings can be reconciled with our framework. On the one

hand, central banks in advanced economies have been active in intervening
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in FX markets, so that the exchange rate is far from free-floating.11 On the

other hand, sterilization cannot completely insulate domestic economy. The

literature reports low offset coefficients (∆Bt/∆F
∗
t ), reflecting the inefficiency

of sterilization.12 The two factors combined—inflexible exchange rates plus

incomplete sterilization—pushes the economy closer to the unsterilized inter-

vention case in Figure 6. And the output decline can be further explained

by combining several other factors such as dominant currency pricing, capital

accumulation, and the decline in foreign output.

6. The Effects of Foreign Exchange Intervention

We have shown that interest rate differentials lead to cross-border capi-

tal flows, which have different effects under alternative PACs and exchange

rate policies. Except for the shock to the foreign interest rate, interest rate

differentials can be generated by the FXI shock that affects the exchange rate.

Figure 7 displays the responses to alternative FXI operations under a flex-

ible exchange rate regime. The FXI shock implies an increase in the central

bank’s FX holdings F ∗
t . From the BOP condition (29), the increase of f ∗

t

crowds out the foreign bond holdings of the household (b∗t ), resulting in the

fall of capital outflows (∆ logB∗
t ) on the left-hand side of (19). This is the

counterpart of the partial equilibrium analysis of Section 3.3, where ∆b∗t affects

the interest rate spread in the UIP condition (5).

However, in a general equilibrium model it coexists with other channels.

11See e.g. Johnson et al. (2020).
12See e.g. Ljubaj et al. (2010).
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Figure 7: Sterilized vs. Unsterilized FXI Under Flexible Exchange Rate

Notes: Responses to a one percent increase in the quarterly growth rate of nominal FX reserves.
χb = ψb = 0, Φb = 0.1, χ∗

b = 0, ψ∗
b = 2.

On the one hand, the FXI shock increases the demand for foreign bonds.

Under the flexible exchange rate, the domestic currency depreciates and net

exports increase. As a result, output and inflation rise. On the other hand,

domestic interest rates are changed. From equation (30), a change in F ∗
t leads

to a change in Bc
t or Mt. With unsterilized FXI, Mt increases with Ft, which

decreases domestic interest rates. Therefore, domestic currency depreciates

more, and output expands more. With sterilized FXI, the central bank reduces

its holdings of government bonds (Bc
t ), implying an over-supply of domestic

bonds in the market. This leads to the rise of domestic interest rates, which

makes the domestic currency depreciate less and output expand less.

Bayoumi et al. (2015) report that the effect of net official flows (NOF, the
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change of FX reserves) on net exports is 42 cents for each dollar of sterilized

intervention. That is, dNXt/dNOFt = 0.42. In our baseline simulation,

the rise of net exports in the shock period is about 0.4% of quarterly GDP,

in response to an increase of FX reserves of 0.8% of quarterly GDP (we have

assumed Υ∗
f = 0.8). This means dNXt/dNOFt = 0.52, close to their estimate.

With a lower capital mobility of ψ∗
t = 5, dNXt/dNOFt = 0.69, also close to

their value of 0.66 for the low-mobility situation.

Like in Section 3.3, asset transactions alter the initial ratios of nominal

assets in the new steady state. In sterilized FXI, the permanent increase

in F ∗
t leads to a permanent increase of Bt; in unsterilized FXI, Bt remains

unchanged, but price increases proportionally with nominal money. In both

cases, real domestic bonds (bt) change in the new steady state.13

Rewriting the first-order condition for bt of equation (20) in steady-state

form,

− (1− β) Φb
(m)1−σb

1− σb
+ χb

(
b
new − b

)
=
β

π

(
R−Rd

)
where b

new
is the new steady state for domestic bonds. Since in the new

steady state price increases proportionally with nominal money, the real money

balance (m) remains unchanged. And the interest rate spread on the right-

hand side needs to be constant, so χb must be zero. The same is true with

real foreign bonds (b∗t ) and equations (19) and (29). Therefore, except for

generating more realistic model responses, gradual PACs are needed for the

13This echoes the argument of Metzler (1951) that a price change in proportion to the
change in the nominal money supply would not restore equilibrium, because it would not
restore the original ratio of nominal bonds to nominal money (Walsh, 2017, p.148).
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model to restore equilibrium after asset transactions.

7. OMOs, Liquidity Effect, and Interest Rate Pass-through

Monetary policy in our model takes the form of OMOs that exchange

money for short-term government bonds. It is widely accepted that a plausible

monetary model ought to generate a liquidity effect, that is, nominal interest

rates decline in response to a positive monetary injection, at least initially.

This is viewed as an important channel through which monetary policy affects

the real economy. Gaĺı (2015) shows that a liquidity effect exists for some

parameter values in the textbook New Keynesian model. Below we show that

adjustment costs for domestic bonds can generate a stronger liquidity effect,

but it may not have real effects.

Figure 8 examines the effectiveness of OMOs under flexible exchange rates.

We consider four cases: (1) Φb = 0, ψb = 0; (2) Φb = 0, ψb = 0.2; (3) Φb = 0.5,

ψb = 0; (4) Φb = 0.5, ψb = 0.2. The gradual adjustment cost of domestic bonds

is lower than that of foreign bonds (ψb < ψ∗
b = 2), reflecting the restrictions

on cross-border capital flows.

Case 1 represents the benchmark case in which domestic bonds do not

affect nominal interest rates. Faster money growth leads to higher inflation,

which decreases the real interest rate and depreciates the domestic currency.

The rise of real money balances lowers the deposit rate Rd
t through equation

(20). However, this effect is weakened by the increase of prices, so that nomi-

nal interest rates fall mildly, implying a weak liquidity effect in the model. As

noted by Gaĺı (2015), the liquidity effect can be stronger with a lower persis-
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Figure 8: OMOs: Alternative Specifications for Domestic Bonds

Notes: Responses to a one percent increase in the annualized money growth rate under a flexible exchange
rate regime. χb = 0, χ∗

b = 0, ψ∗
b = 2.

tence of money growth, which reduces the effect of inflation expectation. It

can also be stronger with a lower interest rate elasticity of money demand.

Case 2 differs from case 1 in that the change of domestic bonds affects

the inter-bank rate Rt. With ψb > 0, the wedge Rt −Rd
t decreases along with

bt in equation (18). However, Φb = 0 implies that bt has no effect on Rd
t based

on equation (20). It also implies no pass-through from Rt to R
d
t . Therefore,

although case 2 generates a stronger liquidity effect than case 1, the real

effect of the OMO is the same. The only difference is Rt in the (1, 4) panel.

This result has been emphasized by Andres et al. (2004): asset price wedges

resulting from transaction costs may not influence aggregate demand unless
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they have an independent effect on household spending decisions.

Case 3 differs from case 1 in that with Φb > 0, the change of bt affects

Rd
t and has a real effect. However, ψb = 0 implies that domestic bonds do not

affect the wedge Rt −Rd
t , so there is (almost) complete pass-through from Rt

to Rd
t . Because interest rates drop more, case 3 generates a stronger liquidity

effect than cases 1 and 2. Case 4 has the strongest liquidity effect, because

both Φb and ψb contribute to the fall in Rt. But the real effect coincides with

that of case 3, because it depends only on Φb and the change of Rd
t . Now

there is a limited pass-through from Rt to R
d
t .

To summarize, in an expansionary OMO, domestic bonds decrease while

money increases. With adjustment costs, the decrease of domestic bonds can

induce additional interest rate cuts beyond those induced by money growth,

which means a stronger liquidity effect. But for the change of domestic bonds

to have real effects, the assumption of market segmentation and costly inter-

mediation is not enough. It needs Φb > 0, so that the change of bt shifts the

money demand function and therefore moves Rd
t . The condition Φb > 0 also

implies a pass-through from the inter-bank to the retail deposit rate.

8. Conclusion

This paper shows gradual portfolio adjustment is an essential building block

for open economy DSGE models. PACs for foreign bonds reflect capital con-

trols or financial constraints that restrict cross-border capital flows. Gradual

PACs for foreign bonds imply sustained capital flows without reversals and

more realistic model responses.
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PACs are necessary for asset transactions, including OMOs and FXI as spe-

cial cases, to affect asset prices. With adjustment costs for domestic bonds,

expansionary OMOs can generate a stronger liquidity effect—additional de-

clines in inter-bank rates resulting from the decrease of domestic bonds. But

for the change of domestic bonds to have real effects, they should shift the

money demand function so as to affect the deposit rate. In other words, there

must be a pass-through from the inter-bank rate to the deposit rate.

Finally, asset prices change temporarily under gradual PACs. Therefore,

gradual portfolio adjustment is needed to restore model equilibrium because

both FXI and OMOs alter the steady-state ratios between nominal assets.

References

Adda, J., & Cooper, R. W. (2003). Dynamic economics: quantitative methods and

applications. MIT press.

Allen, P. R., & Kenen, P. B. (1976). Portfolio adjustment in open economies: A

comparison of alternative specifications. Weltwirtschaftliches Archiv , 112 , 33–72.
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Appendix A. Deriving and Solving Equation (5)

Subtracting equation (3) from (4) in the text, we have

χ∗
b

(
b∗t − b

∗
)
+ ψ∗

b

(
b∗t − b∗t−1

)
− βEt

λt+1

λt

[
ψ∗
b

(
b∗t+1 − b∗t

)]
= βEt

λt+1

λt

[
et+1R

f
t

πt+1
− Rt
πt+1

]

Log-linearizing it, then we obtain equation (5) in the text, rewritten as below

χ∗
bb

∗
b̂∗t + ψ∗

b b
∗
[(
b̂∗t − b̂∗t−1

)
− β

(
Etb̂

∗
t+1 − b̂∗t

)]
= R̂ft + Etêt+1 − R̂t (A.1)

Equation (A.1) contains two cases.

When ψ∗
b = 0, it simplifies to

χ∗
bb

∗
b̂∗t = R̂ft (A.2)

This is the case of the standard PAC specification (the deviation cost). The solution

to equation (A.2) is

b̂∗t =
R̂ft
χ∗
bb

∗

When ψ∗
b ̸= 0, equation (A.1) can be written as a second-order difference equa-

tion:

βEtb̂
∗
t+1 −

(
1 + β +

χ∗
b

ψ∗
b

)
b̂∗t + b̂∗t−1 = − R̂ft

ψ∗
b b

∗ (A.3)
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The solution of this equation is given by

b̂∗t = λ1b̂
∗
t−1 + λ1

∞∑
i=0

(λ2)
−iEtR̂

f
t+i

ψ∗
b b

∗ (A.4)

where λ1 and λ2 are two characteristic roots of f (λ) = βλ2−
(
1 + β +

χ∗
b

ψ∗
b

)
λ+1 =

0:

λ1,2 =

1 + β +
χ∗
b

ψ∗
b

±

√(
1 + β +

χ∗
b

ψ∗
b

)2

− 4β

2β

Without loss of generality, we assume λ1 is the smaller characteristic root.

The case ψ∗
b ̸= 0 can be further divided into two subcases.

When ψ∗
b ̸= 0 and χ∗

b = 0, equation (A.3) simplifies to

ψ∗
b b

∗
[(
b̂∗t − b̂∗t−1

)
− β

(
Etb̂

∗
t+1 − b̂∗t

)]
= R̂ft

This represents the case with only delayed costs. For the two characteristic roots in

(A.4), λ1 = 1, and λ2 = β.

When ψ∗
b ̸= 0 and χ∗

b ̸= 0, equation (A.3) represents the case with both deviation

and delayed costs. The function f (λ) satisfies f (0) > 0, f (1) > 0, f
(
β−1

)
< 0,

and f (λ) > 0 for sufficiently large λ. Therefore, the two characteristic roots satisfy

0 < λ1 < 1 < β−1 < λ2.

Appendix B. Deriving Conditions of the Production Sector

Appendix B.1. Optimal Price Setting

From equation (25) in the text, the intermediate good producer chooses the

optimal price P̃t to maximize the discounted sum of its future profits when it cannot
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reoptimize:

Et
∞∑
j=0

βj
λt+j
Pt+j

[Pt+j(i)Yt+j(i)− (1− v)Wt+kNt+k(i)]

= Et
∞∑
j=0

(βθ)j
λt+j
Pt+j

[
P̃tYt+j(i)− Pt+jst+jYt+j(i)

]
= Et

∞∑
j=0

(βθ)j
λt+j
Pt+j

Yt+jP
ε
t+j

[
P̃t

1−ε
− Pt+jst+jP̃t

−ε]

Here the first equality uses the relations in equations (23) and (24), and the second

equality substitutes out for Yt(i) using equation (23).

Taking its derivative with respect to P̃t yields the following optimality condition:

Et

∞∑
j=0

(βθ)jλt+jYt+jP
ε−1
t+j

[
(1− ε) P̃t

−ε
+ εPt+jst+jP̃t

−ε−1
]
= 0

Dividing it by (1− ε) P̃t
−ε−1

P εt and substituting out for λt+j using equation (13),

Et
∞∑
j=0

(βθ)jλt+jYt+j
P ε−1
t+j

P εt

[
P̃t −

ε

ε− 1
Pt+jst+j

]
= Et

∞∑
j=0

(βθ)j
C−σ
t+j

pct+j
Yt+j

(
Pt+j
Pt

)ε [
P̃t
Pt+j

− ε

ε− 1
st+j

]

= Et
∞∑
j=0

(βθ)j
C−σ
t+j

pct+j
Yt+j(Xt,j)

−ε
[
p̃tXt,j −

ε

ε− 1
st+j

]
= 0

Here, p̃t =
P̃t
Pt

is the real optimal price, and Xt,j =


1

πt+jπt+j−1...πt+1
j ≥ 1

1 j = 0

.
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From the above condition we obtain

p̃t =

Et
∞∑
j=0

(βθ)j
C−σ
t+j

pct+j
Yt+j(Xt,j)

−ε ε

ε− 1
st+j

Et
∞∑
j=0

(βθ)j
C−σ
t+j

pct+j
Yt+j(Xt,j)

1−ε
=
Kt

Ft
(B.1)

Here,

Ft = Et
∞∑
j=0

(βθ)j
C−σ
t+j

pct+j
Yt+j(Xt,j)

1−ε

=
C−σ
t

pct
Yt + Et

∞∑
j=1

(βθ)j
C−σ
t+j
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Yt+j

(
1
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)1−ε
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Yt + βθEt

(
1
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Ft+1
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C−σ
t

pct
Yt + βθEt(πt+1)

ε−1Ft+1

and

Kt = Et
∞∑
j=0

(βθ)j
C−σ
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Yt+j(Xt,j)

−ε ε

ε− 1
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C−σ
t
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Yt

ε

ε− 1
st + Et
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(βθ)j
C−σ
t+j

pct+j
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1
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)−ε ε

ε− 1
st+j

=
C−σ
t

pct
Yt

ε

ε− 1
(1− v)

Wt

Pt
+ βθEt(πt+1)

εKt+1

From the optimality conditions ΦnNt
γ = λtwt and Ct

−σ = λtp
c
t ,

st = (1− v)
Wt

Pt
= (1− v)

ΦnNt
γ

λt
= (1− v)

ΦnNt
γpct

Ct
−σ
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Substituting it into the expression for Kt, we have

Kt =
C−σ
t

pct
Yt

ε

ε− 1
(1− v)

ΦnNt
γpct

Ct
−σ + βθEt(πt+1)

εKt+1

=
C−σ
t

pct
Yt

ε

ε− 1
(1− v)

ΦnNt
γpct

Ct
−σ + βθEt(πt+1)

εKt+1

=
ε

ε− 1
(1− v)ΦnYtNt

γ + βθEt(πt+1)
εKt+1

= ΦnYtNt
γ + βθEt(πt+1)

εKt+1

Appendix B.2. Aggregation

The aggregate price index is

Pt =
[∫ 1

0 Pt(i)
1−εdi

] 1
1−ε

=
[
(1− θ)P̃ 1−ε

t +
∫
P 1−ε
i,t di

] 1
1−ε

=
[
(1− θ)P̃ 1−ε

t + θP 1−ε
t−1

] 1
1−ε

Dividing both sides by Pt yields p̃t =
[
1−θπt(ε−1)

1−θ

] 1
1−ε

. Combining it with (B.1),

we have

Kt

Ft
=

[
1− θπt

(ε−1)

1− θ

] 1
1−ε

We follow the strategy of Yun (1996) to derive the relationship between aggregate

output (Yt) and aggregate labor (Nt). Define Y ∗
t =

∫ 1
0 Yi,tdi =

∫ 1
0 Ni,tdi = Nt.

Substituting out for Yi,t using Yt(i) =
[
Pt(i)
Pt

]−ε
Yt, we have

Y ∗
t =

∫ 1

0
Yi,tdi = Yt

∫ 1
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(
Pi,t
Pt

)−ε
di

= YtP
ε
t
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ε
t (P

∗
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55



Rearranging terms,

Yt =

(
P ∗
t

P

)ε
Y ∗
t = p∗tNt

Here,

p∗t =

[
(1− θ)

(
1− θπε−1

t

1− θ

) ε
ε−1

+
θπεt
p∗t−1

]−1

which represents the distortion of efficiency and satisfies p∗t

{
= 1 Pi,t = Pj,t

≤ 1 otherwise

.

Appendix C. Collecting the Equations

The equilibrium conditions are listed below. Nominal variables are scaled by

domestic goods price Pt and transformed to real ones, which are expressed in cor-

responding lowercase letters.

The equilibrium conditions related to the production sector are

Kt

Ft
=

[
1− θπt

(ε−1)

1− θ

] 1
1−ε

(C.1)

Kt =
ε

ε− 1
(1− v)ΦnN

γ
t Yt + βθEtπt+1

εKt+1 (C.2)

Ft =
C−σ
t

pct
Yt + βθEtπt+1

(ε−1)Ft+1 (C.3)

p∗t =

(1− θ)

(
1− θπε−1

t

1− θ

) ε
ε−1

+
θπεt
p∗t−1

−1

(C.4)

Yt = p∗tNt (C.5)

The first-order conditions of the household:

Ct
−σ = λtp

c
t (C.6)
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βEt

(
λt+1

λt

Rdt
πt+1

)
= 1 (C.7)

The resource constraint:

Yt = (1− ωc) (p
c
t)
ηCt +Xt +Gt − Γt +D +

1

2
χb
(
bt − b

)2
+

1

2
χ∗
b

(
b∗t − b

∗
)2

+
1

2
ψb(bt − bt−1)

2 +
1

2
ψ∗
b

(
b∗t − b∗t−1

)2
(C.8)

where Γt = Φm
(mt)

1−σm

1−σm

[
1 + Φb

Φm
(bt − bt−1)

]
.

The first-order condition of the bank with respect to bt:

−
[
Γb,t − χb

(
bt − b

)
− ψb (bt − bt−1)

]
= βEt

λt+1

λt

[
Γb,t+1 +

Rt
πt+1

− Rdt
πt+1

+ ψb (bt+1 − bt)

]
(C.9)

where Γb,t = Φb
(mt)

1−σb

1−σb and Γb,t+1 = −Φb
(mt+1)

1−σb

1−σb .

The first-order condition of the bank with respect to b∗t :

[
χ∗
b

(
b∗t − b

∗
)
+ψ∗

b

(
b∗t − b∗t−1

)]
= βEt
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λt

[
et+1R

f
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πt+1
− Rdt
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+ ψ∗
b

(
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The first-order condition of the bank with respect to mt:

− Γm,t = βEt
λt+1

λt

(
1

πt+1
− RDt
πt+1

)
(C.11)

where Γm,t = Φm(mt)
−σm +Φb(mt)

−σb (bt − bt−1).
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The equations connecting model variables:

pct =
(
(1− ωc) + ωc(p

m
t )

1−η
) 1
1−η

(C.12)

pmt = pctqt (C.13)

πct = πt

[
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m
t )

1−η

(1− ωc) + ωc
(
pmt−1

)1−η
] 1
1−η

(C.14)

Xt = (pmt )
ηfY f

t (C.15)

Cmt = ωc

(
pmt
pct

)−η
Ct (C.16)

qt
qt−1

= et
πft
πct

(C.17)

et = ψ
S̃t

S̃t−1

(C.18)

The BOP condition:

b∗t −
etR

f
t−1b

∗
t−1

πt
+ f∗t −

etR
f
t−1f

∗
t−1

πt
= Xt − pmt C

m
t (C.19)

The market clearing condition for domestic bonds:

bt + bct = bgt (C.20)

The treasury’s constraint:

bgt −
bgt−1

πt
+ tgt = Gt (C.21)

The central bank’s constraint:

f∗t −
etf

∗
t−1

πt
+ bct −

bct−1

πt
= mt −

mt−1

πt
(C.22)
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The FXI policy:

log (f∗t )− log (f∗) = XS log
(
S̃t

)
+ εft (C.23)

Monetary policy:

∆ logMt = ρm∆ logMt−1 + εmt (C.24)

where ∆ logMt ≈ m̂t − m̂t−1 + π̂t.

Appendix D. Calculating the Steady State

From equation (C.14), π =
Pt
Pt−1

= πc = π̄c (steady state of inflation target).

From equations (C.18) and (C.17), e = ψ and πf = πc

ψ , where πft =
P f
t

P f
t−1

is inflation

in foreign economy.

The domestic intertemporal Euler equation in (C.7) implies

β
Rd

πc
= 1

From equation (C.10), Rd = eRf . Rf and πf are linked by foreigners’ intertemporal

Euler equation, 1 = βR
f

πf . From equation (C.4), we obtain the Tack Yun distortion:

p∗ =

1− θπε

1− θ(
1− θπε−1

1− θ

) ε

ε− 1

.

Let Υ denote the ratio of assets to homogeneous output, then b̄∗ = Υ∗
bY , b̄ =
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ΥbY , b
c
= ΥcY , f∗ = Υ∗

fY , b
g
= ΥgY . Making use of (C.16), (C.19) becomes

X = pmωc

(
pc

pm

)ηc
C −

(
1

β
− 1

)(
Υ∗
b +Υ∗

f

)
Y (C.19)

Let ηg denote the share of government consumption in homogeneous output,

then G = ηgY . Then (C.8) reduces to

(1− ηg)Y = (1− ωc) (p
c)ηC +X (C.8)

Here we make use of the relation F − Γ (m, b)=0 in equation (26) of the text. That

is, the fixed cost F guarantees the operating cost at steady state is zero.

Substituting out for X in (C.8) using (C.15) and rearranging terms:

pcC =

[
(1− ηg) +

(
1

β
− 1

)(
Υ∗ +Υ∗

f

)]
Y

Using (C.2) and (C.3) to substitute out for K and F in equation (C.1):

ε(1− v)

ε− 1
ΦnN

1+γp∗pc =
(1− βθπε) p∗N(
1− βθπ(ε−1)

)
Cσ

[
1− θπ(ε−1)

1− θ

] 1
1−ε

After rearranging,

NγpcCσ =
1

Φn

(1− βθπε)(
1− βθπ(ε−1)

)[1− θπ(ε−1)

1− θ

] 1
1−ε

(C.1)

From (C.8), C =
(1−ηg)+

(
1
β−1

)
(Υ∗

b+Υ∗
f)

pc Y . Substituting it into (C.1),

Nγpc

[
(1− ηg) +

(
1
β − 1

) (
Υ∗
b +Υ∗

f

)
pc

Y

]σ
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=
ε− 1

ε(1− v)

1

Φn

(1− βθπε)(
1− βθπ(ε−1)

)[1− θπ(ε−1)

1− θ

] 1
1−ε

(C.1)

Then we have

N =

[
b2

(pc)1−σ(b1p∗)
σ

] 1
σ+γ

where

b1 = (1− ηg) +

(
1

β
− 1

)(
Υ∗
b +Υ∗

f

)
b2 =

1

Φn

(1− βθπε)(
1− βθπ(ε−1)

)[1− θπ(ε−1)

1− θ

] 1
1−ε

To ease calculation, in practice we assume σ = 1, and adjust Y f so that at

steady state, pc = pm = q = 1. From (C.5), Y = p∗N . From the above (C.8), we

obtain C = b1Y . From (C.15), we obtain X. From (C.11), m =
(

Φm

1−1/Rd

) 1
σm . And

from (C.9), R = Rd + Φb(1−β)π
β

m1−σm

σm−1 .

Appendix E. Log-linearization

We log-linearize the equilibrium conditions at the steady state of π = 1. The

log-linearized conditions are listed as below, with the symbol “̂ ” denoting the log

deviation of variables from steady state.

For the real economy:

− σ
(
Ĉt

)
− ωcp̂

m
t = λ̂t (E.1)

σ
(
Ĉt − EtĈt+1

)
+ R̂Dt −

[
Etπ̂t+1 + ωc

(
Etp̂

m
t+1 − p̂mt

)]
= 0 (E.2)

Etλ̂t+1 − λ̂t + R̂Dt − Etπ̂t+1= 0 (E.3)

π̂t = βEtπ̂t+1 +
(1− θ) (1− βθ)

θ

(
γN̂ + σĈt + ωcp̂

m
t

)
(E.4)

Y Ŷt = (1− ωc)C
(
Ĉt + ηωcp̂

m
t

)
+X

(
ηf p̂

m
t + Ŷ f

t

)
+GĜt − ΓΓ̂t (E.5)
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For the banking sector:

χ∗
bb

∗
b̂∗t + ψ∗

b b
∗
[(
b̂∗t − b̂∗t−1

)
− β

(
Etb̂

∗
t+1 − b̂∗t

)]
= Etλ̂t+1 − λ̂t + êt+1 + R̂ft − Etπ̂t+1 (E.6)

− Γb,1Γ̂b,t − βΓb,2EtΓ̂b,t+1 + χbbb̂t + ψbb
[(
b̂t − b̂t−1

)
− β

(
Etb̂t+1 − b̂t

)]
= βΓb,2

(
Etλ̂t+1 − λ̂t

)
+
(
Etλ̂t+1 − λ̂t + R̂t − Etπ̂t+1

)
(E.7)

− ΓmΓ̂m = β
(
Etλ̂t+1 − λ̂t − Etπ̂t+1

)
(E.8)

where Γ = Φm
(m)1−σm

1−σm , Γm = Φm(m)−σm , Γb,1 = Φb
(m)1−σb

1−σb , Γb,2 = −Φb
(m)1−σb

1−σb ,

Γ̂t = (1− σm) m̂t+
Φb
Φm

b
[
b̂t − b̂t−1

]
, Γ̂m = −σmm̂t+

Φb
Φm

b
(
b̂t − b̂t−1

)
, Γ̂b,t = (1− σm) m̂t,

Γ̂b,t+1 = − (1− σm) m̂t+1.

For the external sector:

êt = p̂mt − p̂mt−1 + π̂t − π̂ft (E.9)

êt =
̂̃
St −

̂̃
St−1 (E.10)

f
∗
f̂∗t − f

∗

β

(
êt + R̂ft−1 + f̂∗t−1 − π̂t

)
+ b

∗
b̂∗t −

b
∗

β

(
êt + R̂ft−1 + b̂∗t−1 − π̂t

)
= Xηf p̂

m
t − pmCm

[
Ĉt + p̂mt (1− ηc + ωcηc)

]
(E.11)

For the public sector:

∆ logMt = ρm∆ logMt−1 + εmt (E.12)

where ∆ logMt = m̂t − m̂t−1 + π̂t.

f∗f̂∗t − ef∗

π

(
êt + f̂∗t−1 − π̂t

)
+ bcb̂ct −

bc

π

(
b̂ct−1 − π̂t

)
= mm̂t −

m

π
(m̂t−1 − π̂t) (E.13)
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f̂∗t = Ŷt +XS
̂̃
St + εft (E.14)

bb̂t + b
c
b̂ct = b

g
b̂gt (E.15)

b
g
b̂gt −

bg

π

(
b̂gt−1 − π̂t

)
+ tg t̂gt = GĜt (E.16)

t̂gt = 0 (E.17)

Appendix F. The Effects of Monetary Policy

The model we have constructed in the text integrates the traditional Mundell-

Fleming model and the portfolio theory in an optimizing and dynamic framework.

The simple model structure allows us to put various policies—monetary, fiscal, ex-

change rate policies, and capital controls (represented by PACs)—in one framework

and investigate their role comprehensively.

Appendix F.1. Domestic vs. International OMOs

Svensson (2002) argues that an economy can escape the liquidity trap by buy-

ing reserves and depreciating the currency. This operation can be seen as OMOs

implemented in the international asset markets. Figure F.1 compares the effects of

OMOs in the markets of domestic and foreign bonds under flexible exchange rates.

The international OMO is actually the unsterilized FXI in Section 6, where

the central bank purchases foreign bonds using newly issued money. On the one

hand, the interest rate declines due to money creation. On the other hand, the

nominal exchange rate increases due to an over-demand for foreign bonds. For

the same degree of monetary expansion, an international OMO leads to a larger

depreciation of the domestic currency, whereas a domestic OMO leads to more

interest rate decline because of the decrease of domestic bonds. Which policy is

more expansionary depends on whether the interest rate or exchange rate channel
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Figure F.1: OMOs vs. International OMOs

Notes: This figure shows the responses of selected variables to a one percent increase in the annualized
money growth rate under a flexible exchange rate regime. χb = ψb = 0, χ∗

b = 0, ψ∗
b = 2.

dominates.

In Figure F.1, we set ψb = 0 so that the change of Rt coincides with that of

Rdt , which is determined by Φb. With a higher value of Φb = 1.5, the deposit rate

Rdt drops more so that OMOs are more expansionary than IOMOs; whereas with

a lower value of Φb = 0.5, the deposit rate Rdt drops less so that OMOs are less

expansionary than IOMOs.

Appendix F.2. Alternative Exchange Rate Policies

Figure F.2 compares the effects of monetary expansion under alternative ex-

change rate regimes. The effect under the flexible exchange rate is like before.
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Monetary expansion leads to a depreciation, so that exports grow; it also leads to

the fall of domestic bonds, resulting in further interest rate declines, which raise

consumption. The two factors combined lead to output growth.

Under the fixed exchange rate, the pressure of depreciation transforms to a

decumulation of reserves according to the feedback rule in equation (31). In the case

of unsterilized intervention, domestic currency decreases along with FX reserves in

equation (30). This partially offsets the initial money growth, so that monetary

policy loses its independence to a large extent. Therefore, output and inflation

increase the least among the three cases.

In the case of sterilized intervention, the decrease in FX reserves leads to further

declines of domestic bonds in equation (30) beyond those generated by the OMO. As

a result, nominal interest rates decrease more than in the case of flexible exchange

rates, and therefore consumption rises more. The rise of consumption leads to an

increase in imports, resulting in a decrease in net exports and a current account

deficit. At the same time, due to the fall of domestic interest rates, capital outflows

generate a deficit in the financial account (excluding reserves). The double deficits

in the trade and financial accounts jointly lead to a decrease in FX reserves, which

is the largest drop in the three cases.

Sterilized intervention intends to isolate the domestic economy from external

shocks, making it closer to a closed economy. Therefore, monetary policy maintains

a higher degree of independence and generates a larger expansionary effect than

the case of unsterilized intervention. As shown in Figure F.2(a), a higher value of

Φb = 0.5 implies the deposit rate Rdt drops more, and the expansionary effect is

even larger than the case of flexible exchange rates. On the contrary, a lower value

of Φb = 0.1 generates a smaller expansionary effect than the flexible exchange rate

case, as shown in Figure F.2(b). This conclusion is robust to alternative parameter
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Figure F.2: OMOs Under Alternative Exchange Rate Policies

Notes: This figure shows the responses of selected variables to a one percent increase in the annualized
money growth rate. χb = ψb = 0, χ∗

b = 0, ψ∗
b = 2.

66



values of ψ∗
b . A lower value of ψ∗

b = 0.12 implies a low degree of capital controls

and a high level of cross-border capital flows. In this case monetary policy is nearly

ineffective for unsterilized intervention, but still effective for sterilized intervention.

The analysis in this section illustrates the advantage of our model over the

traditional Mundell-Fleming model. Since we have introduced adjustment costs to

generate imperfect substitution between domestic and foreign bonds, it is feasible to

compare domestic and international OMOs, differentiate sterilized from unsterilized

FXI policies for maintaining the fixed exchange rate.

Appendix G. The Effects of Fiscal Policy

We have investigated shocks to financial markets previously. In this section

we study a shock to the real sector—the government spending shock. We show

how the two factors—portfolio adjustment costs and foreign exchange interven-

tion—combined to influence the effects of fiscal policy.

Appendix G.1. Introducing Hand-to-mouth Households

To generate larger fiscal multipliers, we introduce hand-to-mouth (H2M) house-

holds following Farhi & Werning (2016). Assume that a fraction 1−λ of households

is represented by neoclassical, “Ricardian” households, defined in Section 4; the re-

maining fraction λ is replaced with H2M households, who are excluded from financial

markets and earn only labor income.

The feedback of H2M households on aggregate demand constitutes the main

mechanism of amplification in the TANK (two-agent New Keynesian) model of

Bilbiie (2008). Although government spending squeezes out the consumption of

Ricardian households, it raises aggregate demand, which in turn raises wage levels

and labor income of H2M households. Since H2M households merely consume their
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labor income, this has a further expansionary effect on aggregate demand, thus shift-

ing labor demand and raising the wage further, and so on. Therefore, government

spending leads to more output growth compared with the standard NK model.

Appendix G.1.1. Ricardian Households

The Ricardian household maximizes

E0

∞∑
t=0

βt
[
Ct

1−σ

1− σ
− Φn

Nt
1+γ

1 + γ

]

subject to

BD
t

1− λ
+ P ct Ct ≤

BD
t−1

1− λ
Rdt−1 +WtNt +

Tt +Πt +Ωt
1− λ

Each household has
Bd

t
1−λ deposits in the commercial bank. The remaining parameters

are the same as the main text.

Scaling the budget constraint using domestic goods price Pt, we obtain

Rt−1

1− λ

bt−1

πt
+ wtNt +

Tt +Πt +Ωt
(1− λ)Pt

−
(

bt
1− λ

+ pctCt

)
≥ 0

The first-order conditions are

Ct
−σ = λtp

c
t

λt = βλt+1
Rdt
πt+1

ΦnNt
γ = λtwt

which are the same as conditions (13), (14), and (15).
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Appendix G.1.2. Hand-to-mouth Households

The hand-to-mouth household maximizes

(
CHt
)1−σ

1− σ
− Φn

(
NH
t

)1+γ
1 + γ

subject to

P ct C
H
t ≤WtN

H
t

where CHt and NH
t are consumption and labor supply of hand-to-mouth households.

CHt is a composite consumption index defined by

CHt =

[
(1− ωc)

1
η
(
CH,dt

)1− 1
η
+ ωc

1
η
(
CH,mt

)1− 1
η

] η
η−1

The first-order conditions are

1(
CHt
)σ + λHt P

c
t = 0

ΦHn
(
NH
t

)γ
+ λHt Wt = 0

Eliminating λHt , we obtain

ΦHn
(
NH
t

)γ(
CHt
)σ

=
Wt

P ct
=
wt
pct

Appendix G.1.3. Additional Equations

We add 5 equations to the baseline model:

Yt = (1− λ)Nt + λNH
t (G.1)

CTt = (1− λ)Ct + λCHt (G.2)
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Φn
(
NH
t

)γ(
CHt
)σ

=
wt
pct

(G.3)

Φn(Nt)
γ(Ct)

σ =
wt
pct

(G.4)

pctC
H
t = wtN

H
t (G.5)

corresponding to 5 variables: Nt, N
H
t , CTt , C

H
t , wt. Among them, CTt is aggregate

consumption, which replaces Ricardian consumption Ct in equations (C.8), (C.16).

The steady states of the new variables satisfy Y = N = NH = NT and CT =

C = CH .

Appendix G.2. Alternative Degrees of Capital Mobility

From equation (34), government spending can be financed through printing

money, issuing interest-bearing debt, lump-sum taxation, or selling FX reserves. In

this section, we assume that government spending is financed through the issuance

of government bonds. That is,

Bg
t −Bg

t−1 = PtGt

Here, Bg
t can be held by the central bank (Bc

t ) or the commercial bank (Bt) owned

by the Ricardian household, as shown in equation (26) in the text. We also assume

that the debt interest is paid through lump-sum taxes on the Ricardian household.14

Figure G.1 compares the impact of capital flows on fiscal policy under flexible

exchange rates. We set the share of the H2M households λ to 0.3. The two param-

eters σm and Φb determine the change of nominal interest rates. Fiscal expansion

increases output and inflation, and thus affects nominal interest rates. On the one

14For a more general discussion, see chapter 4 of Walsh (2017).
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Figure G.1: Fiscal Policy Under Alternative Degrees of Capital Mobility

Notes: This figure shows the responses of selected variables to a one percent increase in government
spending under alternative PACs for foreign bonds. λ = 0.3, χb = ψb = 0, Φb = 0.1, and χ∗

b = 0.

hand, the rise in the price level leads to a proportional decrease of mt and bt in

equation (20). With a larger coefficient, the effect of mt dominates and leads to

an increase of Rdt . On the other hand, the financing of government spending leads

to an increase in domestic bond supply, which also raises Rdt . The rise of domestic

interest rates leads to capital inflows, that is, a decrease of b∗t in equation (19).

The exchange rate is determined in the BOP condition (29) with η and ηf

affecting the trade balance and ψ∗
b affecting the magnitude of capital flows. A smaller

value of ψ∗
b = 0.12 represents the case with few capital controls or financial frictions,

in which a rise of interest rates brings large capital inflows. In this case, the nominal

exchange rate is mainly determined by the financial account. Therefore, domestic

currency appreciates and the net exports on the right-hand side of equation (29)
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decrease. (In the terminology of the Mundell-Fleming or IS-LM-BP model, the BP

curve is flat, which means only a small rise of interest rates is needed for attracting

capital inflows to compensate for the current account deficit.)

The values ψ∗
b = 1 and ψ∗

b = 5 represent cases with lower levels of capital flows.

The domestic currency appreciates less or even depreciates, so that exports decrease

less or increase, and the expansionary effect of government spending is larger. (In

the terminology of the IS-LM-BP model, the BP curve is steeper than the LM curve.

The rise of interest rates is not enough to compensate for the current account deficit,

so that the domestic currency depreciates and the IS and BP curves shift to the right,

resulting in an output expansion.)

Appendix G.3. Alternative Exchange Rate Policies and Debt Monetization

Figure G.2 compares the effects of fiscal expansion under alternative exchange

rate policies. We set σm = 10, Φb = 0.1, and ψ∗
b = 5. A higher value of ψ∗

b

implies the BP curve is steeper than the LM curve. The response under the flexible

exchange rate is like that in Figure G.1: the interest rate rises but is not enough for

capital inflows to compensate for the current account deficit, so domestic currency

depreciates, and the crowding-out effect of government spending is minimalized.

Under the fixed exchange rate, the tendency to depreciate leads to a decumu-

lation of FX reserves. With unsterilized intervention, money decreases so that the

nominal interest rate rises the most among the three cases, and output expands

the least. With sterilized intervention, domestic bonds (Bt) decrease to isolate the

impact of cross-border capital flows. This dampens the rise of the nominal rate in

equation (20). Therefore, the interest rate rises the least among the three cases,

so that consumption increases the most. This makes its output multiplier higher

than the case of unsterilized intervention. However, exports are low due to the fixed
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Figure G.2: Fiscal Policy Under Alternative Exchange Rate Policies

Notes: This figure shows the responses of selected variables to a one percent increase in government
spending under alternative exchange rate regimes. λ = 0.3, χb = ψb = 0, Φb = 0.1, χ∗

b = 0, and ψ∗
b = 5.

exchange rate, so the fiscal multiplier is lower than the case of flexible exchange

rates.

Alternative exchange rate policies imply different forms of fiscal deficit financing.

The increase of Bg
t in equation (26) can be met with an increase of Bt or B

c
t . For

the cases of flexible exchange rates and unsterilized intervention, Bc
t is unchanged,

and Bt increases with Bg
t , implying government expenditures are financed by the

commercial bank held by the Ricardian household. For the case of sterilized inter-

vention, Bt increases less than Bg
t because according to equation (30), the central

bank holds more government bonds Bc
t to offset the decline in FX reserves. This im-

plies government spending is partially financed by the central bank, which is referred
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to as the monetization of fiscal deficits.

Figure G.3 further examines the relationship between exchange rate policies and

the financing forms of fiscal deficits. With Bt unchanged in equation (26), the

increase in Bg
t is entirely absorbed by Bc

t , which leads to the increase of Mt in (30),

thus resulting in a significant expansion of output. Especially in the case of flexible

exchange rates, in which the increase of Mt is not offset by the decline of F ∗
t , the

fiscal multiplier is much higher than the case of flexible exchange rates, which is the

most expansionary scenario in Figure G.2.
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Figure G.3: Exchange Rate Policies and Monetization of Fiscal Deficits

Notes: This figure shows the responses of selected variables to a one percent increase in government
spending with alternative forms of deficit financing. λ = 0.3, χb = ψb = 0, Φb = 0.1, χ∗

b = 0, and ψ∗
b = 2.

To summarize, the effectiveness of government spending is affected by monetary

and exchange rate policies, which also affect its financing forms. We have obtained
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this result by assuming a lower value of Φb = 0.1 and a higher value of ψ∗
b = 2 or 5.

A similar conclusion can be drawn when the parameterization implies the BP curve

is flatter than the LM curve.
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