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Abstract

The monetary and fiscal policy interactions have gained a new research interest after
the 2008 crisis due to the global increase of fiscal debt. This paper constructs a macroeco-
nomic model of joint fiscal and monetary policy for an emerging open economy taking into
account its structural uniqueness. In particular, the two instruments of monetary policy,
interest rate and foreign exchange intervention, the two instruments of fiscal policy, public
consumption and public investment, the two types of households, optimizers and rule-of-
thumb individuals, and a foreign debt via collateral constraint are modeled here in a single
DSGE framework. The parameters are calibrated for the case of Hungary using data over
1995Q1-2011Q3. The impulse response functions to public investment, public consumption,
and interest rate shocks reveal some unconventional findings in favor of the fiscal theory of
price level as opposed to the traditional monetarist doctrine.

Abstrakt

Vzhledem ke globdlnimu nértstu fiskalnich dluht po roce 2008 zapti¢inéného ekonomickou
krizi nartstd zdjem o vyzkum interakci monetdrni a fiskdlni politiky. V tomto c¢lanku je
navrzen makroekonomicky model s propojenou fiskdlni a monetdrni politikou v rozvije-
jict se oteviené ekonomice, ktery bere v potaz jeji strukturdlni jedinecnosti. V jednotném
DSGE rédmci jsou zde modelovdny dva néstroje monetdrni politiky (drokova mira a devi-
zové intervence), dva ndstroje fiskdlni politiky (vladni spotfeba a vladni investice), dva typy
domécnosti (jedinci optimalizujici a jedinci ndsledujici jednoduchd pravidla) a zahrani¢n{
dluh modelovany pomoci omezeni na kolateral. Parametry jsou kalibrovany na Mad’arskych
udajich za pouziti dat z obdobi prvniho kvartdlu 1995 az tiettho kvartdlu 2011. Odezvy
na impulzy v podobé vladnich investic, spotieby vlddy a zmény irokové miry vedou k
nekonveénim zavérim podporujicim fiskdlni teorii cenové drovné v kontrastu k tradi¢ni
monetaristické doktriné.
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1 Introduction

For over two decades remarkable progress has been made in macroeconomic mod-
eling by synthesizing the New Keynesian theory and the real business cycle theory.
As a result, in recent years macroeconomic linkages have been intensively modeled
using a dynamic stochastic general equilibrium (DSGE) approach, which primarily
highlights the influential role of monetary policy (Christiano, Eichenbaum & Evans,
2005; Smets & Wouters, 2007). Central banks worldwide develop their core DSGE
models to frame their policy decisions, discuss clearly the sources of fluctuations, and
perform counterfactual policy experiments. Although there are still challenges (To-
var, 2008), the DSGE models inject an increased discipline to judgement, thinking,
and communication about monetary policy. Apart from the advanced economies,
those models are estimated for emerging markets as well (Castillo et al., 2006; Sil-
veira, 2008; Andrle et al., 2009; Vilagi, 2008; Zeman & Senaj, 2009; Iordanov &
Vassilev, 2008; Lee, 2009). However, fiscal policy in this framework is usually pas-
sive; thus, it can be either ignored or specified simply by a balanced government
budget without any role for fiscal debt. In other words, Ricardian equivalence holds
and monetary dominance is assumed, resulting in a weak fiscal side in the model.

Yet, the current post-crisis situation shows that active fiscal policy has been
implemented globally, causing high fiscal debt across countries. In addition, the de-
veloped world has reached its zero lower bound of interest rates, when expansionary
fiscal policy can be quite effective in terms of stimulating economic activity (Chris-
tiano, Eichenbaum & Rebelo, 2011; Eggertsson, 2011; Woodford, 2011), and thus it
may interact with the influential monetary policy which should be captured jointly
in the model. Even earlier, Benigno and Woodford (2003) pointed out the problem
of modeling these two policies in isolation, which appeared to be more inter-related
than expected, from their analysis of optimal monetary and fiscal policy within a
single framework.

The consequences of one policy decision to another occur because, on the one
hand, the interest rate set by the monetary policy affects the burden of fiscal debt,
which may appropriately adjust in response to the interest rate change, while on
the other hand, fiscal stimulus changes output, which may in turn adjust a tradeoff
between inflation and output facing the monetary policy. Moreover, according to
the fiscal theory of price level (Leeper, 1991; Sims, 1994; Cochrane, 2011), persistent
fiscal deficits without taxes or spending adjustments inevitably cause inflation, thus
constraining monetary policy to achieve its goal of price stability. Both policies,
therefore, should take into account the consequences of their decisions on the tar-

gets of the other policy in order to be consistent and endogenously effective in a



macroeconomic outcome.

Currently, there are two streams of literature on monetary and fiscal policy in-
teractions in a DSGE framework. The first one deals with the optimal policy rules
assuming that either tax or government spending is the only fiscal instrument mod-
eled jointly with the Taylor-type monetary policy rule (Schmitt-Grohe & Uribe,
2007; Leith & Wren-Lewis, 2007; Chadha & Nolan, 2007). The second stream is
focused on the fiscal multiplier defined as the ratio of a change in output to an
exogenous change in the fiscal instrument (Woodford, 2011; Davig & Leeper, 2011;
Cogan, Cwik, Taylor & Wieland, 2010; Christiano, Eichenbaum & Rebelo, 2011;
Eggertsson, 2011), apart from the various econometric estimations, which generally
suffer from endogeneity, proper identification of fiscal shocks without any mix with
automatic stabilizers, and ignorance of fiscal debt dynamics. Both of these streams
of DSGE models, though, do not impose any heterogeneity of households, assuming
instead a representative agent who optimizes his future consumption path by appro-
priate savings. This might result in a relatively low fiscal multiplier, because once
there is fiscal expansion, active monetary policy tightens, and a high interest rate
encourages households to save rather than to consume; thus, consumption declines.

Realizing this problem in assessing fiscal stimulus, researchers have suggested in-
corporating two types of households: savers or traditional Ricardian households who
are also known as the standard optimizers having savings in assets, and spenders
or non-Ricardian households who do not have access to financial markets and sim-
ply consume their disposable income each period (Mankiw, 2000). The latter type
is sometimes referred to as the rule-of-thumb or liquidity constrained households
in the literature. Gali, Lopez-Salido, and Valles (2007) have extended, therefore,
the standard New Keynesian model by incorporating these two types of households
which allowed them to demonstrate that government spending has an effect on con-
sumption consistent with the evidence due to the interaction between the behavior
of the rule-of-thumb consumers and sticky prices. A global integrated monetary and
fiscal policy model constructed at the IMF (Kumhof et al., 2010) distinguishes these
two types of households as well and estimates that multipliers of two-year stimulus
range from 0.2 to 2.2 depending on the fiscal instrument, the extent of monetary
accommodation, and the presence of a financial accelerator mechanism (Freedman
et al., 2009).

However, the above models are applicable to the developed world and do not
take into account three structural specifics relevant for an emerging open economy.
First, an emerging economy conducts its monetary policy using at least two in-

struments: the interest rate in accordance with the standard Taylor rule and foreign



exchange intervention to manage the nominal exchange rate (Blanchard, Dell’ Ariccia
& Mauro, 2010). Second, fiscal policy can be active trying to stimulate the economy
through an increase of public consumption and/or public investment! and not much
through cutting taxes, which are relatively inflexible to change and distortionary.
Hence, fiscal debt may accumulate, breaking the traditional Ricardian equivalence
assumption and highlighting the fiscal theory of price level as a new alternative view
in contrast to monetarist doctrine. Third, emerging economies often have private
sectors heavily indebted to the foreign world due to their underdeveloped domestic
financial market to finance investments. Thus, they are vulnerable to an external
shock of sudden stops, which is exactly the case they faced due to the global financial
crisis of 2008. Moreover, sudden stops seem to be related to collateral constraint
(Mendoza, 2010; Mendoza, 2006; Chari, Kehoe & McGrattan, 2005; Kiyotaki &
Moore, 1997), affecting in turn the exchange rate, rather than to a financial accel-
erator mechanism & la Bernanke, Gertler, and Gilchrist (1999). This is because a
sudden shrinkage of foreign funds supply can abruptly cause an economic downturn
in developing economies, which used to constantly have capital inflows earlier.

In this respect, the aim of this paper is to build a DSGE model for an emerg-
ing open economy capturing these three structural specifics. The calibration of the
model is based on Hungary as a first economy among all emerging markets severely
hit by the global financial crisis that already felt in mid-October 2008. International
organizations were called on for support using their emergency financing arrange-
ments. In 2009, Hungary’s real GDP fell by 6.7 percent, the euro-forint exchange
rate depreciated by 12 percent, unemployment increased to 9.8 percent, positive
net exports were 10 times higher than in 2008 due to the collapse in imports and
capital outflows, and foreign exchange reserves of the central bank dropped signifi-
cantly, especially in the second quarter of 2009. The main vulnerability of Hungary
originated from its high public and private sector debt: fiscal debt amounted to 66
percent of its GDP, while external debt reached 97 percent of GDP at the end of
2007 (IMF, 2008).

Based on the constructed model, my focus is to understand how multiple in-
struments of monetary and fiscal policy interact to jointly affect inflation, exchange
rate, and output in an economy borrowing from abroad to finance its investments. In

particular, the impulse response functions to three exogenous shocks are examined:

T treat public consumption and public investment as two separate fiscal policy instruments
because each of them can have a different effect on output and potentially on inflation. According
to Aschauer (1989), there is a positive relationship between public investment and the growth rate
of labor productivity, while public consumption is negatively related to the growth of output per
hour in the G-7 countries.



public investment, public consumption, and interest rate.

In section two, I outline the model with two types of households, standard opti-
mizers and rule-of-thumb households, firms acting in a monopolistically competitive
market, two monetary policy rules for each instrument, and respective fiscal policy
rules. Section three describes the calibrated values for parameters, the full list of
which is provided in Appendix 6.1. Section four examines the impulse response
functions, including the sensitivity to higher population fraction of rule-of-thumb

households than in the baseline simulation. Section five concludes.

2 Model

Technically, the model has several frictions: an incomplete asset market, capital
adjustment costs, collateral constraint, and a Calvo price setting. The crucial un-
derlying assumption is that the foreign world is a saver, while the domestic economy
is a borrower; thus, the foreign discount factor is higher than the domestic discount
factor, as the domestic households might be relatively impatient compared to the
foreign world. This assumption implies in turn that the interest rate of an emerging
economy is always higher than the foreign interest rate, which is consistent with the
evidence.

Since there are two types of households, only optimizers borrow from abroad and
have a collateral constraint on physical capital. They also hold the domestic govern-
ment bonds, own the firms, rent capital to the firms, and decide about investment.
The firms monopolistically set prices on their intermediate goods a la Calvo (1983)
and their profits are transferred to the optimizers. The labor market is assumed
to be competitive, so that modeling unions or having high bargaining power over
wages by households might be irrelevant in the emerging market setting.

The foreign world is modeled by its Phillips curve, AR (1) process for output,
and the Taylor rule for interest rate. All foreign variables are denoted by an asterisk
in this paper.

The domestic Taylor rule includes lagged interest rate, inflation, output, and
the nominal exchange rate, but there is also a rule for the foreign exchange inter-
vention responding to the nominal exchange rate and its change (Sarno & Taylor,
2001). Public consumption and public investment respond to fiscal debt and output,
capturing a procyclical fiscal policy. Public investment can be productive, accumu-
lating public capital, which is an additional input in the Cobb-Douglass production

function beyond labor and private capital.



2.1 Households

The economy is populated by a continuum of households on the interval [0,1], where
the fraction p is rule-of-thumb households. They do not have access to financial
markets and consume all of their disposable income each period. In other words,
they act myopically without any effect of a future policy on their economic deci-
sions. The other (1 — ) fraction of households are forward-looking optimizers who
hold government bonds, invest in private capital, rent capital to the firms, borrow
from abroad, and receive profits from the monopolistic firms. The labor market is
competitive, wages are the same across all households, and both types of households
work the same number of hours. The superscript S indicates a variable associated
with savers (optimizers) and N with non-savers (rule-of-thumb households).

The optimizing household maximizes its utility (Schmitt-Grohe & Uribe, 2003):

0 _ =1 arPl—0 _
EOZBt[OtS o NiT L o>1,0>1 (1)

1—0

subject to the following budget constraint:

e bf by

Cf + I7 + b+ Ry, ———=+ T = WiN, + REK | + Ry a— + ) + 11, (2)
€1 Ty Ty

where b; = %f is the real purchases of government bonds, ¢; is a nominal exchange

rate (the units of domestic currency per unit of foreign currency), b} = et%f is the
real foreign borrowings denominated in domestic currency, R;; and R; ;| are the

nominal gross domestic and foreign interest rates, T;° is the real lump-sum taxes,

b
P 1

W, is a real wage, RF is the real rental cost of private capital, 7, = is inflation,
and II; is the real profits transferred from the monopolistic firms.
Each i € {S, N} type of households has the CES consumption preferences over

domestic and foreign goods with n > 0 as an elasticity of substitution between goods:

/.
n=1 1 n=1 n—1

Coli) = |77 Cply () + (L =7)"Cpry ()]

where v is a home-bias parameter, while (1 —+y) is a degree of openness. The typical
consumption expenditures minimization by a household delivers the following CPI
index:

1
Po=[P"+ (1 —y)P"

which assumes the unit elasticity of substitution between domestic and foreign goods



n = 1 asin Gali (2008) for deriving the Phillips curve in Appendix 6.3. The aggregate
consumption in turn is Cy = pCN + (1 — u)Cy.

The law of motion for private capital is specified according to Gali, Lopez-Salido,
and Valles (2007):

S

I
KS=(1- 5)K§1+/@(

75 ) Ky, K >0, k<0, &0)=1, 6(6)=6 (3)
i1

The collateral constraint relates gross foreign liabilities to a future value of capital
(Faia & Iliopulos, 2011) and always binds, assuming that foreign debt is permanently
high in this economy?:

Rity = BT sy (4)

err1/e
where ), is a real shadow value of capital (Tobin’s Q) and €2 is an upper bound of
leverage ratio.
The problem of the optimizer is, therefore, to maximize (1) with respect to
CS I7, K?, b, b, N; subject to (2), (3), and (4). The first-order conditions of
this problem are below, where A, )\f , and A&, are the Lagrange multipliers of the

constraints (2), (3), (4) respectively.

1
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I E t+1 8
R, ﬁt{UCtS Pt-H} ®)
1 UCS Pt €11
R E t+1 9
Rf 6 t{ UCS Pt+1 €¢ +§t ( )
W, = N/ (10)

By dividing (9) into (8), we get the following uncovered interest rate parity (UIP)

2Qccasionally binding collateral constraint is ruled out because it requires global solution meth-
ods, which may be infeasible to apply in such a complex model.



condition:

R U,
L = Etﬂ -+ éEt { Cts 7Tt+l} + COUq¢, (]_1)

R: €t 6 ch

t+1
where cov; captures covariance terms.
The rule-of-thumb household has the same preferences as the optimizer. It

chooses only consumption and labor and its budget constraint is simply this:
CN 4+ TN = W,N, (12)

The first-order conditions with respect to N; and C are identical to the opti-
mizer’s solutions. Thus, the rule-of-thumb household faces the same labor supply
condition (10).

2.2 Firms

Following Gali, Lopez-Salido, and Valles (2007), there are monopolistically compet-
itive firms producing differentiated intermediate goods, and a perfectly competitive
firm producing a final domestic good. The final domestic producer has a constant

returns technology:

€
-1

1 e
Y, = /Xt(j)afldj ,
0

where X;(j) is the input amount of intermediate good j and € > 1 is the elasticity of
substitution between differentiated intermediate goods. It maximizes profit taking
as given the domestic final goods price P/ and intermediate goods prices P/*(j) such

that the optimal demand allocation is as follows:

X,(0) = (Pfh(j’)_sn (13)

Each intermediate goods firm maximizes its profits subject to three constraints.

First, the identical Cobb-Douglass production function includes private capital, la-

bor, and public capital.
Yi(j) = A1 ()" Ne(i) K& (14)

where the level of technology A; and the usage of public capital are common to all
intermediate firms.
The second constraint is the demand schedule each firm j faces (13). Third is that

some firms cannot adjust their prices, according to price stickiness (Calvo, 1983).

8



Each period, a fraction (1 — 6) of firms adjusts their prices, while the respective
fraction 6 keeps their prices unchanged; thus, # is an index of price stickiness.
Cost minimization, taking the real wage and rental cost of capital as given,

implies the following real marginal cost common to all intermediate firms:

Wi (RY)”

MG, = ) 1
AKG, (1 —a)t~@a®

(15)

The price setting decision involves picking P/*to maximize

> _ Ph*
ZekEt {Dt,t+kY;f+k(j) <P;h - MCt+k> } )
k=0

— tk

Uqs
S
ch

Where Dt,t+k = BkEt(

ing household’s problem: subject to the demand constraint according to (13):

) is a stochastic discount factor coming from the optimiz-

The first-order condition of this price setting decision is as follows:

o0 ) Ph*
> 0 E, {Dt,t+m+k<y> ( B pMCt+k)} =0, (16)
k=0

t+k

_£_
e—1

The Phillips curve for a small open economy is derived according to Cali (2008) in

where pf = is a frictionless price markup.

Appendix 6.3. It differs from the standard closed-economy version due to distinction
between domestic price inflation and aggregate CPI inflation; thus, the economy’s

average real marginal cost includes the real exchange rate in addition.

2.3 Fiscal policy

The government collects lump-sum taxes and issues one-period bonds to finance its
interest payments and expenditures, which are assumed to go exclusively to home
goods. The expenditures include public consumption G¢ and public investment G.

The government budget constraint can be written as follows:
b+ Ty = Gf + GY + Ri_1b; 1, (17)

where T, = (1 — )T} + pTN.



Public investment is productive, so that the law of motion for public capital is
given by this:
Kai=(1-6)Kgs 1+ G} (18)

The two fiscal instruments, public investment and public consumption, have the
following rules responding to fiscal debt and output in order to capture business
cycles (Traum & Yang, 2011):

— —

G{ = pa;Gl_ + (1 - PGI)WGI?% — Vngtfl) +e! (19)
Gf = pacGf+ (1 - PGC)(ﬂGC?t - VGCBt—l) +e’C (20)

Hats, hereafter, denote the deviations of variables from their steady states.

Since fiscal debt clears the government budget constraint, the lump-sum taxes
require a separate equation, which includes fiscal debt and public spending similar
to Gali, Lopez-Salido, and Valles (2007):

Ti = i1 + ;G + G (21)
Note, there is no shock to lump-sum taxes in (21) assuming that fiscal debt is

not generated by the tax cuts in the first place; only public investment and public

consumption can suddenly increase.

2.4 Monetary policy

The nominal interest rate responds to its lagged value, CPI inflation, output, and

the nominal exchange rate according to the Taylor rule below:
Ry = pRoy + (1= p) |9, + 0,Y0 + 6,8 + e (22)

Foreign exchange intervention as a purchase of foreign currency by the central
bank has its separate rule responding to the nominal exchange rate and its rate of
depreciation® (Sarno & Taylor, 2001):

ﬁt = 18 +ay A e+ €™, where a; <0, ag <0 (23)

Reserves or net foreign assets of the central bank can be affected by its foreign

exchange intervention:
NFAt = NFAt,1 +Intt (24)

3Since the exchange rate is defined as a price of foreign currency in terms of domestic currency,
the higher A €; is, the more domestic currency depreciates.

10



2.5 Market clearing conditions

Labor, capital, and goods markets clear according to the following conditions:

1 1
N, — / NG, K= / K(j)dj = (1 — ) K§
0 0
Y, =Ci+ (1= p)I} + G + G + NX, (25)

The balance of payments of the domestic economy requires that the sum of
current account and financial account should be equal to the change of central bank

reserves which is, according to equation (24), the foreign exchange intervention:

*
& btfl

NX, = (1-p) ( o O b bz) T Int, (26)

€—1 Ty

2.6 The foreign world

The foreign world is specified by the following three equations:

Y=oy Vit (27)
Ry = domy + &))" + ¢ (28)
=B B, + A (a+¢1_a*)1§ (29)

The Phillips curve (29) is in accordance with the standard New Keynesian model

(Gali, 2008), assuming that the foreign world is a relatively large economy.

The model includes 16 endogenous variables constituting a system of 16 equa-
tions, where the variables are represented in log-deviations from their steady states:
inflation 7;, the aggregate consumption of households (Z, hours worked ]/\\ft, domestic
interest rate ﬁt, net exports NX ¢, foreign exchange intervention mt, foreign inter-
est rate }A%;‘, foreign inflation 7, foreign output ?t*, foreign debt 32‘, private capital
[?t, public capital f?c,m nominal exchange rate ¢;, fiscal debt Zt, public consump-
tion C/l? , and output EAQ The system of log-linear equations consists of the Taylor
rule (22), foreign exchange intervention policy (23), public consumption equation
(20), three foreign world expressions (27, 28, and 29), and the other 10 equations
represented in Appendix 6.4.
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3 Calibration

All values for the parameters can be divided into three sets: standard values bor-
rowed from other studies because of the non-availability of respective Hungarian
data, fixed values borrowed from the estimated Hungarian DSGE model (Vilagi,
2008), and specifically calibrated parameters for this model. The full list of cali-
brated parameters is provided in Appendix 6.1. The first set includes depreciation
rates for private and public capital § = 0.025, 67 = 0.02 (Traum & Yang, 2011),
frictionless price markup p? = 0.2, the elasticity of investment with respect to To-
bin’s Q z = 1 (Gali, Lopez-Salido & Valles, 2007), the inverse of intertemporal
elasticity of substitution for consumption o = 2 (Schmitt-Grohe & Uribe, 2003),
the elasticity of wages with respect to hours worked ¢ = 2, output response in the
Taylor rule ¢, = 0.125, and the exchange rate change response in the intervention
rule ap = —0.62 (Gartner, 1987). The foreign parameters are set at their stan-
dard values: 5 = 0.99, ¢* = 2, inflation and output responses in the Taylor rule
¢, = 1.5, ¢, = 0.125 (Gali, 2008), price stickiness 6" = 0.75 (Gali, Lopez-Salido &
Valles, 2007), output elasticity to capital a* = 0.32, and persistence in the foreign
output py. = 0.8.

The second set consists of posterior estimates of Vilagi (2008) and his fixed
parameters: the persistence of interest rate p = 0.76, inflation and exchange rate
responses in the Taylor rule ¢, = 1.37, ¢, = 0.025, price stickiness ¢ = 0.9, the
fraction of rule-of-thumb households p = 0.25, and an autoregressive coefficient in
productivity p, = 0.8.

The third largest set consists of calibrated parameters using the averages of
Hungarian data* over 1995Q1-2011Q3 for the steady state of variables derived in
Appendix 6.2. In particular, the ratios of consumption, public consumption, public
investment, net exports, and external debt to GDP are ¢, = 0.66, gyc = 0.1, gé =
0.035, nx, = 0.0001, and b; = 1.16 respectively. The degree of openness is calculated
as a ratio of imports to GDP, 1—~ = 0.69; thus, domestic bias 7 is equal to 0.31. The
discount factor is set to 0.97 because the average T-bill rate is used as a proxy for
the policy interest rate, which is 3 percent per quarter. The domestic interest rate
matters exclusively for the government bonds in this model, as investment is financed
by the foreign debt rather than the domestic financial market. The upper bound of

leverage ratio {2 appears to be 0.14 using the steady state expression of collateral

4The data include real GDP, CPI-deflated consumption, public consumption, fixed capital for-
mation, exports, imports, T-bill rate, CPI, fiscal debt, and fiscal revenues all from the IF'S database
of IMF, the euro-forint exchange rate and external debt in euro from the webpage of the Central
Bank of Hungary.
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constraint (34). The elasticity of output with respect to capital « is equal to 0.45,
higher than its standard level because of the specific steady state rental cost of capital
(31). The elasticity of output with respect to public capital 1) corresponds to 0.08
based on equation (32). The exchange rate response of foreign exchange intervention
oy is —0.12 using the steady state equation for intervention (33). Fiscal parameters
are calibrated based on the steady state expressions for public consumption, public
investment, and lump-sum taxes in Appendix 6.2: Jg; = 1.03, 75 = 0.38, Yoo =
0.4, and ¢; = 0.3.

Some parameters are obtained by running regressions according to the model’s
equations and using the seasonally adjusted log of real data. For example, the
autoregressive coefficient in the public consumption equation (20) is equal to 0.4,
while the output response of public consumption appears to be positive vgc = 1.18
suggesting a procyclical fiscal policy. The lump-sum taxes’ response to fiscal debt
¢, = 0.4 and to public consumption ¢~ = 0.3 are obtained by running the regression

of fiscal revenues on fiscal debt and public consumption.

4 Simulation

The exogenous shocks of 1 percent to public investment, public consumption, and
interest rate are used to examine the impulse response functions in this section.
Two main findings are worth-highlighting. First, public investment and public con-
sumption are the two distinct fiscal instruments which differently affect inflation,
exchange rate, and output. Even if there is a high fraction of rule-of-thumb house-
holds, public consumption does not boost private consumption and output; instead,
the fiscal multiplier of public investment changes significantly. Second, foreign debt
seems to determine the exchange rate, which is important for inflation dynamics due

to its pass-through effect rather than policy interest rate.
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Figure 1. Impulse responses to a public investment shock
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Figure 2. Impulse responses to a public consumption shock
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In Figure 1, the public investment shock accumulates public capital making the

economy more productive, thus decreasing inflation. Low inflation implies a decline

in interest rate, which stimulates consumption and hence hours worked, since there

is a positive correlation between consumption and hours in the model. As labor has

higher output elasticity than private capital, the increased hours worked and the

accumulated public capital raise output in turn. Public consumption rises as well

due to procyclical fiscal policy (positive output responses in the fiscal rules ¥g¢ and

Ygr). The decline in interest rate, meanwhile, encourages households to substitute

government bonds with investment in physical capital; thus, foreign debt increases,

meaning that capital flows in, exerting appreciation pressure on the exchange rate.

The exchange rate appreciation triggers foreign exchange intervention in terms of
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buying foreign reserves and selling the domestic currency by a central bank and,
together with the rise in consumption, decreases net exports. In contrast, the pub-
lic consumption shock in Figure 2 produces the opposite effects through the same
linkages, but originates from increased inflation. In other words, public consump-
tion seems to cause inflation, supporting the fiscal theory of price level, while public
investment is not inflationary. Therefore, monetary policy is tight in response to
a public consumption shock, while it accommodates expansionary fiscal policy if
public investment is made.

As a sensitivity analysis, the model has been simulated under a higher fraction
of rule-of-thumb households than the baseline version assumes, p = 0.75 versus
1 = 0.25, to compare the impulse response functions to fiscal shocks. The figures
in Appendix 6.5 show that the public investment shock does not significantly boost
consumption, hours worked, and output as before, because the decline in interest rate
does not matter for the consumption of rule-of-thumb households who do not have
access to savings. The net exports fall less in turn, as consumption increases less.
Interestingly, the public consumption shock still reduces the private consumption
and output despite the high fraction of rule-of-thumb households, which might be
against the conventional view on fiscal multiplier, but given the increased inflation

this outcome seems plausible in this non-Ricardian setting.

Figure 3. Impulse responses to an interest rate shock
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The positive interest rate shock in Figure 3 reduces the foreign debt as house-
holds prefer to invest in government bonds as opposed to physical capital; thus,
they pay back their foreign debt and refrain from borrowing, which implies that
capital flows out, depreciating the exchange rate. This outcome of exchange rate

depreciation caused by the increased interest rate is not in line with the conven-
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tional Mundell-Fleming model and UIP prediction. According to those traditional
concepts, an increase in domestic interest rate relative to the foreign interest rate
should appreciate the exchange rate, because capital flows into the country. How-
ever, this model explains via its collateral constraint that foreign debt financing the
domestic investments may matter for the exchange rate determination per se. The
sudden stops crisis in emerging open economies, indeed, brought the exchange rate
depreciation due to a shortage of foreign funds supply, loss in foreign reserves by a
central bank, net exports surge due to capital reversals argument (Mendoza, 2010),
and collapses in consumption, hours worked, and output.

Moreover, inflation has increased in response to the interest rate shock because
of the complete pass-through effect from the depreciated exchange rate. This finding
that high interest rate may cause inflation is counterintuitive to the conventional
monetarist view, yet seems to be consistent with the fiscal theory of price level and
associated argument by Leeper (2013) and Cochrane (2011) that in an economy with
high fiscal debt, an increase of interest rate can stimulate demand, thus inflation as

well.

5 Conclusion

This paper develops a DSGE model designed for an emerging open economy to
understand monetary and fiscal policy interactions in affecting inflation, exchange
rate, and output. The model captures a set of structural specifics: two monetary
instruments—interest rate and foreign exchange intervention, two fiscal instruments—
public consumption and public investment, and the foreign debt of private sector to
finance investments via collateral constraint. The constructed framework combines
the New Keynesian model of a small open economy with the two types of households,
optimizing individuals and rule-of-thumb households, and integrates three equations
for the foreign world, relaxing the assumption of Ricardian equivalence.

The novelty of this paper is threefold, as it reveals unconventional findings of an
emerging open economy, supporting the fiscal theory of price level within a debt-
based DSGE framework. First, public consumption is inflationary and has a negative
fiscal multiplier as opposed to public investment, which boosts output and does not
bring inflation. Second, the exchange rate is determined by the level of foreign
debt to finance investments, rather than by the interest rate difference. Third, the
pass-through effect from the exchange rate to inflation is significant, while its raised
policy interest rate may contribute to inflation. Overall, emerging open economies

may prefer to have public investment rather than public consumption, stay aware
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of the foreign debt effect on the exchange rate, and be cautious with policy interest

rate, as its increase can cause inflation, contrary to the traditional monetarist theory.
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6 Appendix

6.1 Table of parameters

Parameter Definition

8 =0.97 discount factor

v =0.31 home-bias in consumption

0=0.14 the upper bound of leverage ratio

a =0.45 output elasticity to private capital

¥ =0.08 output elasticity to public capital

0 =0.025 the depreciation rate of private capital

09 =0.02 the depreciation rate of public capital

p=0¢" =2 wage elasticity to hours worked, domestic and foreign
oc=2 the inverse of intertemporal elasticity of substitution for C;
0=09 the index of price stickiness

P =0.2 frictionless price markup

w=0.25 the fraction of rule-of-thumb households

¢, =137 inflation response in the Taylor rule

¢, = ¢, = 0.125 output response in the Taylor rule, domestic and foreign
¢, = 0.025 nominal exchange rate response in the Taylor rule

a; = —0.12 exchange rate response in the intervention rule

as = —0.62 exchange rate change response in the intervention rule
Yoo =04 the response of public consumption to fiscal debt

Yor = 0.38 the response of public investment to fiscal debt

Par = 1.03 the response of public investment to output

Jac = 1.18 the response of public consumption to output

v, = 0.4 the response of lump-sum taxes to fiscal debt
vo=0.3 the response of lump-sum taxes to public consumption
p; =03 the response of lump-sum taxes to public investment
Pac = par = 0.4 persistence in public consumption and public investment
p=0.76 interest rate persistence in the Taylor rule

p, = py~ = 0.8  persistence in productivity and foreign output

z=1 investment elasticity to Tobin’s Q

¢y, = 0.66 private consumption-to-GDP ratio

gyc =0.1 public consumption-to-GDP ratio

gé = 0.035 public investment-to-GDP ratio

nx, = 0.0001 net exports-to-GDP ratio

b, =1.16 external debt-to-GDP ratio

£ =0.99 foreign discount factor

¢r =15 foreign inflation response in the Taylor rule

0" =0.75 foreign price stickiness

af =0.32 foreign output elasticity to capital

6.2 Steady state

The steady state values for the endogenous variables denoted by bars are shown in
terms of the model’s parameters in this appendix. The first-order condition with
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respect to government bonds b; (8) gives that R = %, while with respect to foreign

debt bF (9) suggests £ = 3* — 3 at steady state. Similarly, B = ﬁi

— o =(—pap)?
The public investment equation (19) can be represented as G; = &= oly raral

p—rcVGI )

- -0
which allows expressing G = %. Similarly, the steady state public consumption

N v
is as follows based on the equation (20) G¢ = % The public capital accumulation

N =7 v
equation (18) provides public capital Kg = ?—; = %, from which fiscal debt can
vUGr

var
K—G(Sg) . The steady

state lump-sum taxes can be found by plugging the previous three equations for

fiscal debt, public consumption, and public investment into the tax equation (21)
Ygren—Ygrecrgetdceecrcr

be expressed in terms of output and public capital b = <

T=YX . Therefore, the government budget constraint (17)
(K_G(Sg) TGI
can be written in terms of output and public capital:
Yﬂcf 1/var YﬁGIWb*ﬁGIV’CA/WGGICJFﬂGC“PCWGI B Yﬁm 1/var
K9 t——— eceeas - = B KoY + (30)
G (Kgég) YGT G

[fe) ialele]

YRG! + Y e (Rgo9)ar

The first-order condition with respect to capital (7) given that Q = 1 yields the
following steady state rental cost of capital:

R==-—-(1-0)—-=> (31)

The problem of a firm is to equate the real marginal cost (15) with the inverse of
price frictionless mark-up u” at steady state (Gali, 2008); thus, wage can be found

as: L
—) o =
W=(1-a) (%i)
(R)pw

- 1
The labor supply condition (10) gives N = W', Therefore, the production
function (14) suggests that output can be expressed in terms of private capital and

public capital:
1
v a(1 — o)l ¢-1
Y = K°Kgo T % (32)
(R)ep?
This means that the government budget constraint (30) can be rewritten in terms of
the both types of capital constituting the first equation in the system. The second
equation in that system comes from the market clearing condition shown gradually
below. L
The law of motion for physical capital (3) suggests [ = 0 K.

TN _ T-(0-pTs

The steady state taxes of rule-of-thumb households are equal to .
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given that T, = pT + (1 — p)T7, while the taxes of optimizers can be found
from their budget constraint (2) given that both types of households have equal
consumption at steady state.

S _ . _ — _ p__1__ _
T5 = i (R’“—5)K+b(R—1)+b*(1—R*)+“7Y +T

The budget constraint of rule-of-thumb households (12) provides their consump-
tion CN = WN — TN, which is assumed to be equal to the consumption of optimiz-
ers, thus to aggregate consumption, given that it sums up the consumption of both
households: C = uCN + (1 — u)C5.

The steady state exchange rate can be found from the Taylor rule (22):

~ [ & ]1/%
€= | —
Yy

According to the intervention rule (23), the foreign exchange intervention is as

follows: L
Int =e* (33)
The collateral constraint (4) allows expressing the foreign debt in terms of private
capital:
— QK
R

The balance of payments equation (26) provides the steady state net exports:

o = q91/¢,
N¥—(1-p) (QF_Q_—ff) i [_R ]
R Yy

Therefore, the market clearing condition (25) can be utilized as a second equation
in the system to find the private and public capital:

— R — _Yqrige ol — — QF R Pe
Y = 0K + Kao? + Y e (Kgo?)ar +C+(1—p) (QK— §*>+[ - ] ,

where output is plugged from the equation (32).

Since private and public capital can be found in the system of two equations
(30 and 35), we can extract all the other steady state variables from our earlier
substitutions: output, investment, consumption, hours worked, fiscal debt, pub-
lic investment, public consumption, lump-sum taxes, foreign debt, exchange rate,
intervention, and net exports.

6.3 The Phillips curve

The Phillips curve for CPI inflation in a small open economy has been derived
according to Gali (2008). The log-linearized optimal price setting condition (16)
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can deliver the standard equation for domestic inflation 7/

h _ h —
Ty = BEtﬂ'tJrl + )\mct,

where mc; is the log deviation of the economy’s average real marginal cost from its
steady state and \ = w.
The CPI inflation includes the domestic inflation 7 and the terms of trade,

which can be alternatively represented by the real exchange rate RER;:
1—
m=n"+~—L AImRER, (36)
Y

where A In RER; =A Ine, + 7w} — 7.
The Phillips curve is as follows taking into account the previous CPI inflation
equation (36):

_ 1-— 1—
T = BB + dmey — ﬁ—fy AImRER; + it A In RER;,
g Y

where mc; = 171\4 — (?t — ]/V\t)—i- 1%VR/EEt

The real exchange rate can be derived from the international risk sharing con-
dition typically considered in a small open economy. For this model, I equate the
first-order condition with respect to foreign debt (9) with the analogous counterpart
relevant for the foreign world, assuming that foreign securities are internationally

traded:
UCs P e Uc*S P*
E t+1 t Ct+1 — B*E t+1 t
8 { T el GEL R By el BE2
which can be rewritten as follows given that the law of one price holds, RER, = %
Ugqs * Upns E
Et Ct+1 _ B_Et Ct+1 R Rt (37)
UCtS ﬁ UC:S RERt+1

I assume that the domestic economy and the foreign world have identical house-
hold utilities and equal hours worked N; = N;. Therefore, the previous equation

s_ N7
(37) can be represented as RER, = & (Cf—¢> , the log-linearization of which

B C:S_NT;’
ends up to:
=3 — w7 7
— oCS — oC*  —~ oN oN —~
RERt:WCF—WC’Q‘Jr — % = Ny,
C - C -5 C - C -5

Whereé\t* :}//\t* and C* = 1.
Given the aggregate consumption equation C; = puCN + (1 — u)C? and the
equal consumption of both households at steady state, the consumption of optimizer

cY = %, while the consumption of rule-of-thumb household can be derived
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— —b , —~ — ~
from its budget constraint CN = %Nt - %TtN . Following Gali, Lopez-Salido,

and Valles (2007), I plug the lump-sum taxes rule (21) in ij\v and obtain the following
equation for the consumption of optimizer:

—~ 1~ N6~ TN [ - Koy — (1= 6)Kq, —~
cs —— [ N ( 6a )G’“)wcG?)

- | o o @pbi—1 + ¢ ( 59
Finally, combining the equations for consumption of optimizer C7, real exchange

rate RER;, and average real marginal cost mc;, the Phillips curve of CPI inflation
is as follows:

70 7P 7P
1— oN oN oulN
T = BEtT('t_A,_l""}//\([ 7 ~° — ~° I — /%d) ¢ + (38)
To\1-5 8= (CF-=-"5)(1—p)
—~ 1—-~ oC% 1 - T~ Kor—(1—6EKq,
+¢]Nt+ ’7[_ —¢( At M _( Gt ( . ) Git—1 +
VoS- lop (1= O 0

o~ —_ g —~ o~ « %
+opbe—1 + ‘PCGtC)) - ~° Vi =Y) —(1— 7)6Et7rt+1 + (1 —v)mf —
-

—B( —=y) B+ (1 =) 1+ B)er — (1 —7y)e

6.4 Log-linearized equations

The final 10 log-linearized equations of the model are listed below.
The Phillips curve of CPI inflation (38) is derived in Appendix 6.3.
The log-linearization of net exports equation (26) has resulted in the following:

L-wRY 5  (1-pRb _  (1- )b o

NX NX NX
(1—wR'D ~ (1-uwRb Int —
+Tb*_ — + _[’nt s
Nx ! Nx T Nx
where ;;—X can be substituted with the ratio of two parameters ;g’y, external debt-

to-GDP ratio and net exports-to-GDP ratio.
The collateral constraint (4) is log-linearized below:

e > fa ~ o~ 1 > A O
bi = Ki+ Eymp — Ry +e — Eiegy + m[ytﬂ — ¢,Cr1 — g5 GS,, ~40)
g,(1—0%) - 9y 5 7
—nxyNXt+1 + 6—KGt - ﬁKG 1 — (L =73) K],

where (1 — Av“) =1-c,— gyC — gé — nx, and the last term in squared brackets is for

Qt+1 t+1 [/(\t .
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The law of motion for physical capital (3) is as follows:

~ ~ 5 o~ o~ - —
Kt = (1 — 5)Kt_1 + m[n - cth - gthC - nxyNXt + (41)
g,(1 =% = 9y
+y5—KGt 1= 5—gKGt]

The combination of public capital (18) and public investment (19) equation is
below:

Koy = (por+1—08)Kas1— par(l— 0Kz + (42)
+(1 = par)d*(DarYy — varbi-1) + 596?1

The UIP condition (11) after some tedious algebra corresponds to:

By = R, +& - ié: F ﬁgm (43)
B s
where Et is an UIP shock.
The production function (14) implies:
}//\; = Oél?tfl + (1 — a)]/\}t + 1#[?(;71571 + at, zl\t - paatfl + 6? (44)

The combination of log-linearized first-order conditions for capital (7) and in-
vestment (6) given that Rf = ¢N; — K;_; delivers the following:

1 9 =~ nr, —= ¢, A~ [B(L—=0)+Qgl
R e T (TR (T A
I yapui I
g, +[B(1=06)+Q&lg, (1 —67) | ~ g,(1 =089
N L R T
_ 1—6)+0 R
+K g + %(Yiﬂ cyCry1 — 9y Gt+1 nwyNX11) —

—2(Ry — Eymsr) — [B(1 = 6) + Q€+ 2(1 — B(1 — 6) — QO K, +
+2(1 - B(1-9) - QEWEtNtH + 208 (Bymiyr + € — Eier +Et)

The government budget constraint (17) jointly with the lump-sum taxes equation
(21) can be represented as:

A - . Kor—(1—6EKq, —~
by = Upby 1 + OBy + Uy ( G~ 5 Ko 1) +0,GE, (46)
where its coeflicients are below in details.
bR — Ty,

Uy = ————
bR+GI+GC¢ —-T
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bR

VvV, ==
bR+G!I +G¢ —-T
Vpy = =t ——
bR+GI+GC¢ —-T
GC — Ty

Vy=————-on———

bR+ G +GC =T
The aggregate consumption equation is derived according to Gali, Lopez-Salido,
and Valles (2007) by combining the Euler equation (8), budget constraint of the

rule-of-thumb households (12), lump-sum taxes equation (21), and the relationship
Cy = pCN + (1 — p)Cy:

@ = Et@tJrl + @nﬁt — @mEtNtJrl - @i<§t — Eymia) + @b/b\t - (47)
__1 _— ~ ~ ~ o~ _
—C " uTNpyb_y + O, E, Y41 + Oy Kay — Opgp K1 + @chtC>

where its coefficients are shown below.

0, = MN¢¢U_1 + 6_1(1 — N)N(z)
O, =C [(1—wN’+ pgN’|

6= (0C0) (1= w)(C - ¢~'N")

0, =T uT™p, — er76:1(1 = par) — cvao(l = poc)]
0, = ﬁ_lﬂﬁ[%ﬁm(l — par) +vc¥ac(l — pac))
Oy = (C8%) TN @1 (per — 1)
Orgr = (C6) TN (1 — 6)p;(per — 1)

__1 —_—
Oge = C "IN pe(pae — 1)
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6.5 Impulse response functions under ;= 0.75

Figure 1. Public investment shock
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Figure 2. Public consumption shock
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