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Abstract While there is a large literature analyzing optimal monetary policy in the

context of a small open economy, little attention has been focused on the distributional

implications of those policy choices. We develop a heterogeneous agent model that distin-

guishes households by their sources of income and incorporates different degrees of financial

frictions faced by households. The model enables us to jointly examine the aggregate welfare

implications as well as the distributional effects of monetary policy choices. We show that

monetary policy rules can lead to significant distributional consequences and these distribu-

tional effects tend to be larger in developing countries relative to advanced economies due

to underdeveloped financial markets and limited access to those markets. In particular, we

find robust evidence that when financial frictions are strong, exchange rate management

generates large welfare gains for the working class whereas interest rate smoothing benefits

capital owners at the cost of the labor households.
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1 Introduction

In advanced economies, monetary policy appears to have become the main line of defense

against macroeconomic shocks. With their economies becoming increasingly complex and

more financially open, monetary policy has also moved to the center stage in the policy

toolkit of developing economies. Monetary policy analysis for developing economies has tra-

ditionally been conducted with open economy extensions of models that are mainly relevant

for advanced economies. Emerging market economies have certain structural features that

cannot easily be captured in such models. Incomplete and underdeveloped financial markets,

low levels of financial access, and weak monetary transmission mechanisms are among the

features that are typical to developing economies. These factors make the effectiveness of

monetary policy and even its effects on real and nominal variables harder to discern.

An additional dimension that has only recently started getting attention in academic

circles concerns the distributional consequences of monetary policy. While there is a debate

about the magnitude of these effects in advanced economies, distributional consequences of

monetary policy are likely to be of first-order importance in developing economies, given

the underdeveloped financial system. In terms of firm ownership, limited accessibility to

the capital market leads to a higher level of ownership concentration. Thus, the gross

capital return will not be distributed equally among all households; instead, it goes to a

smaller group of capital owners. Furthermore, incomplete financial markets, coupled with

insufficient access to formal financial institutions, limit households’ ability to insure against

idiosyncratic (household-specific) shocks and magnify the distributional effects of aggregate

macroeconomic fluctuations that may initially have only small effects.

Our research develops a class of models to study the distributional consequences of mon-

etary policy in developing economies. While these models also have general applicability for

advanced economies, that is not the immediate focus of our research. In this paper, we plan

to analyze one specific contemporary policy issue that central bankers in emerging market

economies face, that is, nominal exchange rate management. While many of these economies
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have chosen to abandon pegged exchange rate regime, nominal exchange rate is still a ma-

jor concern for those central bankers. Developing countries often face sharp exchange rate

volatility in the short run due to shocks in the terms of trade, risk premium, productivity,

and most recently, the impact of unconventional monetary policy actions of advanced econ-

omy central banks. For instance, the U.S. Federal Reserve’s quantitative easing operations

may have led to increased capital flows into emerging markets and the subsequent tapering

of those operations has led to a reversal of some of those flows.

As a result, central bankers in developing economies, fearful of exchange rate overshooting

in the short run (due to surges in capital inflows) and the effects this could have on the

competitiveness of their exports, have attempted to limit nominal exchange rate appreciation.

Many of them adopt a policy of “leaning against the wind” to limit what they view as

excessive exchange rate volatility but otherwise not actively resisting currency appreciation

(or depreciation). We find evidence that this type of monetary policy rule can generate large

welfare gains when financial frictions are strong.

This policy choice has significant distributional consequences, particularly on account

of financial frictions and household heterogeneity in emerging market economies. In an

economy in which the interests of firm owners are given prominence for political economy

reasons, a policy attempting to keep the interest rate stable can help stabilize relative prices

and increase the welfare of capital owners. However, this policy also tends to be tolerant

of inflation and it can have negative consequences for the working class and could even

reduce aggregate welfare. Productive firms are also more likely to be owned by households

with high net worth, which further exacerbates these distributional effects. In fact, we find

that interest rate smoothing is welfare-enhancing for capital owners, at the cost of labor

households.

In this paper, we develop a theoretical model that allows us to evaluate the distributional

effects under different monetary policy choices in a small open economy setting. The special

features that we incorporate into the model make it especially relevant for the analysis
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of monetary policy in emerging market economies. The main features of the basic model

include heterogeneous households, incomplete financial markets, and two sectors-tradable

and nontradable goods. With this model, we evaluate a range of operational monetary

policy rules in terms of their aggregate as well as distributional implications. While it is

not our primary objective to find optimal policy rules (which could be complex and hard

to implement in practice), we can also characterize the implications of various operational

rules under different forms of aggregation of individual households’ welfare into an aggregate

welfare criterion.

The rest of the paper is organized as follows. In section 2, we briefly summarize the

relevant prior literature. The baseline model is discussed in section 3 and the equilibrium

conditions are discussed in section 4. The computational methods and impulse response

functions are presented in section 5 and in section 6 we conduct a comparative welfare

analysis of policy making under alternative monetary policy rules and model environment.

Section 7 contains concluding remarks.

2 Relevant Literature

Our work builds upon three existing strands of research: distributional effects of monetary

policy in advanced economies, open economy macroeconomics, and heterogeneous agent

models.

Interest in the distributional effects of U.S. monetary policy has been revived by a handful

of important new papers. In an early contribution, Romer and Romer (1998) examine the

effects of monetary policy on the poor. They document that inflation and macroeconomic

instability are correlated with increases in measures of inequality. Coibion et al. (2012) argue

that contractionary monetary policy increases inequality through two other channels–wage

distribution and financial income. Brunnermeier and Sannikov (2012) tackle the issue from

the aspect of financial institutions and show how monetary policy has distributional effects
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by affecting interest rates and the yield curve.

The new open economy macroeconomics initiated by Obstfeld and Rogoff (1995) serves as

our modeling foundation. This approach allows us to study the macroeconomic response to

various external shocks conditional on flexible monetary policy rules. Recent examples of the

dynamic stochastic general equilibrium (DSGE) framework we employ in the paper can be

found in Clarida, Gali, and Gertler (2002) and Corsetti, Dedola, and Leduc (2011). Gali and

Monacelli (2005, 2008) study a small open economy as a country in a world with a continuum

of countries. Benigno and Thoenissen (2008) present a model with nontradable goods but

without nominal rigidities. Papers that use similar DSGE models to study emerging market

economies include Aguiar and Gopinath (2007) and Anand and Prasad (2012).

In order to study distributional effects, heterogeneity across households is an important

feature that needs to be included in the model. One approach is to introduce idiosyncratic

labor income shocks as in Krusell and Smith (1998). Alternative approaches to modeling

heterogeneity include the assumption of differential access to financial markets, as in Gali,

Lopez-Salido, and Valles (2004). Recent progress in examining the distributional effects

of fiscal and monetary policies can be found in McKay and Reis (2012) and Gornemann,

Kuester, and Nakajima (2012).

3 Baseline Model

Our baseline model is a small open economy model with tradable and non-tradable goods

production sectors. The reason for distinguishing between these two sectors is that the types

of monetary policy choices we have in mind, especially concerning exchange rate policy, have

asymmetric effects across these two sectors. In addition to the distinction between tradable

and nontradable goods, domestic and foreign tradable goods are further differentiated so the

real exchange rate and terms of trade can be written as functions of a set of relative prices.

Furthermore, we introduce heterogeneity among households by separating them into three
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groups based on their primary source of income: capital owners in the tradable goods sector,

capital owners in the non-tradable goods sector, and labor. We denote their weights in the

population as λ1, λ2, and λ3, which sum up to one. While the first two types of households

supply both labor and sector-specific capital, the third group has no access to the capital

market and thus only supplies labor. We further assume that in each sector, production

utilizes labor and the sector-specific capital.

3.1 Preferences

Households are infinitely lived and maximize their lifetime utility. For example, the

utility function for a labor household is given by:

max E0

∞∑
t=0

βt

(
CL
t
1−σ

1− σ
− ψL

NL
t
1+φ

1 + φ

)
, (1)

where CL
t denotes consumption in period t, NL

t is the labor supply, and the superscript L

denotes the household type. The parameter β is the intertemporal discount factor and σ is

the risk aversion coefficient embedded in the CRRA utility function for consumption. ψL is

the type-specific disutility for labor and is pinned down by the steady state labor supply. φ

is the Frisch elasticity of labor supply.

Similarly, the utility function for a representative household that owns capital in the

nontradable goods sector is given by:

max E0

∞∑
t=0

βt

(
CN
t

1−σ

1− σ
− ψN

NN
t

1+φ

1 + φ

)
, (2)

which is similar to the previous expression, except that the disutility for labor supply is

assigned as ψN to pin down the steady state labor supply. CN
t is consumption for the capital

owner in the nontradable goods sector and NN
t is the labor supply.

The utility function for a representative household that owns capital in the tradable
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goods sector is given by:

max E0

∞∑
t=0

βt

(
CH
t

1−σ

1− σ
− ψH

NH
t

1+φ

1 + φ

)
, (3)

which is similar to the previous expression, except the disutility for labor supply is assigned

as ψH to pin down the steady state labor supply. CH
t is consumption for the capital owner

in the tradable goods sector and NH
t is the labor supply.

3.2 Financial Frictions

Financial frictions are pervasive in emerging market economies and often play an im-

portant role in the monetary policy transmission mechanism. The distributional effects of

monetary policy tend to be amplified when financial frictions are stronger and intertemporal

risk-sharing is limited.

There are two channels for financial frictions to play a role in our model. First, the

accessibility to the capital market is greatly limited so the capital stock used for production

is not owned by the entire population. The empirical evidence shows that stock market

participation rate can be as low as 20 percent in developed countries, not to mention the

underdeveloped capital market in emerging markets (Guiso, Sapienza and Zingales, 2008;

Das and Mohapatra, 2003). Therefore, it is reasonable to assume that firms are owned

and managed by a small group of households, which in our model are type H and type N

households, the capital owners.

Second, we assume that there is a holding cost for the risk-free bond, which reflects the

real world financial frictions in borrowing and lending (Anand and Prasad, 2010; Gali, Lopez-

Salido and Valles, 2004). The holding cost pushes up the cost of borrowing and reduces the

turn from saving, which effectively creates a wedge for risk-free asset investment. In the

baseline version of the model, this cost is assumed to be negligible and identical across

households. The parametric formulation of the financial friction will allow us to impose
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different degrees of financial frictions across different household types in extended versions

of the model, which is more convenient than the hand-to-mouth consumer assumption.

3.3 Budget constraint

The budget constraint for households differs in terms of their income sources. While all

households earn income from labor wages and returns from risk-free bond holdings, capital

owners also generate income from returns on capital and firm profits. We assume that

capital and investment are sector-specific, which tend to be especially realistic for developing

countries.1 Moreover, we also assume that the profit of firms in each sector goes to capital

owners in the sector respectively.2

Therefore, for capital owners incomes include bond holdings, capital returns, labor wages,

and firm profits. Capital owners also determine the level of investment at each period for

the sector they are in. Kk is the capital stock, Ik is the level of investment, and Πk
t is the

profit earned by firms, all in sector k. For financial assets, Bk is the bond holding for capital

owners and ψB is the portfolio holding cost relative to the long-run steady state. Rt is the

return from risk-free bonds and rkt is the real return from capital in sector k.

Ck
t + Ikt +

Bk
t

Pt
+
ψB
2

(
Bk
t

Pt
)
2

= Rt−1
Bk
t−1

Pt
+ rktK

k
t +

Wt

Pt
Nk
t +

Πk
t

Pt
, k ∈ {H,N} (4)

Kk
t+1 =

(
1− τ

2

(
Ikt
Ikt−1
− 1

)2
)
Ikt + (1− δ)Kk

t , k ∈ {H,N} (5)

For labor households, income source includes only wage earnings and bond holdings, and

it is given by:

CL
t +

BL
t

Pt
+
ψB
2

(
BL
t

Pt
)
2

= Rt−1B
L
t−1 +

Wt

Pt
NL
t (6)

1The agricultural and manufacturing product tend to be tradable while the rest are not. Given the
industrial structure in emerging markets, the capital used in tradable and nontradable goods production
tend to be very different. See Arellano et al. (2009) for further discussion.

2The profit is defined as revenues minus labor wages and capital returns. While the profit at the steady
state is zero, it fluctuates in business cycles due to nominal rigidities in New Keynesian models.
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3.4 Optimal Expenditure

The final consumption good consists of a variety of differentiated goods and, based on

the following preference structure, households make optimal expenditure decision given the

relative prices. This structure serves as the foundation to generate nominal rigidities.

The final consumption good is a composite of tradable and nontradable goods in the

form of, a constant elasticity of substitution (CES) function. The elasticity of substitution

between tradable and nontradable goods is ξ and the steady state share of tradable goods

consumption in total consumption is given by b.

Ct = (b
1
ξ cT,t

ξ−1
ξ + (1− b)

1
ξ cN,t

ξ−1
ξ )

ξ
ξ−1 (7)

Tradable goods consist of domestically produced and imported commodities, also with a

CES functional form. The elasticity of substitution between the two sets of goods is equal

to η and the steady state proportion of consumption for domestic goods is a.

CT,t = (a
1
η cH,t

η−1
η + (1− a)

1
η cF,t

η−1
η )

η
η−1 (8)

Domestic goods consumption CH,t is defined as a composite good from a continuum of

variety with measure one. The elasticity of substitution across varieties is assumed to be ε

for all kinds of composite goods.

CH,t ≡
(∫ 1

0

CH,t(j)
ε−1
ε dj

) ε
ε−1

(9)

Foreign goods consumption is given by the aggregation of goods produced by a continuum

of countries. The elasticity of substitution between the products of any two countries is

assumed to be the same and equal to γ.

CF,t ≡
(∫ 1

0

Ci
t

γ−1
γ di

) γ
γ−1

(10)
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The composite good produced by country i, similar to the domestically produced goods,

is made of a variety of goods with elasticity of substitution ε.

Ci
t ≡

(∫ 1

0

Ci
t(j)

ε−1
ε dj

) ε
ε−1

(11)

The nontradable goods is also made of a variety of goods and added up with a CES

functional form. It has the same level of elasticity of substitution ε as the above one.

CN,t ≡
(∫ 1

0

CN,t(j)
ε−1
ε dj

) ε
ε−1

(12)

Given the consumption preference of households, the demand for various consumption

goods can be written as a function of aggregate consumption and prices. The optimal

allocation of expenditure of each variety of country i goods can be given as:

Ci
t(j) =

(
P i
t (j)

P i
t

)−ε
Ci,t (13)

The price indices can then be formulated as follows. The domestic price tradable goods

index is PH,t ≡
∫ 1

0
PH,t(j)

1−εdj)
1

1−ε and the price index for country i P i
t ≡ (

∫ 1

0
P i
t (j)

1−εdj)
1

1−ε .

The case for nontradable goods is similar. The optimal consumption of each variety is

given by:

CN,t(j) =

(
PN,t(j)

PN,t

)−ε
CN,t (14)

while the price index is PN,t ≡ (
∫ 1

0
PN,t(j)

1−εdj)
1

1−ε .

Similarly, we can construct the aggregate imported consumption:

Ci
t(j) =

(
P i
t

PF,t

)−γ
CF,t (15)

and the price index is PF,t ≡ (
∫ 1

0
P i
t
1−γ

di)
1

1−γ .

Then, we derive the optimal consumption allocation between home and foreign goods as
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a function of prices and the consumption of aggregate tradable goods. The aggregate price

index is given as: PT,t ≡ [a(PH,t)
1−η + (1− a)(PF,t)

1−η]
1

1−η .

CH,t = a

(
PH,t
PT,t

)−η
CT,t (16)

CF,t = (1− a)

(
PF,t
PT,t

)−η
CT,t (17)

The allocation between tradable and nontradable goods is

CT,t = b

(
PT,t
Pt

)−ξ
Ct (18)

CN,t = (1− b)
(
PN,t
Pt

)−ξ
Ct (19)

Total expenditure is given by: PT,tCT,t + PN,tCN,t = PtCt

3.5 Households’ Optimality Condition

Each period, all households choose consumption, labor supply, and bond holding po-

sitions. In addition, capital owners also choose the level of investment. The intra-period

labor-consumption trade-off is given by the following equation, which equates the marginal

utility of consumption with the marginal disutility of labor supply.

ψiC
i
t

σ
N i
t

φ
=
Wt

Pt
, i ∈ {H,N,L}. (20)

The following Euler equation characterizes the intertemporal choice of consumption.

Households equate the marginal utility of consumption across time periods after adjust-

ing for the discount factor and returns from saving. This is where financial frictions play an

important role because the portfolio holding cost restricts the ability to smooth consumption

intertemporally and hedge against risks. The intertemporal Euler equation includes a wedge
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on the interest rate due to the quadratic portfolio holding cost.

Et

[
βt

Rt

1 + ψBB
j
t

(
Pt
Pt+1

)(
Cj
t+1

Cj
t

)−σ]
= 1, j ∈ {H,N,L} (21)

So far, the parameter ψB is assumed to be constant across household groups and negli-

gible. In an extended version of the model, we allow it to be different across households in

order to capture differences across household types in their degrees of market access. Larger

financial frictions imply a higher level of portfolio costs, which lowers the return on savings

and increases the cost of borrowing faced by the the household.

In addition, capital owners also need to choose the optimal level of investment, which is

determined by the following two optimality conditions, where k refers to the sector. The first

equation is a standard intertemporal Euler equation for the holding of capital stock, where

qkt refers to the price of capital in sector k at time t. It helps determine the equilibrium price

of capital. The second equation indicates the optimal level of investment by equating the

cost and benefit of investment.

qkt = βEt(
Ck
t

Ck
t+1

)σ(rkt+1 + qkt+1(1− δ)) (22)

1 = qkt

(
1− τ

2

(
Ikt
Ikt−1
− 1

)2

− τ
(
Ikt
Ikt−1
− 1

)
Ikt
Ikt−1

)
+βEt(

Ck
t

Ck
t+1

)σqkt+1τ(
Ikt+1

Ikt
−1)(

Ikt+1

Ikt
)

2

(23)

3.6 International Financial Markets

Given the modeling environment as a small open economy, external shocks are of consid-

erable importance. In this section, we characterize the terms of trade, the nominal and real

exchange rates, and the uncovered interest rate parity condition. Then, we link them with

the key domestic variables to characterize price dynamics more comprehensively.
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Terms of Trade. The terms of trade plays an important role in a small open economy.

We define the terms of trade for the Home country as the price of exports over imports, that

is, St =
PH,t
PF,t

, where PF,t is the price of imported goods measured in terms of the domestic

currency. The following equation links the terms of trade to the real exchange rate and

inflation:

St
St−1

Qt

Qt−1

πH,t
πt

= 1 (24)

Uncovered Interest Rate Parity. For a small open economy, the international pre-

vailing interest rate R∗t is linked to the domestic interest rate through this channel. The

international prevailing interest rate (including risk premium) R∗t follows the AR(1) process

listed below:

R∗t = R∗ea
r
t (25)

art = ρfa
r
t−1 + εr,t (26)

International risk sharing takes place through trade in the riskless bond, which also helps

determine the nominal exchange rate. Although the financial market lacks enough state-

contingent claims to be complete, uncovered interest rate parity (UIP) can still be achieved

through non-arbitrage condition.

Et[
R∗t
Rt

εt+1

εt
] = 1 (27)

Real Exchange Rate. The real exchange rate is defined as Qt = εt
P ∗
t

Pt
, where εit is the

nominal effective exchange rate (NEER) and P ∗t is the price level in the rest of the world

denoted in foreign currency. In this setup, only the real exchange rate will affect international

trade. Similar to the UIP for nominal exchange rate, we have the following condition for the

real exchange rate:
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Et[
R∗tπt+1

Rtπ∗t+1

Qt+1

Qt

] = 1 (28)

Relative Price of Nontradable Goods. In an open economy setting, domestic prices

are intertwined with the variables we have defined earlier. The relative price of the nontrad-

able goods can be expressed in terms of other key prices, i.e. inflation and the terms of

trade. As a result, we can now pin down the whole set of prices in the dynamic system.

xt = xt−1
πN,t
πH,t

[a+ (1− a)Sη−1t−1 ]
1

1−η [a+ (1− a)Sη−1t ]
1

η−1 ; (29)

Detailed derivation of these relationships can be found in the technical appendix.

3.7 Production

The production differs across sectors in the sense that capital is sector-specific, though

labor is mobile. Due to the fundamental differences between tradable and nontradable

goods sectors, it is a plausible assumption to make. Furthermore, we assume that the

production follows the standard Cobb-Douglas form so our model does not deviate from

standard framework by much.

For firm j in the tradable or the nontradable sector, the production function is given by:

Y k
t (j) = AktK

k
t (j)αkNk

t (j)1−αk , k ∈ {H,N} (30)

The production follows is a standard Cobb-Douglas form with the capital income share

being αk. Therefore, the production is constant return to scale. While the capital is sector

specific and owned by the specific type of household, the labor is mobile and supplied by all

households.

Firms face sector-wide productivity shocks so there is a sector-specific technology term

AHt and ANt in their production functions. The productivity shock follows the following
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AR(1) process.

Akt = Akea
k
t , k ∈ {H,N} (31)

akt = ρaa
k
t−1 + εka,t, k ∈ {H,N} (32)

We assume monopolistic competition and staggered price setting in both sectors, which

gives rise to nominal rigidities and provides a role for monetary policy to influence welfare.

More specifically, we assume staggered price setting for both sectors so that only a portion

of firms, denoted by 0 < θ < 1, can reset their prices each period so it takes some time for

the general price level to adjust. The existence of nominal rigidities allows central banks to

temporarily affect the real exchange rate by managing the nominal exchange rate. However,

prices will eventually adjust to the level such that the real exchange rate reaches its long-run

equilibrium even if the nominal exchange rate is fixed.

Firms set their prices in a staggered manner, à la Calvo (1983). Since in each period a

proportion of θ firms cannot change their prices, firms maximize the discounted expected

profits taking the price stickiness into consideration. Furthermore, while the output levels

are different across firms, both of the production functions are constant return to scale.3

max
Pk,t

Et

∞∑
s=0

{
(βθ)s

(
Ck
t+s
−σ

Pt+s

)
[Pk,t(j)−MCk,t+s]Yk,t+s(j)

}
, k ∈ {H,N}

Firms maximize the above expression by setting prices in a forward-looking manner, and

future profits are discounted according to the household-specific discount factor.4 Substitut-

ing out the firm level output by the demand function and taking the first order condition, it

3The constant return to scale (CRS) property greatly simplifies the derivation of Calvo pricing. For a
CRS production function, the marginal cost of production only depends on factor input prices but not the
quantity of production. As a result, the marginal cost within each sector is identical across firms so the
optimally chosen price is the same for all firms that are allowed to reset price.

4The above equation includes marginal utility Ck
−σ

because for firms in each sector, the discount factor
is chosen to be that of the capital owners. Given the magnitude of the deviation from the steady state, it
does not affect the result quantitatively.
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is easy to find that the optimally chosen price P ∗t should satisfy the following condition:

Et

∞∑
s=0

{
(βθ)s

(
Ck
t+s
−σ

Pt+s

)
Yk,t+sP

ε+1
k,t+s

[
Pk,t(j)

Pk,t+s
− ε

ε− 1

MCk,t+s
Pk,t+s

]}
= 0, k ∈ {H,N} (33)

As we have claimed before, the marginal cost is identical within each sector, which is

given in the equations below.5

mckt (j) =
(1− τ)

Akt (1− αk)1−αkαkαk
rkt
αkw1−αk

t , k ∈ {H,N} (34)

The equilibrium pricing dynamics will be further studied in the next section as the

aggregate supply. As a well-known fact, the optimal pricing condition implies a relationship

between inflation and marginal cost, i.e., the so-called New Keynesian Phillips Curve.

4 Equilibrium

Now we are ready to study the general equilibrium of the economy, where all markets clear

and households maximize their utility. We discuss, in turn, aggregate demand, aggregate

supply, and the monetary policy rule. It is necessary to be aware of the dynamic nature of

the system as many variables are determined by intertemporal conditions.

4.1 Aggregate Demand

The aggregate demand block examines the conditions drawn from the decision-making of

households, who maximize their discounted utility. In equilibrium, all markets should clear,

taking the price vector as given, so we have the following conditions in the goods and factor

markets.

5It is important to be aware that we introduce an employment subsidy in this model to pin down firm
level profits at the steady state to be zero, which is standard in the mainstream literature of New Keynesian
models. To be more specific, we assume that τ = ε

ε−1 is the employment subsidy, which ensures that the
steady state allocation is Ramsey optimal.
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Nontradable Goods Market. Nontradable goods can only be consumed domestically

so we have:

YN,t = λ3C
L
N,t + λ2C

N
N,t + λ1C

H
N,t + IN,t (35)

Because preferences are identical across households, equation (19) delivers a linear de-

mand function which is summable across different types of households. The demand function

for nontradable goods can be described as a function of the terms of trade and the relative

price of nontradable goods. Let Ct be the aggregate consumption of all households. Then,

YN,t = (1− b)[bxξ−1t + (1− b)]
ξ

1−ξ (Ct + It) (36)

Tradable Goods Market. The supply of home produced goods should be equal to

the sum of domestic and foreign demand, which is summarized by the following equation.

YH,t = λ3C
L
H,t + λ2C

N
H,t + λ1C

H
H,t + IH,t +

∫ 1

0

Ci
H,tdi (37)

Furthermore, following the same logic as for the nontradable goods market, we can aggre-

gate tradable goods consumption and derive the demand function in the following manner.

YH,t = ab[b+ (1− b)x1−ξt ]
ξ

1−ξ [a+ (1− a)Sη−1t ]
η

1−η ](Ct + It) + (1− a)bS−γt C∗t (38)

where C∗t is the level of foreign consumption, taken as given by a small open economy.

A shock to foreign consumption then affects the demand for Home produced tradable

goods. It is used to characterize both fluctuations in aggregate foreign demand as well as the

terms of trade shock many developing countries have experienced. We assume the aggregate

foreign demand C∗t is given by the following AR(1) process:

C∗t = C∗ea
c
t (39)

act = ρfa
c
t−1 + εc,t (40)
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Capital Rental Market. Firms in each sector need capital for production and capital

is supplied by capital owners. As a result, the total capital demand, which is an integral on

the right, is equal to the total capital supply on the left. The capital stock at each period

depends on the household decision for investment.

Kk
t =

∫ 1

0

Kk
t (i)di, k ∈ {H,N} (41)

The capital rental price rkt helps clear this market and it is jointly determined by the marginal

cost of production and the labor wage wt.

Market for Labor. Skilled labor is demanded by firms in both sectors and its supply

is determined by the household optimality condition. Total labor supply is equal to total

demand from both sectors. Similarly, this market is cleared by the labor wage.

Nt =

∫ 1

0

NH
t (i)di+

∫ 1

0

NN
t (i)di (42)

The mobility of labor across sectors is an interesting channel for the distributional effect.

While labor mobility yields better resource allocation when the economy faces various shocks,

the resulting fluctuations in labor-capital ratio across sectors imply frequent short-run wage

fluctuations and contribute to the distributional effect.

4.2 Aggregate Supply

The aggregate supply block characterizes the price and output dynamics given the stag-

gered pricing feature of firms, which is central to the New Keynesian framework. In essence,

it provides a block of equations that link marginal cost to inflation. Three sets of conditions

are needed to fully describe the aggregate supply dynamics; they are the dynamic relation-

ships between optimal price and marginal cost, inflation dynamics, and price dispersion.
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Optimal Pricing and Marginal Cost. Based on the first order condition from the

profit maximization problem, for a given sector, all firms that reoptimize at period t choose

the same price P̃t. Define the reoptimized price relative to current price as p̃t = P̃t
Pt

. The

dynamics are described by the following forward-looking condition.

p̃m,t =
Et
∑∞

j=0(βθ)
j(Cm

t+j
−σYm,t+j)X

m
t,j
−ε ε

ε−1mcm,t+j

Et
∑∞

j=0(βθ)
j(Cm

t+j
−σYm,t+j(

Pmt+j
Pt,j

))Xm
t,j

1−ε
=
Gt

Ft
, m ∈ {H,N} (43)

where Xm
t,j = 1∏j

i=1 π
m
t+i

.

By formulating the optimal pricing condition in this manner, we can write it as the

ratio of two recursive expressions, so it is possible to use higher-order approximations when

implementing quantitative experiments. The recursive formulations of Gt and Ft, which are

described in the technical appendix, are then used for solving the model.

The above equation characterizes the optimal pricing strategy mainly as a function of

inflation and marginal cost. Loosely speaking, when the future marginal cost is expected to

rise, firms will respond by setting a higher price now.

Inflation Dynamics. The relationship between inflation and reoptimized prices is pre-

sented below. Since there is a continuum of firms in the industry and the probability for

them to reoptimize the price is a constant, we borrow an insight from Calvo (1983) and use

the law of large numbers to link the two variables.

πm,t =
Pm,t
Pm,t−1

=

(
1− (1− θ)p̃1−εm,t

θ

) 1
ε−1

, m ∈ {H,N} (44)

The derivation of inflation for the aggregate index is straightforward. Combining its

definition with relative prices including terms of trade St and relative price of nontradable

goods xt =
PN,t
PT,t

, we have:

πt = πH,t
[(a+ (1− a)sη−1t ]1/(1−η)

[(a+ (1− a)sη−1t−1 ]1/(1−η)
[b+ (1− b)x1−ξ]1/(1−ξ)

[b+ (1− b)x1−ξt−1 ]1/(1−ξ)
(45)
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So far, we are able to derive the optimal pricing strategy and, consequently, the inflation

dynamics of the economy. However, in order to fully characterize the economy, we need to

elaborate on the aggregate production structure. 6

Aggregate Supply and Price Dispersion. Although there is not an aggregate pro-

duction function in the New Keynesian framework, one can derive the following equation

linking aggregate output to aggregate input factors, conditional on the price distribution.

One of the major channels of inefficiency in the New Keynesian framework comes from price

dispersion and the misallocation of resources.

Aggregate output in the tradable goods sector is given by:

vHt YH,t = AHt K
H
t

αHLHt
1−αH (46)

where vHt =
∫ 1

0

(
PH,t(j)

PH,t

)−ε
dj describes the price dispersion in the tradable goods sector.

Meanwhile, aggregate output in the nontradable goods sector is:

vNt YN,t = ANt K
N
t

αNLNt
1−αN (47)

where vNt =
∫ 1

0

(
PN,t(j)

PN,t

)−ε
dj describes the price dispersion in the nontradable goods sector.

The fact that price dispersion can be formulated recursively greatly facilitates our analysis

as we no longer need to keep track of the entire distribution of prices. Instead, only the lagged

level of the reoptimized price is needed as the state variable. The detailed derivation of price

dispersion dynamics can be found in the technical appendix.

4.3 Monetary Policy

For the baseline model, we simply consider a simple inflation targeting regime as the

benchmark monetary policy rule. In subsequent extensions of the model, we introduce

6In fact, this part is often ignored in the traditional literature where first order approximation eliminates
the inefficiency rising from price dispersion.
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alternative rules for monetary policy and compare distributional effects under those scenarios.

The log-linearized form of the monetary rule is given by the following equation, which

characterizes the monetary policy adopted by countries. A certain percentage deviation of

inflation from the steady state elicits an increase in the interest rate by the factor ρπ. When

ρπ > 1, this formulation delivers the so-called “Taylor Principle” in inflation targeting, which

is necessary to maintain the stability of the system.

We also argue that central bankers want to avoid large fluctuations in interest rate, which

is described by the smoothing factor in the rule. It is plausible to argue that real world central

bankers tend to behave in this manner, avoiding sharp change in interest rates.7

ln

(
Rt

R

)
= ρln

(
Rt−1

R

)
+ (1− ρ)φπln

(πt
π

)
(48)

5 Numerical Analysis

While the above section has presented the whole dynamic system of equations by which

the economy is characterized, numerical methods are necessary to study the properties of

the economy and to compare various policy experiments in terms of welfare. In this section,

we discuss the solution methods, and the calibration of key parameters. We then present

some initial results.

5.1 Computational Method

Given the complex dynamic economic system, the model cannot be solved analytically

and we need to resort to numerical methods. Two major solution methods are widely used

in dynamic macroeconomics, namely the projection and perturbation methods. While the

projection method is able to deal with highly nonlinear systems with occasionally binding

7Adding an interest rate smoothing parameter helps characterize central bank behaviors, which are
widely documented in the literature (see, e.g., Lowe and Ellis, 1997; Clarida et al., 1998; Sack and Wieland,
1999). Similar practices are also observed in emerging markets (see Mohanty and Klau (2004)).
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constraints, the perturbation method is able to avoid the “curse of dimensionality” and

generate fairly accurate solution for a large dynamic system.

In this paper, we use the perturbation method to solve the model around its steady

state because of the scale of the model. To be more specific, we implement a second order

approximation given the high degree of nonlinearity of the model, as in Schmitt-Grohe

and Uribe (2004, 2007). The second order approximation is needed to accurately calculate

welfare because our model exhibits a high degree of complexity and does not the satisfy the

assumptions listed in Woodford (2003) for the linear-quadratic formulation of the welfare

function.

5.2 Parameter Selection

The parameter selection of the model draws from various related sources and the key

parameters are shown in table 1. While some parameters are retrieved from the standard

literature, e.g. β and σ, others need to be pinned down based on data from emerging markets.

Due to the limitation of current research on developing economies, a few parameters cannot

be determined based on existing literature or empirical data so we implement extensive

sensitivity analysis regarding those parameters.

We choose β = 0.99 in order to match the annual real interest rate of 4 percent, which

is a standard parameter choice. The risk aversion coefficient σ is set to be 2, which is a

very common value used in DSGE modeling and the literature on emerging markets (Aguiar

and Gopinath, 2007; Schmitt-Grohe and Uribe, 2007). It implies that the intertemporal

elasticity of substitution is 0.5. We set the capital income share in both sectors, namely αH

and αN to be 0.36, which is standard choice in the literature. The depreciation rate δ is set

to be 0.02.

The share of home produced tradable goods in the consumption preference, denoted by

a, is set to be 0.7. It means that at the steady state, out of all tradable goods consumed,

70% are domestically produced. The consumption weight of tradable goods b is set to be
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0.3. Both parameter values are commonly seen in the open economy literature (Obstfeld and

Rogoff, 2001; Ferrero, Gertler, and Svensson). The consumption weight of tradable goods

can be approximated by the share of agricultural and manufacture sectors.

A important set of parameters in our model is the elasticity of substitution across differ-

ent varieties, between tradable and nontradable goods and across different countries. The

elasticity of substitution across different varieties ε is set to be 6, which implies a steady

state mark-up of 1.2 (Gali and Monacelli, 2005). The elasticity of substitution between home

and foreign produced tradable goods and across different foreign countries are assumed to

be 2 (Obstfeld and Rogoff, 2005, 2007). The elasticity of substitution between tradable and

nontradable goods is set to be 0.7 based on existing literature (Mendoza, 1991; Lane and

Milesi-Ferretti, 2004).8

Here are some parameters that are seen not only in open economy models but also

standard closed economy DSGE models. φ is assumed to be 3, so the income elasticity of

labor supply is 1/3. In each period, the share of firms that can reset prices θ is set to be

0.66 (Gali and Monacelli, 2005; Rotemberg and Woodford, 1997; Clarida, Gali and Gertler,

1999, 2002). The basic parameter used in the interest rate rule are borrowed from a wide

range of empirical literature (Clarida, Gali and Gertler, 1998). The smoothing parameter ρ

is assumed to be 0.75 while the coefficient on inflation φπ is assumed to be 1.5.

The total share of households with access to the capital market is assumed to be 0.2.

The parameter choice is supported by various empirical studies and we run a sensitivity test

to further examine the robustness of our result (Guiso, Sapienza and Zingales, 2008; Das

and Mohapatra, 2003). We also assume that the population ratio of capital owners in each

sector is proportional to the size of the sector, so the population weight for capital owners

in the tradable goods sector, namely λ1, is 0.06 and the weight for capital owners in the

nontradable goods sector is 0.14.

As for the parameter choices over various shocks, we assume the standard deviation for

8Obstfeld and Rogoff (2005) have a detailed discussion over parameter selections and review relevant
empirical studies.
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all shocks except the interest rate shock to be 0.01 and the standard deviation for the interest

rate shock is assumed to be 0.005. the standard d The persistence for productivity shocks

ρa is equal to 0.9 while the persistence for external shocks ρf is 0.8.

5.3 Impulse Response

We use impulse response functions to show the dynamics of certain variables of interest

after a given shock equivalent to one percent deviation from the steady state. There are four

shocks in the economy, namely productivity shocks in the tradable and nontradable sectors,

the foreign interest rate shock, and the foreign demand shock. We demonstrate the impulse

responses of a wide range of variables, including the consumption and bond holdings across

households, the terms of trade, the relative price of nontradable goods, the real exchange

rate, and factor prices.

For the second-order approximation, because there is no longer certainty equivalence, the

exact pattern of the impulse response function depends on the realized shocks after the initial

perturbation. To better interpret the results, we take an average path over 100 simulated

realizations. While the primary goal of the paper is not to discover the responses to a given

shock but the welfare level under different monetary policy rules, it is useful to take a close

look at impulse response functions as a check for the model.

5.3.1 Productivity Shock in the Tradable Goods Sector

In this section, we present the impulse response function given a one percent positive

productivity shock in the tradable goods sector. The impulse responses of a few key variables

are given in Figure 1. As well expected, the consumption of capital owners in the tradable

goods sector goes up while the capital owners in the other sector are worse off. Labor

households are not affected by much. The country faces a drop in the terms of trade due to

substitution effect and the relative price of nontradable goods goes up.

Other macroeconomic variables are shown in Figure 2. The inflation rate for tradable
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goods face drops due to the temporary productivity shocks. Output in both sector increases

because of higher productivity for tradable goods and substitution effect for the nontradable

goods. Most interestingly, firm profit goes up in the tradable goods but drops in the non-

tradable goods sector, due to nominal rigidities. While labor input in both sectors remains

stable, there is a huge hike for capital level in the tradable goods sector. Generally speaking,

the results are well expected for a small open economy DSGE model.

5.3.2 Productivity Shock in the Nontradable Goods Sector

In this section, we present the impulse response function given a one percent productivity

shock in the nontradable goods sector. The results are displayed in Figure 3. The nontradable

nature implies that these results will not be symmetric to the above experiment. As we can

see, consumption for all households go up and capital owners in the nontradable goods sector

for the most. Labor wage rises dramatically comparing to the above experiment. Opposite

to the productivity shock in the tradable goods sector, the terms of trade now goes up and

the relative price of nontradable goods goes down.

Other macroeconomic variables are shown in Figure 4. The inflation pattern is an oppo-

site to the above experiment as the inflation rate for the tradable goods goes up but goes

down for the nontradable goods. The pattern for output is quite different. While output

in the nontradable goods sector goes up, it does not rise simultaneously in the other sector,

unlike the above experiment. It means that the productivity increase in the nontradaeble

goods sector does not have spillover effect on the other sector because the substitution effect

for tradable goods is offset by the drop of foreign demand due to rising terms of trade.

5.3.3 Foreign Demand Shock

In this section, we present the impulse response functions given a one percent shock in

the foreign aggregate demand. The results can be found in Figure 5. Because the shock

is on foreign aggregate demand, its impact on the demand for Home tradable goods is
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relatively small. Nonetheless, it is clear that a demand shock differs from a productivity

shock in various ways. The consumption for capital owners drops slightly but bond holdings

see a gradual rise for all households. The terms of trade rises and the real exchange rate

appreciates moderately. Labor wages rises significantly but capital returns remain constant.

Other macroeconomic variables are shown in Figure 6. The inflation rate in both sector

rises due to increasing demand but the pattern for output differs. Output in the tradable

goods sector rises but it drops slightly in the nontradable goods sector. Firm profit drops in

both sector because of inflation and nominal rigidities. The capital level in the nontradable

goods sector drops.

5.3.4 Foreign Interest Rate Shock

In this section, we present the impulse response functions given a one percent shock in

the foreign interest rate. For a small open economy, it is a very common type of shock and

can have a significant impact on the economy. Changes in domestic interest rates and the

nominal exchange rate need to add up to the foreign interest rate shock. The results are

presented in Figure 7. As we can see, it has strong impact on capital flows and real exchange

rate depreciates dramatically, known as the over-shooting phenomenon. Consumption drops

significantly for capital owners but labor wage soars.

Other macroeconomic variables are shown in Figure 8. Inflation rates go up in both

sectors due to real exchange rate depreciation. Output goes up in the tradable goods sector

in order to finance capital outflow and firm profits drop significantly. Labor input in the

tradable goods sector rises to raise the production, which causes the labor wage increase. In

the longer horizon, the capital level drops in both sectors.
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6 Distributional Effects

The incomplete nature of financial markets distinguishes households by the access to the

capital market and therefore the income. Furthermore, because there is only one risk-free

bond, household-specific risk cannot be fully insured.9 Thus, monetary policy influences the

real exchange rate and the relative price between tradable and non-tradable goods, both of

which have asymmetric effects on the two type of households.

In order to compare different welfare scenarios, we use the simple inflation targeting rule

as the benchmark monetary policy and compare the welfare level and distributional effects

under various alternative simple rules. When assessing the effect of a particular monetary

policy rule, we implement a typical measure that describes the welfare under an alternative

policy framework by the percentage of permanent consumption gain or loss relative to the

baseline policy framework.

6.1 Derivation of Consumption Gain

The previous literature relies on consumption gains to measure welfare under various

environments. The idea is to calculate the level of permanent consumption gain or loss that is

able to match welfare under two different scenarios. Here, we use complete financial markets

with simple inflation targeting as the baseline case and measure welfare under different

environments by this equivalence-adjusting consumption gain.

To be more specific, we define the baseline welfare as follows, which yields identical

consumption for households of different types.

V b,m
0 = E0

∞∑
t=0

βt

(
Cb,1−σ
t

1− σ
− ψm

N b,1+φ
t

1 + φ

)
, m ∈ {L,H,N} (49)

9A storage technology is not available, so saving can only be done through bond holdings.
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Welfare under alternative environments is given by:

V a,m
0 = E0

∞∑
t=0

βt

(
Ca,1−σ
t

1− σ
− ψm

Na,1+φ
t

1 + φ

)
, m ∈ {L,H,N} (50)

The consumption gain ω is the value that equates the two measures of welfare, which is

given by the following equation.

V a,m
0 = E0

∞∑
t=0

βt

(
(1 + ωa,m)Cb,1−σ

t

1− σ
− ψm

N b,1+φ
t

1 + φ

)
, m ∈ {L,H,N} (51)

As a result, we can derive the expression for the permanent consumption gain ωa,m as

below and use this equation to compare welfare under various environments, relative to the

benchmark case.

ωa,m =

[
V a,m
0 +Da,m

0

V b,m
0 +Db,m

0

] 1
1−σ

− 1 (52)

where Db,m
0 = E0

∑∞
t=0 β

tψm
Nb,1+φ
t

1+φ
.

As for the measure of aggregate welfare, we use a utilitarian approach by summing up

the utility with population weights. If we denote the utility of labor households as uL, that

of capital owners in the tradable sector as uH and that of capital owners in the nontradable

sector as uN , then the aggregate welfare is given by:

Vt =
[
λ1u

H
t + λ2u

N
t + λ3u

L
t

]
+ βVt+1 (53)

6.2 Welfare Analysis

In this section, we propose a few alternative simple rules to characterize monetary policy

choices commonly observed both in advanced economies and emerging markets. Common

practices of monetary policy range from strict inflation targeting to choices that takes output

gaps into consideration.
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Then we shall compare the distributional and aggregate effect of monetary policy rules

based on the baseline model described in the paper. We use the simple inflation targeting

rule as the benchmark case and interpret welfare outcomes of other monetary policy rules in

terms of permanent consumption gains or losses relative to that benchmark. As mentioned

above, we adopt a utilitarian approach for the definition of aggregate welfare, i.e. a weighted

average of utility using population weights of each household type.

6.2.1 Alternative Monetary Policy Rules

Simple Inflation Targeting. This scenario is essentially equation (48) in the baseline

model presented in section 4.3. We use the simple inflation targeting rule as the benchmark

and compare the welfare consequence of each alternative policy rule against this rule.

Aggressive Inflation Targeting. In this scenario, we consider the case that the cen-

tral bank conducts a more aggressive inflation targeting policy, changing ρπ, the interest rate

response factor when inflation deviates from its target, from 1.5 to 5. Although in reality

few central banks will enforce anti-inflationary policy as strong as this one suggests, it serves

as a useful experiment.

It may seem straightforward to argue that this ought to have more desirable welfare

consequences because the basic New Keynesian model implies that the central bank can close

the output gap solely by targeting inflation, known as the “divine coincidence”. Nonetheless,

such standard results tend not to hold in a more complicated and realistic model like ours.

Leaning Against the Wind. In this scenario, we assume that the central bank adds

exchange rate management on top of an inflation targeting rule as seen in the baseline case.

It characterizes the central bank intervention aiming to avoid large fluctuations in foreign

exchange rate. To be more specific, it adds a term in the baseline monetary policy rule, which

implies a positive response of interest rate towards nominal exchange rate depreciation. The

parameter value for φe is assumed to be 0.25. The monetary policy rule is given by:

29



ln

(
Rt

R

)
= ρln

(
Rt−1

R

)
+ (1− ρ)

[
φπln

(πt
π

)
+ φeln

(
et
et−1

)]
(54)

Taylor Rule with Aggregate Output Gap. In this scenario, we consider the follow-

ing policy rule, which is a Taylor rule with a weight on the output gap of the whole economy.

Relative to strict inflation targeting, this policy rule also puts some weight on the output

gap. The weight φY is assumed to be 0.5, which is a standard choice in the literature. We

assume that the central bank defines the output gap as the deviation of current GDP from

its long-run steady state. This rule can be summarized as below:

ln

(
Rt

R

)
= ρln

(
Rt−1

R

)
+ (1− ρ)

[
φπln

(πt
π

)
+ φY ln

(
Yt

Y

)]
(55)

Taylor Rule with Sector-specific Output Gaps. In this scenario, we consider the

following Taylor rule with a weight on output gaps in both sectors. Unlike the previous

monetary policy rule, we assume that the central bank distinguishes between the output

gap in different sectors and takes sector-specific productivity shocks into consideration. The

weight φH and φN are assumed to be 0.5.

ln

(
Rt

R

)
= ρln

(
Rt−1

R

)
+ (1− ρ)

[
φπln

(πt
π

)
+ φH ln

(
YH,t

AHt Y H

)
+ φN ln

(
YN,t

ANt Y N

)]
(56)

Reduced Interest Rate Smoothing. In this scenario, we consider the existence of

an Taylor rule with a smaller interest rate smoothing factor. It reduces the coefficient of

interest rate smoothing from 0.75 in the baseline rule to 0.25 in the modified rule, which

reduces the fluctuation of policy rate targets.

ln

(
Rt

R

)
= ρln

(
Rt−1

R

)
+ (1− ρ)

[
φπln

(πt
π

)]
(57)
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6.2.2 Results from the Baseline Model

The baseline model is the one described in the paper, with no additional features or

assumptions. We compare five alternative monetary policy rules and use simple inflation

targeting as the benchmark, against which we calculate welfare gains and losses. The dis-

tributional and aggregate effect are reported in Table 2. For a specific type of household or

the aggregate economy, the larger this number is, the higher welfare level they achieve.

As is well anticipated, the aggressive inflation targeting rule yields higher welfare levels

for all households, though not to a very large extent. It makes the labor household dispro-

portionally better off. The “leaning against the wind monetary policy” also generates slight

welfare gain for all households, though the size is relatively small in the baseline case.

Surprisingly, both rules with output gaps significantly underperform, regardless of the

type of output gap used in the rule. It shows that efficient allocations are very hard to be

incorporated into monetary policy given the limited information central bankers have.

The practice of interest rate smoothing yields some interesting welfare outcomes. Re-

duced interest rate smoothing hurts all households, but significantly more for capital owning

households. As a result, it justifies the worldwide practice of interesting smoothing across

central banks. Under the baseline scenario, the common choice of interesting smoothing

factor indeed generates a higher level of welfare than a lower value.

For the baseline case, we have detected that effects of monetary policy rules on households

are of different size. We will show in the following model extensions that effects will not only

differ quantitatively but also qualitatively. When effects across households have different size,

it raises concerns from the political economy perspective. We are particularly interested in

those scenarios that certain policy rule can make some households better off, at the cost of

the rest.
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6.3 Model Extensions

In this section, we implement the welfare analysis discussed above and compare the distri-

butional and aggregate effects of various policy rules, based on a group of model extensions.

The model extensions are designed to match features of emerging markets more closely and

serve as robustness checks of the baseline model.

6.3.1 Financial Frictions

In this section, we incorporate financial frictions into the model, as such frictions are

pervasive in the developing world. Parameterizing financial frictions by the portfolio holding

cost greatly simplifies the model and a higher level of holding costs implies stronger financial

frictions. We compare the following four types of scenarios. The welfare outcomes and

distributional effects are summarized in Table 3.

Moderate Financial Frictions for all Households. In this scenario, we assume

that there are moderate financial frictions in terms of saving and borrowing costs, which

are identical for all households. As a result, they cannot achieve intertemporal risk-sharing

sufficiently. The portfolio holding cost ψb for all households is set to be 0.2 in the numerical

analysis, which is equivalent to 1 percentage point increase (decrease) in the interest rate for

borrowing (lending) of 10% annual income.

The result conveys similar message as the baseline model and shares the same sign for

all monetary policy effects. Nonetheless, the existence of financial frictions amplifies the

distributional and aggregate effects for monetary policy by roughly a factor of 2.

Moderate Financial Frictions for all Households Except Capital Onwers in

the Tradable Goods Sector. In this scenario, we assume that financial frictions exist

for labor households and capital owners in the nontradable goods sector, so the portfolio

holding cost ψb for these two types of households is set to be 0.2.
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As we can see, the welfare outcome remains close to the above scenario, which implies

that the distributional effect of monetary policy does not change much even if a certain group

of households has better access to the financial market. It is necessary to clarify that the

result does not mean that households are indifferent given better access to financial markets,

but the relative gain against the benchmark monetary policy rule in this environment is

about the same as the above environment.

Strong Financial Frictions for Labor Households. In this scenario, we assume

that while capital owners in both sectors only face moderate financial frictions, labor house-

holds now face strong financial frictions. In the numerical experiment, now we increase the

parameter value ψb to 1 for type L households, which is equivalent to 1 percentage point

increase (decrease) in the interest rate for borrowing (lending) of 2% annual income. This

scenario is used to study the extreme environment where the working class has limited access

to formal saving and lending.

As we can see, some interesting results start to appear given the pervasiveness of financial

frictions. While aggressive inflation targeting always generates positive welfare gain for all

households, it is particularly effective for labor households. “Leaning against the wind” policy

also shares similar feature as it now generates significant welfare gain for labor households.

Moreover, while while reduced interest rate smoothing yields inferior welfare outcome, it

is no longer the case given strong financial frictions. A lower degree of interest rate smoothing

hurts capital owners but makes labor households better off. While the size of the effect is

about the same, given a much larger population weight for labor households, a lower degree

of interest rate smoothing actually improves aggregate welfare.

Strong Financial Frictions for all Households Except Capital Onwers in the

Tradable Goods Sector. In this scenario, we assume that all households face strong

financial frictions except capital owners in the tradable goods sector, who face moderate

degree of financial frictions. This scenario is used to study preferred policy towards exporters
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in emerging markets.

However, the result does not deviate much from the above scenario, differing only to the

extent of the size. Sizes of the effect on labor households tend to be lower when capital

owners in the nontradable goods sector are also financially constrained.

6.3.2 Closed Capital Account

Many developing countries have free current account but closed capital accounts, which

implies that the international capital movement is prohibited. We model this scenario by

imposing the rule that trade balance must equal zero. As a result, the economy only has

access to the goods market but faces financial autarky. It is different from either a standard

open economy or a closed economy. The uncovered interest rate parity is replaced by the

following rule.

λ1b
H
t + λ2b

N
t + λ3b

L
t = 0 (58)

The policy implication we draw for this scenario is very different from what we find above

and the degree of financial frictions does not affect the result by much. The welfare gains

under different policy rules and environment are summarized in Table 4.

By imposing the assumption of a closed capital account, different variants on the inflation

targeting and interest rate smoothing all deliver similar welfare outcome comparing with the

simple inflation targeting. The explanation is that monetary policy rule affects exchange rate

and when the capital account account is closed, the exchange rate is no longer determined

by the uncovered interest rate parity, so these rules are no longer effective.

However, for the rule with weight on the aggregate output gap, the welfare loss comparing

with simple inflation targeting is now even larger. The welfare loss for the rule with sector

output gaps is now smaller, comparing with the free capital account environment.
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6.3.3 Different Investment Adjustment Costs

The investment adjustment cost affects the intertemporal decision for capital owners. As

a result, it will be interesting to see the consequence if we change the parameter choice. The

results are summarized in Table 5. In the first two experiments, we increase the adjustment

cost in one of the two sectors and compare the welfare gains or losses of alternative mone-

tary policy rules. It seems that results do not depend on the investment adjustment costs

much because directions and sizes of the distributional effect are very similar to the baseline

environment.

However, when we fix the adjustment cost at the high level and increase financial frictions,

we start to observe some interesting results: first, aggressive inflation targeting becomes

very beneficial for labor households. Second, “leaning against the wind” policy significantly

increases the welfare of labor households as exchange rate fluctuations tend to affect inflation

rates a lot. Third, a lower degree of interest rate smoothing tend to hurt capital owners but

makes labor households much more better off. At the aggregate level, when financial frictions

are strong, it is welfare-enhancing to choose a lower degree of financial frictions.

6.3.4 Flexible Capital Utilization in Production

In the baseline model, we assume that capital owners can only choose the level of invest-

ment but not the intensity of capital utilization. Here we assume that capital owners can

choose capital utilization rate each period, which is a common feature in medium-scale New

Keynesian models. The optimization problem for capital owners is changed accordingly. The

results are summarized in Table 5.

The borrowing constraints are:
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)Kk

t , k ∈ {H,N} (60)

The determination of asset prices is different from the baseline model because of the

introduction of flexible utilization rate. It is given by:

qkt = βEt(
Ck
t

Ck
t+1

)σ(rkt+1u
k
t+1 + qkt+1(1− δukt+1

αu
)), k ∈ {H,N} (61)

The optimality condition for capital utilization is given by:

rkt = qkt αδu
k
t

αu−1
, k ∈ {H,N} (62)

By simply introducing capital utilization into the model, the relative welfare gains for

different monetary policy rules do not change much from the baseline environment. However,

as we increase the degree of financial frictions, we start to observe some interesting changes.

First, “leaning against the wind” monetary policy starts to generate some significant welfare

gains, especially for labor households. Second, introducing sector output gaps into the rule

starts to be welfare-enhancing for labor households and beneficial at the aggregate level.

The size is even larger as financial frictions become stronger. Third, similar to the above

experiment, a lower level of interest rate smoothing can lead to positive welfare gains for

labor households.

7 Conclusion

Monetary policy actions can have significant distributional effects. To evaluate the quan-

titative relevance of this proposition, in this paper we constructed a model with features
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that make it more representative of the conditions prevailing in emerging market economies-

financial constraints, heterogeneity among households, and nominal rigidities.

We find that alternative monetary policy rules have significant distributional conse-

quences. More importantly, some rules that mitigate the welfare effects of certain shocks

on specific groups of the population can also have adverse aggregate welfare consequences.

Many of the distributional effects we find become stronger as financial constraints, which we

model as a cost of buying bonds, increase.

To be specific, we find robust evidence that “leaning against the wind” monetary policy

is welfare-enhancing for all households and the magnitude of welfare gain is much larger for

labor households. The size of the effect becomes very significant when financial frictions are

stronger.

Another interesting result we find is on the practice of interest rate smoothing in the

monetary policy. While it is welfare-enhancing in the baseline case, which is free of financial

frictions, it starts to have large distributional effects as financial frictions are stronger. A

higher level of interest rate smoothing makes capital owners better of, at the cost of labor

households, when financial frictions are large. We have robust evidence that interest rate

smoothing may not be a good option for central bankers in emerging markets.

We view our results as illustrative rather than definitive. The model developed in this

paper provides a more realistic representation of economic conditions in low- and middle-

income economies than many other existing models and allows us to set the stage for a more

careful analysis of distributional consequences of alternative monetary policies.
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Technical Appendix

Stationarity of a Small Open Economy

It is well known (see Uzawa, 1968) that models of a small open economy with incomplete

financial markets face the problem of nonstationarity. For technical purpose, we need to add

an additional feature to induce stationarity and, traditionally, stationarity is guaranteed by

the use of an “endogenous discount factor”.

However, according to Schmitt-Grohe and Uribe (2003), this artificial assumption can

be replaced by introducing portfolio holding costs, which is more realistic and depicts the

diminishing marginal returns to investment in a small open economy. While the portfo-

lio adjustment cost in our model is used to characterize real world financial frictions, it

simultaneously solves the nonstationarity problem.

Derivation of Firm Profit

The profits of firms in the tradable goods sector are given by:

ΠH
t = PH,tYH,t −W s

t N
s
H,t −W u

t N
u
H,t −Rk

tK (63)

where ΠH
t is total profit from firms in the tradable goods sector. The first term is the total

revenue and the following three terms are factor input costs.

Similarly, the firm profits for the nontradable goods sector can be shown as:

ΠN
t = PN,tYN,t −W u

t N
u
N,t −W s

t N
s
N,t (64)

where ΠN
t is total profit from firms in the tradable goods sector. The first term is the total

revenue and the following two terms are factor input costs.
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Derivation of Uncovered Interest Rate Parity

For the nominal exchange rate, uncovered interest rate parity is achieved via non-

arbitrage condition. For households in country i, the Home bond should yield the same

return as their domestically traded bonds. As a result, the following condition should hold.

Et

[
βtRt

(
εitP

i
t

εit+1P
i
t+1

)(
Ci
t+1
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t

)−1]
= Et

[
βtR

i
t

(
P i
t

P i
t+1

)(
Ci
t+1

Ci
t

)−1]
(65)

Since Home is a small open economy, it has no impact on foreign economies. Hence, we

can cancel out the foreign consumption and price indexes, which yields equation (27).

As for the real exchange rate, using its definition and substituting out the nominal ex-

change rate, it is straightforward to derive equation (28).

Optimal Pricing for Firms in Tradable Goods Sector

For an individual firm that optimizes its price at period t, the optimal pricing strategy

can be written in a recursive format. Taking the expression from equation (33), we have

GH
t = Et

∑∞
j=0(βθ)

j(Ck
t+j
−σ
YH,t+jX

H
t,j
−ε ε

ε−1mcH,t+j

= Ck
t+j
−σ
YH,t+j[a+ (1− a)Sη−1]η−1[b+ (1− b)x1−ξ]ξ−1mcH,t + βθEtπ

ε
t+1G

H
t+1

(66)

and

FH
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j=0(βθ)
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(67)
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Optimal Pricing for Firms in Nontradable Goods Sector

For an individual firm that optimizes its price at period t, the optimal pricing strategy

can be written in a recursive format. Taking the expression from equation (33), we have

GN
t = Et

∑∞
j=0(βθ)

j(Ck
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−σ
YN,t+jX

N
t,j
−ε ε
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ε
N,t+1G
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(68)

and

FN
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(69)

Price Dispersion and Aggregate Supply

The evolution of price dispersion can be summarized by the following equation, where

vmt ≥ 1 and the equality holds only when Pm
t (j) = Pm

t for all j. As a result, when there is

inflation, price dispersion is generated and there is loss of aggregate production.

vmt = (1− θ)

(
1− θπε−1m,t

1− θ

) ε
ε−1

+ θπεm,tv
m
t−1 (70)
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Figure 1: Impulse Response of Productivity Shock in the Tradable Goods Sector

45



Figure 2: Impulse Response of Productivity Shock in the Tradable Goods Sector
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Figure 3: Impulse Response of Productivity Shock in the Nontradable Goods Sector
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Figure 4: Impulse Response of Productivity Shock in the Nontradable Goods Sector
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Figure 5: Impulse Response of Foreign Demand Shock
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Figure 6: Impulse Response of Foreign Demand Shock
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Figure 7: Impulse Response of Foreign Interest Rate Shock
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Figure 8: Impulse Response of Foreign Interest Rate Shock
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Table 1: Calibration for Key Parameters

Parameter Definition Calibration Value
β quarterly discount factor 0.99
σ risk aversion coefficient 2
αH capital income share in the tradable goods sector 0.36
αN capital income share in the nontradable goods sector 0.36
δ capital depreciation rate 0.02
a home bias on tradable goods 0.7
b consumption weight of tradable goods 0.3
η elasticity for home and foreign tradable goods 2
γ elasticity across goods from foreign countries 2
ε elasticity across varieties 6
ξ elasticity between tradable and nontradable 0.7
φ income elasticity of labor supply 3
ψB baseline case portfolio holding cost 0.05
θ probability for firms to reset price 0.66
ρ interest rate smoothing factor 0.75
φπ interest rate rule coefficient for inflation 1.5
ρa persistence of productivity shocks 0.9
ρf persistence of external shocks 0.8
σr standard deviation of foreign interest rate shock 0.005
σs standard deviation of other shocks 0.01
λ1 population weight for capital owners in T 0.06
λ2 population weight for capital owners in NT 0.14
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Table 2: Distributional Effects Under Baseline Scenario

Tradable Capital Nontradable Capital Labor Aggregate
Aggressive IT 0.13 % 0.10 % 0.23 % 0.22 %
Leaning Against the Wind 0.02 % 0.01 % 0.07 % 0.06 %
Aggregate Output Gap -0.49 % -0.51 % -0.23 % -0.26 %
Sector Output Gap -0.39 % -0.44 % -0.12 % -0.15 %
Reduced Interest Rate Smoothing -0.25 % -0.30 % -0.05 % -0.08 %

Notes: The table shows welfare gains (positive numbers) or losses(negative numbers) relative to the
benchmark case of a simple inflation targeting rule.
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Table 3: Distributional Effects Under Financial Frictions

Moderate Financial Frictions for All Households
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.28 % 0.28 % 0.44 % 0.43 %
Leaning Against the Wind 0.07 % 0.08 % 0.14 % 0.13 %
Aggregate Output Gap -1.35 % -1.40 % -0.75 % -0.82 %
Sector Output Gap -0.67 % -0.70 % -0.27 % -0.32 %
Reduced Interest Rate Smoothing -0.34 % -0.37 % -0.02 % -0.06 %

Moderate Financial Frictions Except Capital Owners in the Tradable Goods Sector
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.30 % 0.26 % 0.43 % 0.41 %
Leaning Against the Wind 0.09 % 0.08 % 0.14 % 0.13 %
Aggregate Output Gap -1.40 % -1.43 % -0.77 % -0.84 %
Sector Output Gap -0.66 % -0.71 % -0.27 % -0.32 %
Reduced Interest Rate Smoothing -0.28 % -0.35 % -0.00 % -0.04 %

Strong Financial Frictions for Labor Households
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.44 % 0.46 % 1.01 % 0.95 %
Leaning Against the Wind 0.13 % 0.14 % 0.36 % 0.33 %
Aggregate Output Gap -1.75 % -1.81 % -1.18 % -1.25 %
Sector Output Gap -1.28 % -1.33 % -0.74 % -0.80 %
Reduced Interest Rate Smoothing -0.38 % -0.40 % 0.39 % 0.30 %

Strong Financial Frictions Except Capital Owners in the Tradable Goods Sector
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.56 % 0.54 % 0.87 % 0.84 %
Leaning Against the Wind 0.17 % 0.17 % 0.29 % 0.27 %
Aggregate Output Gap -1.64 % -1.67 % -0.98 % -1.06 %
Sector Output Gap -1.18 % -1.22 % -0.66 % -0.72 %
Reduced Interest Rate Smoothing -0.31 % -0.37 % 0.21 % 0.14 %

Notes: The table shows welfare gains (positive numbers) or losses(negative numbers) relative to the
benchmark case of a simple inflation targeting rule.
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Table 4: Distributional Effects Under Closed Capital Account

Baseline Case
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.03 % 0.04 % 0.01 % 0.01 %
Leaning Against the Wind 0.01 % 0.01 % 0.00 % 0.00 %
Aggregate Output Gap -1.06 % -1.11 % -0.62 % -0.67 %
Sector Output Gap -0.24 % -0.24 % -0.17 % -0.18 %
Reduced Interest Rate Smoothing 0.00 % 0.01 % -0.00 % -0.00 %

Moderate Financial Frictions for all Households
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.03 % 0.04 % 0.01 % 0.01 %
Leaning Against the Wind 0.01 % 0.01 % 0.00 % 0.00 %
Aggregate Output Gap -1.02 % -1.06 % -0.59 % -0.65 %
Sector Output Gap -0.23 % -0.24 % -0.17 % -0.18 %
Reduced Interest Rate Smoothing 0.00 % 0.00 % -0.00 % -0.00 %

Strong Financial Frictions for Labor Households
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.03 % 0.03 % 0.01 % 0.01 %
Leaning Against the Wind 0.01 % 0.01 % 0.00 % 0.00 %
Aggregate Output Gap -1.20 % -1.24 % -0.78 % -0.84 %
Sector Output Gap -0.23 % -0.24 % -0.17 % -0.18 %
Reduced Interest Rate Smoothing 0.00 % 0.01 % 0.00 % 0.00 %

Notes: The table shows welfare gains (positive numbers) or losses(negative numbers) relative to the
benchmark case of a simple inflation targeting rule.
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Table 5: Distributional Effects Under Different Assumption for Investment Adjustment Cost

Higher Adjustment Cost in the Tradable Goods Sector
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.11 % 0.09 % 0.24 % 0.22 %
Leaning Against the Wind 0.01 % 0.01 % 0.07 % 0.07 %
Aggregate Output Gap -1.24 % -1.29 % -0.67 % -0.74 %
Sector Output Gap -0.40 % -0.44 % -0.10 % -0.14 %
Reduced Interest Rate Smoothing -0.28 % -0.31 % -0.05 % -0.08 %

Higher Adjustment Cost in the Nontradable Goods Sector
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.16 % 0.11 % 0.25 % 0.24 %
Leaning Against the Wind 0.03 % 0.02 % 0.08 % 0.07 %
Aggregate Output Gap -1.26 % -1.29 % -0.67 % -0.74 %
Sector Output Gap -0.37 % -0.43 % -0.10 % -0.14 %
Reduced Interest Rate Smoothing -0.24 % -0.30 % -0.04 % -0.07 %

Higher Adjustment Cost with Moderate Financial Frictions for all Households
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.23 % 0.24 % 0.51 % 0.48 %
Leaning Against the Wind 0.05 % 0.06 % 0.17 % 0.16 %
Aggregate Output Gap -1.31 % -1.33 % -0.74 % -0.80 %
Sector Output Gap -0.62 % -0.66 % -0.20 % -0.25 %
Reduced Interest Rate Smoothing -0.39 % -0.42 % 0.04 % -0.01 %

Higher Adjustment Cost with Stronger Financial Frictions for Labor Households
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.27 % 0.35 % 1.73 % 1.57 %
Leaning Against the Wind 0.07 % 0.11 % 0.64 % 0.58 %
Aggregate Output Gap -1.78 % -1.83 % -1.41 % -1.46 %
Sector Output Gap -1.22 % -1.28 % -0.61 % -0.69 %
Reduced Interest Rate Smoothing -0.58 % -0.54 % 1.07 % 0.88 %

Notes: The table shows welfare gains (positive numbers) or losses(negative numbers) relative to the
benchmark case of a simple inflation targeting rule.
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Table 6: Distributional Effects Under Flexible Capital Utilization for Production

Baseline Case
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.15 % 0.14 % 0.18 % 0.18 %
Leaning Against the Wind 0.03 % 0.03 % 0.05 % 0.05 %
Aggregate Output Gap -0.67 % -0.72 % -0.31 % -0.36 %
Sector Output Gap -0.10 % -0.14 % 0.02 % -0.00 %
Reduced Interest Rate Smoothing -0.19 % -0.21 % -0.08 % -0.10 %

Moderate Financial Frictions for all Households
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.28 % 0.29 % 0.37 % 0.36 %
Leaning Against the Wind 0.08 % 0.08 % 0.11 % 0.11 %
Aggregate Output Gap -0.65 % -0.69 % -0.25 % -0.30 %
Sector Output Gap -0.05 % -0.08 % 0.11 % 0.09 %
Reduced Interest Rate Smoothing -0.26 % -0.28 % -0.07 % -0.10 %

Strong Financial Frictions for Labor Households
Tradable Capital Nontradable Capital Labor Aggregate

Aggressive IT 0.44 % 0.46 % 0.69 % 0.67 %
Leaning Against the Wind 0.13 % 0.14 % 0.22 % 0.21 %
Aggregate Output Gap -0.63 % -0.68 % -0.15 % -0.21 %
Sector Output Gap 0.04 % 0.02 % 0.32 % 0.28 %
Reduced Interest Rate Smoothing -0.26 % -0.28 % 0.10 % 0.06 %

Notes: The table shows welfare gains (positive numbers) or losses(negative numbers) relative to the
benchmark case of a simple inflation targeting rule.
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