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Abstract

This dissertation studies monetary and fiscal policies jointly, with their respective policy
rules in a small open economy. Policy interactions have attracted new research interest
since the 2008 crisis due to a global increase in fiscal debt. The first chapter extends the
standard New Keynesian model of a small open economy with the structural specifics rel-
evant for emerging market countries: two instruments of monetary policy — interest rate
and foreign exchange interventions, two instruments of fiscal policy — public consumption
and public investment, two types of households — forward-looking and rule-of-thumb con-
sumers, and foreign debt via collateral constraint. Imperfect capital mobility is assumed,
as foreign borrowings are restricted and there is a positive steady state difference between
the domestic and foreign interest rates, due to more impatient households in the domestic
economy. Parameters are calibrated for Hungary and the model’s simulation is compared
between two cases: with and without a collateral constraint.

The results show that fiscal and monetary policy shocks transmit to the economy
differently from the standard Mundell-Fleming model. A positive public investment shock
can cause exchange rate depreciation and crowd out private capital, expanding output
due to the accumulation of public capital. Public consumption, in contrast, alters the
demand side of the economy, appreciating the exchange rate and stimulating foreign debt.
A monetary policy shock as a sudden increase in the domestic interest rate affects the
main variables consistent with the New Keynesian prediction of nominal rigidities, yet
the dynamics of foreign debt depend on whether a collateral constraint is on or off the
model. The collateral constraint makes the model volatile, due to its Lagrange multiplier
entering the uncovered interest rate parity and affecting the exchange rate.

The second chapter expands the model further by concentrating on a subset of devel-
oping countries that export oil. Thus, the oil production sector, a Sovereign Wealth Fund
(SWF), and a world oil price shock are additionally included. The two types of mone-
tary policy rule, CPI targeting and product price targeting (PPT) according to Frankel
and Catao (2011), are examined across exchange rate regimes and pro/counter/acyclical
fiscal stance based on a loss measure. The loss measure is, according to De Paoli (2009),
represented as a sum of variances in domestic price inflation, aggregate output, and real

exchange rate that is minimized to find the optimal Taylor rule in a small open economy.



Based on calibration for Kazakhstan, the study reveals that the best policy combina-
tion is a countercyclical fiscal stance and managed exchange rate regime with the PPT
monetary anchor. This allows the fiscal policy to countercyclically offset a volatile terms
of trade shock, to which developing countries are often exposed. It also allows the ex-
change rate to be managed by the central bank’s interventions, which seem beneficial in
providing a stable exchange rate since the economy borrows from abroad, imports foreign
goods, and depends on the world oil price. It also suggests the appropriate monetary pol-
icy to target product price inflation, which includes oil price inflation that is important
for the oil sector’s exports and delivers a better stabilization of exchange rate than the
CPI anchor. However, if a flexible exchange rate regime is institutionally chosen, then the
CPI targeting should be adopted, since it effectively stabilizes the domestic price inflation
and aggregate output.

The third chapter in this dissertation finds an optimal public investment path for
resource-rich low-income countries by modifying a perfect foresight general equilibrium
model of Berg, Portillo, Yang, and Zanna (2013) in several respects: The policy rule
for public capital is introduced. Public capital accumulation involves the effective public
investment with its absorptive capacity constraint costs captured by a single parameter.
External saving is an additional fiscal instrument which clears the government budget.
There is a variable share of resource revenues to accumulate the SWF, and the natural
resource sector has its real FDI shock. Based on calibration for African countries, the
study finds that the front-loaded public investment path is optimal given an initial one-
period resource windfall, absorptive capacity constraints in the economy, and capital
scarcity. This result also holds under less productive public capital, while a scenario of no
resource windfall produces the welfare loss due to a steady increase in consumption tax

to finance public investment.
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Introduction

Macroeconomic models have been extensively transformed from their real business cycle
theory, which explains economic fluctuations by a technology shock, to the New Keynesian
framework, which includes monopolistic competition and nominal rigidities to highlight
a non-neutrality of the monetary sector. The latter dynamic stochastic general equilib-
rium (DSGE) models have provided a foundation for monetary policy analysis not only
among academic researchers, but also practitioners in various institutions, including cen-
tral banks. Since 1993, monetary policy has been conveniently specified by its Taylor rule,
which interprets the reaction function of a central bank in a simplified manner.

Fiscal policy, in contrast, does not have a universally accepted rule, apart from a
standard government budget constraint, and may vary depending on models’ specifics
and country experiences. The fiscal role is, therefore, often downplayed and relatively
limited in the field of monetary economics, which basically supports the independence of
central banks. The traditional quantity theory of price level has been recently challenged
by the fiscal theory of price level, and thus concepts of monetary dominance versus fiscal
dominance have emerged. The global crisis of 2008, when many countries accumulated
their fiscal debt, has brought attention to monetary and fiscal policy interactions and
whether a central bank is capable alone of achieving its price stability goal.

This dissertation studies monetary and fiscal policies jointly, with their respective
policy rules in a single DSGE framework for emerging market economies. The first paper
extends the standard New Keynesian model of a small open economy with the structural
specifics relevant for emerging market countries: two instruments of monetary policy —

interest rate and foreign exchange interventions, two instruments of fiscal policy — public



consumption and public investment, two types of households — forward-looking and rule-
of-thumb consumers, and foreign debt via collateral constraint. The second paper expands
the model further by concentrating on a subset of developing countries that export oil.
Thus, the oil production sector, Sovereign Wealth Fund (SWF)!, and world oil price
shock have been additionally included. The two types of monetary policy rule, CPI
targeting and product price targeting (PPT) according to Frankel and Catao (2011),
are examined across exchange rate regimes and pro/counter/acyclical fiscal stance. The
third paper abstracts from monetary policy and stochastic framework, finding an optimal
public investment path for resource-rich low-income countries in a perfect foresight general

equilibrium model.

1Since 2000, the number and assets of SWFs have rapidly increased because of commodity prices
and Asian current account surpluses (Klitzing, Lin, Lund & Nordin, 2010). Countries tend to have
small financial systems to absorb huge capital inflows and therefore set up SWFs separately from their
government and central bank to prepare for the future when surpluses may cease. The commodity-
exporting countries thereby try to cushion the effects of volatile world prices on the economy and budget,
still having a positive fiscal debt to keep their limited securities market functional, including open market
operations by the central bank.



1 Monetary and Fiscal Policy Interactions in an Emerg-
ing Open Economy: A Non-Ricardian DSGE Ap-

proach

1.1 Introduction

For over two decades remarkable progress has been made in macroeconomic modeling 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 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 (Tovar, 2009), the DSGE models inject an increased discipline to judgement,
thinking, and communication about monetary policy. Apart from advanced economies,
those models are estimated for emerging markets as well (Castillo, Montoro & Tuesta,
2013; Silveira, 2008; Andrle, Hledik, Kamenik & Vlcek, 2009; Jakab & Vilagi, 2008; Ze-
man & Senaj, 2009; Iordanov & Vassilev, 2008; Lee, 2012). However, fiscal policy in this
framework is usually passive; thus, it is either ignored or specified simply by a balanced
government budget with a limited role for fiscal debt. In other words, Ricardian equiv-
alence holds, due to forward-looking consumers, and monetary dominance is assumed,
resulting in a weak fiscal side in the models.

Yet, the post-crisis situation shows that active fiscal policy has been implemented

2The earlier version of this work was issued as the CERGE-EI Working Paper 2012, 476, 1-28.



globally, causing high fiscal debt across countries. In addition, the developed world has
reached its zero lower bound of interest rates, when expansionary fiscal policy can be quite
effective in terms of stimulating economic activity (Christiano, Eichenbaum & Rebelo,
2011; Eggertsson, 2011; Woodford, 2011) and may interact with the influential monetary
policy that should be captured jointly in a 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, based on 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 a 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), a persistent fiscal deficit without tax
or spending adjustments inevitably causes 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 targets 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 interac-
tions 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 modeled jointly with
the Taylor-type monetary policy rule (Schmitt-Grohe & Uribe, 2007; Leith & Wren-Lewis,
2013; Chadha & Nolan, 2007). The second stream focuses on the fiscal multiplier defined
as the ratio of a change in output to an exogenous change in the fiscal instrument (Wood-
ford, 2011; Davig & Leeper, 2011; Cogan, Cwik, Taylor & Wieland, 2010; Christiano,
Eichenbaum & Rebelo, 2011; Eggertsson, 2011), apart from the various econometric es-
timations, 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
appropriate savings. This might result in a relatively low fiscal multiplier, because once
there is a fiscal expansion, active monetary policy tightens and a high interest rate en-
courages households to save rather than to consume; thus, consumption declines.

Realizing this problem in assessing fiscal stimulus, researchers have suggested incor-
porating 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 simply consume their dis-
posable 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 consumption consistent with the evidence, due to
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 (Kumbhof,
Laxton, Muir & Mursula, 2010) also distinguishes these two types of households 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, Kumhof, Laxton, Muir & Mursula, 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 hybrid monetary policy using at least two instruments:
the interest rate in accordance with the standard Taylor rule to target inflation and foreign
exchange interventions to manage the exchange rate (Ghosh, Ostry & Chamon, 2016).
Second, fiscal policy can be active trying to stimulate the economy through an increase of

public consumption and/or public investment! and not through cutting taxes, which are

3The liquidity-constrained households are relevant to assume especially in the emerging market coun-
tries, which often have their underdeveloped financial system domestically.

4Public consumption and public investment should be treated as the two separate fiscal policy instru-
ments, because the former stimulates demand, while the latter can affect supply by accumulating public
capital in a production function. According to Aschauer (1989), there is a positive relationship between

10



relatively inflexible to change and distortionary. Third, emerging economies often have a
private sector 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) rather than
to a financial accelerator mechanism a 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.

The aim of this paper, therefore, is to build a DSGE model for an emerging open
economy capturing these three structural specifics with a collateral constraint on foreign
borrowings. Based on the constructed model, the focus is to understand how multiple
instruments of monetary and fiscal policy interact to jointly affect the economy under two
cases: with and without a collateral constraint. Imperfect capital mobility is assumed, as
foreign borrowings are restricted and there is a positive steady state difference between
the domestic and foreign interest rates, due to more impatient households in the domestic
economy. According to the impossible trinity, therefore, an independent monetary policy
in terms of inflation targeting and a managed exchange rate regime are feasible under
imperfect capital mobility. In addition to monetary and fiscal policy shocks (interest rate,
public investment, and public consumption), the impulse-response functions to a foreign
demand shock are also examined, which increase the foreign interest rate.

The model takes stock of existing relevant studies, combining them and modifying
their approaches to fit the specifics of an emerging market economy. In particular, the
New Keynesian framework of a small open economy laid out in Gali (2015) is extended by
two types of households, similar to Gali, Lopez-Salido, and Valles (2007), and introducing
a foreign exchange interventions rule, like in Benes, Berg, Portillo, and Vavra (2015).

The collateral constraint is borrowed from Faia and Iliopulos (2011), yet it is pinned on

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.

11



private physical capital, as opposed to durable goods. The Cobb-Douglass production
function has three inputs: labor, private capital, and public capital, which is accumulated
by public investment (Traum & Yang, 2015).

The calibration of the model is based on Hungary as the first economy among all
emerging markets severely hit by the global financial crisis already felt in mid-October
2008. International organizations were called on for support using their emergency fi-
nancing arrangements. In 2009, Hungarian real GDP fell by 6.7 percent, the euro-forint
exchange rate depreciated by 12 percent, unemployment increased to 9.8 percent, posi-
tive 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 significantly,
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 GDP,
while external debt reached 97 percent of GDP at the end of 2007 (IMF, 2008).

In section 1.2, the model is outlined with its two types of households, standard optimiz-
ers and rule-of-thumb households, firms acting in a monopolistically competitive market,
two monetary policy rules, and respective fiscal policy rules. Section 1.3 describes the
calibrated values for parameters, the list of which is provided in Appendix 1.6.1. Section
1.4 examines the impulse-response functions and volatilities with a collateral constraint
and without it, including sensitivity to a higher population fraction of rule-of-thumb

households than in the baseline simulation. Section 1.5 concludes.

1.2 Model

The model has several frictions: an incomplete asset market, capital adjustment costs,
collateral constraint, and the Calvo price setting. The crucial underlying 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
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foreign interest rate, which is consistent with the evidence, reflecting a possible default
risk premium and/or expectations about future exchange rate depreciation.

Since there are two types of households, only forward-looking consumers borrow from
abroad and have a collateral constraint on physical capital. They also hold the domestic
government bonds, own firms, rent capital to those firms, decide about investment, and
receive transfers from the central bank. The firms monopolistically set prices on their
intermediate goods a la Calvo (1983) and their profits are transferred to the forward-
looking households. Labor market is assumed to be competitive, without unions or high
households’ bargaining power over wages in the emerging market setting.

The Taylor rule includes lagged interest rate, CPI inflation, and output, but there
is also a rule for the foreign exchange reserves responding to the exchange rate and its
change (Benes et al., 2015). Public consumption and public investment respond to fiscal
debt and output, capturing a procyclical fiscal policy.

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

asterisk.

1.2.1 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 decisions. The other (1 — p)
fraction of households are forward-looking households who hold government bonds, invest
in private capital, rent the capital to firms, borrow from abroad, and receive profits
from the monopolistic firms and transfers from the central bank. 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

(forward-looking consumers) and N with non-savers (rule-of-thumb households).
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The forward-looking household maximizes its utility (Schmitt-Grohe & Uribe, 2003):

o0 S _ o —1arP1l—0 _
EOZ/at[Ct 0N L p>1, 0>1 (1)

l1—0
=0

subject to the following budget constraint:

er by by

CS 4+ I8 + b, + R;’;le—t;—l +T° = WiN, + RFKS | + Rt_l;—l +0f+ 1L+ CB;, (2)
t—1 Tt ¢

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

(the units of domestic currency per unit of a foreign currency), b; = et%‘* is the real
foreign borrowings denominated in composite consumption goods, R;_; and R; ; are the

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

real wage, RF is the real rental cost of private capital, m; = Pi - 18 inflation, II; is the real
profits transferred from the monopolistic firms®, and C'B, is the central bank’s transfers
in a form of real foreign exchange reserves (see equation 23).
The law of motion for private capital is specified according to Gali, Lopez-Salido, and
Valles (2007):
S S Ip S
! " /!
K =01-0)K,+=k (E) Ky, >0, k<0, k(0)=1, k(0)=0 (3)
The collateral constraint relates gross foreign liabilities to a future value of capital

(durable goods in Faia & Iliopulos, 2011) and always binds, assuming that foreign debt is

permanently high in this economy?®:

Ribp = B QT sy (1)

€t+1/€t

where @, is a real shadow value of capital (Tobin’s Q) and €2 is an upper bound of leverage

ratio.

S = Yi(pnt — MCy), where Y, is final output, pp, ; is the relative domestic price of goods to composite
consumption, and MC; is the marginal costs of monopolistic firms to composite consumption.

6Qccasionally binding collateral constraint is ruled out because it requires global solution methods,
which may be infeasible to apply in this complex model.
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The problem of forward-looking household is, therefore, to maximize utility (1) with
respect to consumption CF, investment I, capital K, government bonds b;, foreign
borrowings b}, and labor NN; subject to the budget constraint (2), capital accumulation (3),
and collateral constraint (4). The first-order conditions of this problem are below, where

A, AF, and A\ AS are the Lagrange multipliers to the constraints (2), (3), (4), respectively.

1
T — >‘t (5)
s _ N
o - %]
1 AP
Q: 5\ where Q; = )\—t (6)
/ t t
" (K)
A1 | ok ]t%rl ' Igi-l ]El—l Q1741
- F 1— o)== =
Q=B {5352 Bl Qua (1- 0 wCiEh) — (D ) |4 e
1 Aty }
— — BE 8
R, 6 t{)‘tﬂ't+1 ( )
1 At41 €41
Bl —— A 9
R* 6 t{ At €141 A ()
W, = N (10)

The rule-of-thumb household has the same preferences as the saver. It chooses only

consumption C¥ and labor N; and its budget constraint is simply this:

The first-order conditions with respect to C) and N; are identical to the saver’s
solutions. Thus, the rule-of-thumb household faces the same labor supply condition (10).
Each i € {S, N} type of household has the CES consumption preferences over domestic

and foreign goods with 1 > 0 as an elasticity of substitution between goods:

where v is a home-bias parameter, while (1 — 7) is a degree of openness. The standard

15



consumption expenditures minimization by a household delivers the following CPI index:

P, = [WP;;” + (1 - ’7)P}’t_77] =1 or 1= 7p}11,_t77 + (1 . V)RER%_H,

et P
P

where py, ; is a relative price of domestic goods to composite consumption and RER, =

is a relative price of foreign goods to composite consumption (real exchange rate).
The aggregate consumption is a sum of two households’ consumption: C; = uCY +

(1 — w)C?. Similar to private consumption, investment is the CES basket with the same

home-bias parameter v and CPI for simplicity.

1.2.2 Firms

Following the basic New Keynesian framework, there are monopolistically competitive
firms producing differentiated intermediate goods, and a perfectly competitive firm pro-
ducing a final domestic good. The final domestic producer has a constant returns tech-

nology:
1 =1

y, = /ij:dj |

0

where V;(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 good’s price P and intermediate goods’ prices P'(j) such that

the optimal demand allocation is as follows:

V() = (PP“))Y (12

Each intermediate goods firm maximizes its profit subject to three constraints. First,
the identical Cobb-Douglass production function includes private capital, labor, and pub-
lic capital:

Yi(j) = K1 ()N () K&y (13)

where the usage of public capital is common to all intermediate firms. The second con-

16



straint is the demand schedule each firm j faces (12). The third one is that some firms
cannot adjust their prices due to price stickiness (Calvo, 1983). Each period, a fraction
(1 — 0) of firms adjusts their prices, while the respective fraction 6 keeps their prices
unchanged; thus, ¢ is an index of price stickiness and the domestic price index evolves as
follows:

(PP)'=5 = 0(P}))~" + (1 — 0)(P})'

Cost minimization, taking the wage and rental cost of capital denominated in domestic
goods as given, provides the following real marginal costs common to all intermediate

firms:

(14)

The price setting decision involves picking P/*to maximize

o . Ph*
Z GkEt {Dt,t+kY;5+k(.7) (PZ - mCt+k> } )
k=0

t+k

U,.s
where Dy = ﬁkEt(%) is a stochastic discount factor coming from the forward-
Ct

looking household’s problem, subject to the demand constraint according to (12):

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

o L . Pth* B e B
2 0B DeerYew(i) | 5 — ——mewes ) 1 =0, (15)

k=0 i+k

where —=; is a frictionless price markup.
The Phillips curve for a small open economy is derived according to Gali (2015) in
Appendix 1.6.3. It differs from the standard closed-economy version due to a distinction

between domestic price inflation and CPI inflation; thus, the economy’s average real

marginal costs include the real exchange rate in addition.
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1.2.3 Fiscal policy

The government collects lump-sum taxes T; and issues one-period bonds b, to finance the
government purchases, which include public consumption G¢ and public investment GY.

The government budget constraint in real terms is as follows:

by
(1 - M)bt +1; = p?(GtC + G{) + (1 - N)Rt—lt—17 (16)

Tt

where T} = (1—p)T°+uTYN and p! is a relative price of government purchases to composite

consumption with its own home-bias parameter -,.
_1
pf = [vapi "+ (1= 7)) RER, "] ™7 (17)

Public investment is productive so that the law of motion for public capital is given
by:
Koy =(1—-6)Kgi1+Gf (18)

The two fiscal instruments, public investment and public consumption, have the fol-
lowing rules responding to fiscal debt and output in order to capture a business cycle

(Traum & Yang, 2015):

— —

Gl = peiGly + (1= par)WarYs — varbir) + €7 (19)
GY = pecGE L+ (1 — PGC)(ﬂGC?t — 'YGC/b\t—l) + etGC (20)

Hats, hereafter, denote the deviation of variables from their steady state. Both types
of public spending have exogenous shocks to be analyzed separately as the two distinct
instruments of fiscal policy stimulus.

Since fiscal debt clears the government budget constraint, the lump-sum taxes require

an additional equation, which includes fiscal debt and public spending similar to Gali,
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Lopez-Salido, and Valles (2007):
T, = b1 + 0:G] + 0o GY (21)

1.2.4 Monetary policy

The domestic interest rate is not equal to foreign interest rate and allows for an indepen-
dent monetary policy under imperfect capital mobility. The nominal interest rate responds

to its lagged value, CPI inflation, and output according to the Taylor rule below:
Et = pﬁtfl +(1—p) [Qﬂt + %2} + €ty (22)

where p is an interest rate smoothing parameter, ¢, and ¢, are the inflation and output
responses, respectively. There is an exogenous interest rate shock to be examined along
with fiscal shocks, which all follow AR(1) processes with a persistence parameter p,.
Every period, the central bank receives interest on its foreign exchange reserves and
invests into a new stock of reserves. This flow of revenues is transferred to forward-looking

households, savers:

er Jari
CBy = Ry ,—— — fary, (23)
€t—1 Tyt
X FXR! . . . . .
where frry = e;—p+ is the real foreign exchange reserves in composite consumption
goods.

A managed exchange rate regime is associated with the foreign exchange interventions
as an additional monetary policy instrument. They represent the purchases/selling of
foreign currency by a central bank, and accumulate the foreign exchange reserves accord-

ing to their rule (Benes et al., 2015), responding to the exchange rate and its rate of

depreciation’.
farf = ppofori  + (1= ppp)(cae +ao Aer), ap <0, ap <0 (24)

"The higher €;, the more the nominal exchange rate depreciates.
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This rule shows that the more the exchange rate depreciates/appreciates, the more the for-
eign exchange reserves fall/accumulate, implying the selling/purchases of foreign currency

by a central bank, respectively.

1.2.5 Market clearing conditions

For simplicity, an elasticity of substitution between domestic and foreign goods is assumed

to approach one (7 — 1). Thus, the domestic goods market clearing condition is as follows:
prYe =7 [Co+ (1= ) I7] + 70 (GY + GY) + (1 = 7)esy, (25)

where the last term stands for the exports of domestic goods, which include the foreign
demand/output y; = %, nominal exchange rate e;, and openness parameter (1 — ).

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

respectively:
1 1
N, = /Nt(j)dj, K= /Kt(j)dj =(1—pk?
0 0
Yi=Ci+ (1= )7 +p{(GY + Gf) + NX, (26)

The balance of payments equates its current account, net exports, with the financial
account coming from the budget constraint of households-savers: foreign borrowings of

households and foreign exchange reserves transferred to savers.

by *
NXy = (1—-p) ( Zili S br + fary — :1ifmrtl)

€t—1 Ty €t—1 Ty

1.2.6 The foreign world

The foreign world is specified by the following three equations for its output, interest rate,

and inflation, respectively:

Ui = py-Uia t € (28)

Ry = ¢nmi + O (29)
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30
1— a* yt ( )

The Phillips curve (30) is in accordance with the New Keynesian model (Gali, 2015),
assuming that the foreign world is a relatively large economy. A foreign demand shock

ultimately increases the foreign interest rate through output directly and inflation, which

is affected by output in the Phillips curve.

The model includes 24 endogenous variables constituting a system of 24 equations,
where the variables are represented in log-deviation from their steady state: inflation
m;, aggregate consumption of households @, hours worked ﬁt, domestic interest rate
fit, net exports NX ¢, foreign exchange reserves ﬁcr\;‘, foreign debt EI, investment ftg,
private capital [/(;9 , public capital IA(Qt, nominal exchange rate e;, fiscal debt Bt, public
consumption C/J;C , public investment C/J\{ , lump-sum taxes YA}, output ?t, relative price
of domestic goods to composite consumption pA?, relative price of government purchases
to composite consumption ];%7, domestic consumer prices ﬁt, foreign consumer prices I/Dt\*,
foreign interest rate J/%\Z‘, foreign inflation 7}, foreign output ¥/, and the Lagrange multiplier
to a collateral constraint /\Azf The system of log-linear equations consists of the Taylor rule
(22), foreign exchange interventions (24), public investment, public consumption, and
taxes rules (19, 20, and 21), three foreign world expressions (28, 29, and 30), and the

other 16 equations presented in Appendix 1.6.4.

1.3 Calibration

All parameters can be divided into three sets: standard values borrowed from other studies
because of the non-availability of respective Hungarian data, fixed values borrowed from
the estimated Hungarian DSGE model (Jakab & Vilagi, 2008), and specifically calibrated
parameters for this model. The list of parameters is provided in Appendix 1.6.1.

The first set includes depreciation rates for private and public capital § = 0.025,
§?9 = 0.02 (Traum & Yang, 2015), the elasticity of substitution between differentiated

intermediate goods € = 9, output response in the Taylor rule ¢, = ng;; = 0.125, persistence
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in the monetary policy shock p, = 0.5 (Gali, 2015), the elasticity of investment with re-
spect to Tobin’s Q z = 1 (Gali, Lopez-Salido & Valles, 2007), the inverse of intertemporal
elasticity of substitution for consumption ¢ = 2, the elasticity of wages with respect to
hours worked ¢ = ¢* = 1.45 (Schmitt-Grohe & Uribe, 2003), the exchange rate change
response in the interventions rule ay = —0.62 (Gartner, 1987), while «; is fixed at —0.12.
The foreign parameters are set to their standard values: discount factor 5* = 0.99, infla-
tion response in the Taylor rule ¢ = 1.5 (Gali, 2015), price stickiness 0* = 0.75 (Gali,
Lopez-Salido & Valles, 2007), output elasticity to capital a* = 0.32, persistence in the
foreign output py. = 0.8, and a ratio of foreign output to domestic output y; is technically
feasible at 5.

The second set consists of posterior estimates obtained by Jakab and Vilagi (2008)
and their fixed parameters: the interest rate smoothing p = 0.76, inflation response in
the Taylor rule ¢, = 1.37, price stickiness § = 0.9, and the fraction of rule-of-thumb
households ;o = 0.25.

The third largest set contains calibrated parameters using the averages of Hungarian
data® for the steady state of variables derived in Appendix 1.6.2. In particular, the
GDP ratios of private consumption, public consumption, public investment, net exports,
external debt, fiscal debt, and net foreign assets of the central bank are ¢, = 0.66, gyc = 0.1,
g; = 0.04, nz,, = —0.0002, by = 1.16, b, = 2.77, and far, = 0.69, respectively. The degree
of openness is calculated as a ratio of imports to GDP, 1 — v = 0.69; thus, the home-
bias parameter in consumption and investment v is equal to 0.31, while it is assumed
to be higher for government purchases v, = 0.9 as its large share may go to the wages
of public servants. 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
upper bound of leverage ratio §2 appears to be 0.14 using the collateral constraint at

steady state. The elasticity of output with respect to private capital « is equal to 0.45,

8The data over 1995Q1-2011Q3 include real GDP, CPI-deflated private consumption, public consump-
tion, fixed capital formation, exports, imports, T-bill rate, CPI, net foreign assets of the central bank,
fiscal debt, and fiscal revenues, which are all from the IMF’s International Financial Statistics. The

euro-forint exchange rate and external debt in euro are from the webpage of the Hungarian Central
Bank.
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which is higher than its standard value because of the specific steady state rental cost of
capital (32). The elasticity of output with respect to public capital ¢/ corresponds to 0.08
based on the equation (33). Fiscal parameters are calibrated based on the steady state
expressions for public consumption, public investment, and lump-sum taxes in Appendix
1.6.2: dgr = 1.03, vo; = 0.38, 7o = 0.4, and ¢; = 0.3.

Some parameters are obtained by running regressions according to the model’s equa-
tions, using the seasonally adjusted log of real data. For example, the autoregressive
coefficient pg in the public consumption equation (20) is equal to 0.4, while the output
response of public consumption appears to be positive ¥gc = 1.18, suggesting a procycli-
cal fiscal policy. The lump-sum taxes’ responses to fiscal debt ¢, = 0.4 and to public
consumption ¢~ = 0.3 are obtained by regressing the government revenues on fiscal debt
and public consumption. The empirical counterpart of foreign exchange reserves equation

(24) gives its only significant persistence parameter p;,, = 0.53.

1.4 Results: simulation

The exogenous shocks take an increase of 25 basis points in the foreign output/demand
and domestic interest rate, while fiscal shocks rise by 1 percent to examine the impulse-
response functions in this section. This, in the absence of further changes caused by
responses of other variables, would imply an increase of 1 percent in the annualized
domestic interest rate and foreign demand. A shock to foreign demand translates into
an increase of foreign interest rate by 74 basis points produced by this quarterly model,
which does not offset the initial boost of foreign output specified as an AR(1) process,
excluding feedback from the interest rate.

This section analyzes the baseline simulation with a collateral constraint and an alter-
native, standard version without it. The impulse-response functions to a foreign demand
shock are examined first, which according to a variance decomposition of shocks, explains
the largest share in variables. Second, the volatility of main variables is presented in

comparison with a no collateral constraint version. As a sensitivity test, the fraction
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of rule-of-thumb households is increased to see differences in the impulse-response func-
tions to a foreign demand shock. Finally, a monetary policy shock and fiscal shocks are

examined under both cases: with and without a collateral constraint.

Impulse-response functions to a foreign demand shock

Foreign output Qutput Public consumption/investment  Foreign interest rate
0.4 - - 1 - - 1 : - 1 - .
= 0.2 x ROOp-A
0 . -1 i N z i . . s
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Figure 1. Collateral constraint case
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Figure 2. No collateral constraint
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In Figure 1, a foreign output shock increases the foreign demand on domestic goods
to be exported according to the market clearing condition (25), stimulating the domestic
output, to which public spending procyclically responds. The shock also raises the foreign
interest rate, which responds to increased inflation and output according to the foreign
Taylor rule (29). High foreign interest rate depreciates the nominal exchange rate, as
capital may flow out, and makes borrowings from abroad expensive, raising their shadow
value or Lagrange multiplier to the collateral constraint. The higher Lagrange multiplier,
associated also with the increased marginal costs of borrowing, discourages foreign debt.
The exchange rate depreciation, meanwhile, brings CPI inflation due to a complete pass-
through effect. The domestic interest rate positively responds to inflation and contributes
to lower private investment accordingly. Note that a reversed hump-shaped pattern of the
Lagrange multiplier translates into several variables: the exchange rate through a specific
uncovered interest rate parity (UIP) condition (37), the relative prices of domestic goods
and government purchases’ prices due to their indices containing the exchange rate, and
thereby output as well.

In contrast, if there is no collateral constraint that may be considered as a move to-
wards perfect capital mobility”, the impulse-response functions do not exhibit the reversed
hump-shaped pattern for variables in Figure 2, but rather their decaying effects consistent
with the shock are observed. However, consumption immediately falls, discouraged by the
high interest rate and exchange rate depreciation, which makes imported goods expensive.
These dynamics for consumption do not hold under the collateral constraint in Figure 1,
where consumption shows no change in the first period because of its upward pressure
stemming from the increased Lagrange multiplier that triggers a substitution effect from
investment to consumption.

Table 1 shows that most variables are volatile if the model has a collateral constraint,
indicating standard deviations of the variables in percentage increase from a no collateral

constraint case. The collateral constraint as an additional equation reduces the volatilities

9By removing a collateral constraint, the model still has imperfect capital mobility, since domestic
and foreign interest rates are different.
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in investment, capital, inflation, thus interest rate, and foreign debt, on which net exports
depend. Government bonds appear therefore as a volatile saving asset for households
to flexibly adjust and compensate for restrictions on the foreign debt. Taxes are also
volatile, which are positive for savers at a steady state, while negative for rule-of-thumb
households, being essentially their transfers. Thus, fiscal variables seem to be affected by
shocks the most, two of which are fiscal shocks, when foreign borrowings are restricted or,
in other words, "capital controls" are imposed. The exchange rate fluctuations, in turn,
induced by the Lagrange multiplier in UIP influence other variables: the relative prices
of domestic goods and government purchases’ prices due to their indices containing the
exchange rate, foreign exchange reserves responding to the exchange rate, rental cost of
capital which is rewritten in terms of hours worked in the equation (38), and thus output
as well.

Table 1. Volatilities with a collateral constraint relative to without it

(in % increase)

Var(h) 1226 | Var(N,) 318 | Var(NX,) -52
Var(T)) 909 |Var(fzrf) 316 | Var(R)  -35.9
Var(@) 516 | Var(Y)) 2712 | Var(Ke,) -33.2
Var(C)) 455 |Var(GS) 33 |Var(If)  -13
Var(pAf) 43 VaT(C/J\{) 2.9 Var([f(;g) -12.8
Var(pl) 426 | Var(ty)  -954 | Var(r,)  -10.9

Volatility represents a standard deviation calculated as a square root of the variance. Numbers in
Table 1 indicate the percentage increase of volatilities produced by the model with a collateral constraint

from the corresponding ones generated by the version without a collateral constraint.

As a sensitivity test, the transmission mechanism of a foreign demand shock is worth
examining at the higher fraction of rule-of-thumb households than the baseline version,
1 = 0.75 versus u = 0.25. Appendix 1.6.5 illustrates that liquidity-constrained house-
holds, which cannot smooth their consumption due to no access to saving instruments,
make the variables even more volatile, especially those related to prices: Lagrange multi-
plier, nominal exchange rate, relative prices, inflation, and foreign exchange reserves which

respond to the exchange rate. Consumption increases because output has increased due
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to higher foreign demand on domestic goods, and therefore the income of rule-of-thumb
households rises, which can only consume. For these non-savers, foreign borrowings do
not matter, and thus their shadow value falls, exerting less pressure on the foreign cur-
rency and thereby appreciating the nominal exchange rate. Inflation, however, remains
high because of the increased output and associated production costs. The magnitude of
output response is smaller in Appendix 1.6.5 compared to Figure 1, because a majority
of households is liquidity-constrained, not receiving income other than wages. Thus, a
small fraction of savers, owners of monopolistic firms, has to meet the increased foreign
demand on domestic goods.

In Figure 3, a positive interest rate shock appreciates the exchange rate, reducing
inflation and thus making real fiscal debt higher. The increased interest rate discourages
consumption and investment, ultimately contracting output. These dynamics are consis-
tent with a standard prediction of the New Keynesian setting. This model, however, adds
an insight about foreign debt. The monetary tightening leads to a higher shadow value
of foreign borrowings, which implies that the marginal costs of those borrowings increase,
causing a fall in the foreign debt. Under a no collateral constraint, Figure 4 illustrates
that the interest rate does not change immediately, since there is no feedback from the
Lagrange multiplier to UIP and low inflation, due to the exchange rate appreciation, does
not require monetary tightening. As a result, the foreign debt also remains unchanged

initially.

27



Impulse-response functions to a monetary policy shock
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Figure 3. Collateral constraint case
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In Figures 5 and 6, fiscal shocks appreciate the exchange rate as the standard Mundell-
Fleming model would predict, lowering inflation. Thus, the interest rate falls. However,
the shocks affect foreign debt differently. An increase of public investment expands output

through public capital accumulation as a productive input, encouraging more foreign

MNominal exchange rate

5 10 15 20

%

Inflation

Consumption Investment
0 0.5
-0.2 =
-0.4 - . - .
0 5 10 15 20
Public consumption/investment Foreign debt
0 05
-0.5
# 0
-1
i 5 10 15 20 % 5 10 15 20

Figure 4. No collateral constraint
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borrowings for higher private consumption since there is no collateral constraint. In
contrast, public consumption stimulates demand, not the supply side of the economy.
Therefore, further foreign borrowings are not feasible within a given capacity of the total

output.

Impulse-response functions to fiscal shocks, no collateral constraint
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Figure 5. Public investment shock
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Figure 6. Public consumption shock
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The collateral constraint changes a transmission mechanism of fiscal shocks. Due to
accumulating public capital, the public investment shock (in Figure 7) crowds out private
investment and thereby private capital. Thus, the borrowing limit shrinks, raising its
shadow value. This higher Lagrange multiplier, associated with the increased marginal
costs of borrowing, leads to a decline in the foreign debt which, together with the shadow
value effects through UIP, depreciates the exchange rate: On the one hand, a fall in foreign
borrowings means that capital outflows take place, depreciating the nominal exchange
rate. On the other hand, UIP includes the Lagrange multiplier to collateral constraint
(37), and thus an increase of the latter as a shadow value of foreign debt denominated
in foreign currency puts higher demands on that currency, depreciating also the nominal
exchange rate of the domestic currency. As a result, this exchange rate depreciation
caused by public investment is not in line with the traditional Mundell-Fleming model
which assumes perfect capital mobility, rather than a collateral constraint on foreign
borrowings, and does not distinguish between the types of public spending.

Figure 8, in contrast, illustrates that public consumption does not crowd out private
capital, leading to a fall in the Lagrange multiplier. Thus, the foreign debt initially rises
to finance private investment, which is also stimulated by the low interest rate. A public
consumption shock brings standard exchange rate appreciation, which contributes to low
inflation through its pass-through effect. Thus, the interest rate decreases as a response

to inflation.
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Impulse-response functions to fiscal shocks, with a collateral constraint
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Figure 7. Public investment shock
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Figure 8. Public consumption shock

Overall, three main findings are worth highlighting. First, public investment and
public consumption are the two distinct fiscal instruments which differently affect the
nominal exchange rate, foreign debt, and private capital. Second, a collateral constraint

alters the transmission mechanism of fiscal, monetary policy, and foreign demand shocks
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and makes the model volatile due to the Lagrange multiplier as a separate variable, which
enters UIP. Third, a high fraction of liquidity-constrained households acts as an additional

friction, producing small effects on output and destabilizing the price-related variables.

1.5 Conclusion

This paper develops a DSGE model for an emerging open economy to understand its mon-
etary and fiscal policy interactions in the collaterally-constrained environment of indebt-
ness to the foreign world. The model captures a set of structural specifics: two monetary
instruments—interest rate and foreign exchange interventions; two fiscal instruments—
public consumption and public investment; and the foreign debt of the private sector to
finance investments. The constructed framework combines the New Keynesian model of
a small open economy with two types of households, forward-looking optimizers and rule-
of-thumb consumers, relaxing the assumption of Ricardian equivalence and integrating
the exogenous foreign world. Two versions of the model are examined: with a collateral
constraint on foreign borrowings and without it.

In terms of novel contributions, the paper achieves the following. First, the stan-
dard UIP is extended by including an additional term that is explicitly derived from the
optimization problem of a forward-looking household. This term appears to be the La-
grange multiplier to a collateral constraint or a shadow value of foreign debt, whereas
Benes et al. (2015) introduced it ad hoc as being foreign exchange reserves. This model
also has the foreign exchange reserves, but not only in the interventions rule and in the
budget constraint of households, like in Benes et al. (2015), but also in the balance of
payments equation which is consistent with the real practice of statistics compilation at
central banks. These two micro-founded equations related to a collateral constraint and
the reserves of the central bank seem to be the right approach to follow in an emerging
open economy framework, where foreign exchange intervention is an additional monetary
policy instrument and foreign borrowings, denominated in foreign currency, need to be

collateralized by physical capital.
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Second, according to this study, fiscal and monetary policy shocks transmit to the econ-
omy, with its imperfect capital mobility, differently from the standard Mundell-Fleming
model. A positive public investment shock can cause exchange rate depreciation and
crowd out private capital, expanding output due to the accumulation of public capital,
which is an input in the production function. Public consumption, in contrast, alters the
demand side of the economy, appreciating the exchange rate and stimulating foreign debt.
A monetary policy shock as a sudden increase in interest rate affects the main variables
consistent with the New Keynesian prediction of nominal rigidities, yet the dynamics of
foreign debt depend on whether a collateral constraint is on or off the model.

Third, the collateral constraint makes the model volatile, due to its Lagrange multi-
plier entering UIP and affecting the exchange rate. This result may explain why emerging
markets need their hybrid monetary policy, a combination of inflation targeting and man-
aged exchange rate regime; they are vulnerable to external shocks and prone to a sudden
stop crisis, as they borrow from abroad. Finally, a high fraction of liquidity-constrained
households also makes the variables volatile. In addition, the output response tends to
be small, as those households only consume each period out of their wages, without any
other income and savings, due to the lack of access to financial markets.

In conclusion, this paper suggests several policy implications for emerging market
countries. It is important to distinguish public investment and public consumption as
two separate fiscal policy instruments affecting the economy differently. These countries
should avoid high external indebtness of the private sector by advancing their domestic
financial market. Furthermore, they are advised to keep in mind that their monetary
policy with its two instruments can act in a non-standard way because of the specific
UIP condition, which includes an additional term that may affect the exchange rate due
to a collateral constraint. The foreign exchange reserves also exist, which respond to the
exchange rate dynamics and enter the balance of payments equation. Finally, reducing
the number of liquidity-constrained households can be crucial through various poverty

alleviation programs.
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1.6 Appendix

1.6.1 Table of parameters

Parameter Definition

£ =0.97 discount factor

v=0.31 home-bias in consumption and investment

vo = 0.9 home-bias in government purchases

0=0.14 upper bound of leverage ratio

a =045 output elasticity to private capital

1 = 0.08 output elasticity to public capital

0 =0.025 depreciation rate of private capital

0Y =0.02 depreciation rate of public capital

o =¢" =145 wage elasticity to hours worked, domestic and foreign
o=2 inverse of intertemporal elasticity of substitution for consumption
0=0.9 index of price stickiness

e=9 elasticity of substitution between differentiated intermediate goods
w=10.25 fraction of rule-of-thumb households

o, = 1.37 inflation response in the Taylor rule

¢, = ¢, = 0.125 output response in the Taylor rule, domestic and foreign
a; = —0.12 exchange rate response in the interventions rule

ags = —0.62 exchange rate change response in the interventions rule
Yoo = 0.4 response of public consumption to fiscal debt

Yer = 0.38 response of public investment to fiscal debt

Yqr = 1.03 response of public investment to output

Yoo = 1.18 response of public consumption to output

w, =04 response of lump-sum taxes to fiscal debt

wo=0.3 response of lump-sum taxes to public consumption

v; =0.3 response of lump-sum taxes to public investment

Pac = Par = 0.4 persistence in public consumption and public investment
p=0.76 interest rate smoothing in the Taylor rule

Por = 0.53 persistence in foreign exchange reserves

z=1 investment elasticity to Tobin’s Q

¢, = 0.66 GDP ratio of private consumption

gyC =0.1 GDP ratio of public consumption

gé = 0.04 GDP ratio of public investment

nx, = —0.0002  GDP ratio of net exports

b, = 1.16 GDP ratio of external debt

b, = 2.77 GDP ratio of fiscal debt

far, = 0.69 GDP ratio of foreign exchange reserves

Yy =5 ratio of foreign output to domestic output

£*=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

py~ = 0.8 persistence in foreign output

p.=0.5 persistence in fiscal and monetary policy shocks
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1.6.2 Steady state

The endogenous variables at their steady state, denoted by bars, are shown in this appen-
dix and they are identical for both versions of the model: with and without a collateral
constraint. At steady state, there is no inflation, thus 7 = 1 implying that flexible prices
persist in the long run. The first-order condition with respect to government bonds b; (8)
gives that R = %, while with respect to foreign debt b¥ (9) suggests \° = 3* — 3 at steady
state. Similarly, B = ﬁ%

CTIPGIV(l—PGIWGI

The public investment equation (19) can be represented as G; = Trarer

which allows expressing G = % Similarly, the steady state public consumption is as
follows based on the equation (20) G¢ = ?9% The public capital accumulation equation
R =T -0
(18) provides public capital K¢g = ?—; = %, from which fiscal debt is expressed in terms
vlGr
Ko
found by plugging the previous three equations for fiscal debt, public consumption, and
o _Ycrev—Ycrecrcetieoecicr
public investment into the tax equation (21) T = ¥ %_vﬁg}c{pc_m[w . Therefore,
(Kcd?) ot
the government budget constraint (16) is represented in terms of output and public capital:

— /vy
of output and public capital b = < ) “" The steady state lump-sum taxes can be

__Yqrep—dqrecriceticercrar —9ar \ YVar
ot - Y T g —Vao—e06C g\ 26C
—w—ecromarer = (LmH)(E-1) 7o +Kao?+Y ar (Kgé?) e
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(31)
The first-order condition with respect to capital (7), given that Q = 1, yields the
following rental cost of capital, which under a no collateral constraint would be without
the last term: o
FARE R L
g g

The law of one price holds. There is also an assumption of symmetric steady state

(32)

(% = 1) and a unit elasticity of substitution between domestic and foreign goods (n = 1).
Thus, the real/nominal exchange rate and relatives prices at steady state are equal to
one.

At steady state, the firm equates its marginal costs (14) with the inverse of price

frictionless mark-up —=;; thus, wage is found as:




(13) suggests the following output expressed in terms of private capital and public capital:

Y = (1 p) KSR (aa(l ~a)' (e 1)) * »
(R")oe

This means that the government budget constraint (31) can be rewritten in terms of both
types of capital constituting the first equation in a system. The second equation comes
from the aggregate demand condition shown gradually below.

The law of motion for physical capital (3) suggests 15 = §K°.

The domestic goods market clearing condition (25) provides private consumption:

U:

= | =]

1— —
- 2Go+ G - —F (1=

The budget constraint of rule-of-thumb households (11) gives their taxes TN = WN —
CN, where their consumption is assumed to be equal to the consumption of savers at
steady state, thus to aggregate consumption as well, given that the latter sums up the
consumption of both households: C = pCN + (1-— ,u)ﬁ The taxes of savers are equal to
TS = T(l“ - since Ty = uTN + (1 — p) T

The steady state foreign exchange reserves, according to their rule (24), are equal to

1 given that e = 1.
Foreign debt can be found from the budget constraint of savers (2) in terms of private

and public capital:

L-—p(-F) (1-R)

— € + fCC"I"*

r)  (1-R)

The balance of payments equation (27) provides net exports:

_  C-N'+T (R-9K5 BbR-1) (1-=4HY
(1-

?’QI

NX = (1—p) (R*=1)b*+ (1 — R*) far*

Therefore, the aggregate demand condition (26) can be utilized as a second equation

in the system, to find private and public capital:

=C+(1—p)dKS + Kb’ +Go + NX (34)

Since private and public capital are found in the system of two equations (31 and 34),

the other steady state variables can be extracted from the expressions above.
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1.6.3 The Phillips curve

The Phillips curve for CPI inflation in a small open economy has been derived according to
Gali (2015). The log-linearized optimal price setting condition (15) delivers the standard

equation for domestic inflation 7/:

11—«

T = BEml, + A MGy,

— o+ e

where ]\/Ia is the log deviation of the economy’s average real marginal costs from their
steady state and \ = w.
CPI inflation includes the domestic inflation 7" and the terms of trade, which can be

alternatively represented by the real exchange rate RER;:

1— S
o 77 A RER,, (35)

where A R/EE =A e + 7 — Ty
The Phillips curve therefore is as follows, taking into account the previous CPI inflation

equation (35):

A1 —a)
l—a+ae

— 1—
T = BEymi + MC, -8 i

— 1— —
E, A RERi;, + — A RER,
Y

where MC, = W,— (f/t —j\f\t)—i- 1%@ Wages can be substituted with the log-linearized
labor supply condition (10), while RER, =& + J/D} — P, resulting finally in the following
Phillips curve:

1—v -« 1—a —
= PE A 1% /\—(N—Y> 36
T BE w1+ 5 (1—a+a5+5+ )et—i— —ato ON; f ( )
-1 -0a) 5 5, 1-7 . L—y
(1 — a + ag) (B —F)+ (mi —m) = Ey(miiy — Tiga) —
1—~_ 1 — R
- 7@t—l — B 7Elt6t+1

1.6.4 Log-linearized equations

The other 16 log-linearized equations of the model are listed in this appendix.
The Phillips curve of CPI inflation (36) is derived above.

The log-linearization of the first-order condition of a saver with respect to foreign debt
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(9) provides the UIP condition'’:

S S PN
Rt = Et6t+1 — e+ %R: + E)\f (37)

The combination of log-linearized first-order conditions for capital (7) and investment
(6) given that R}, = ¢N,11 — K delivers the following'':

o~

If = K&y = [B(1=06)+ QN(E IS, — KP) + 21— B(1 = 0) — QX($EN,y1  (38)
—Kf) — Z(l - QF) (ﬁt - Etﬂt+1> + ZQF(EﬂTH_l + /e\t - Et/e\t—l-l + >/\\§)

The collateral constraint (4) is log-linearized below, taking into account that @: =

15— KF
- and z = 1:

3;‘ = FEymy1 — }A‘Z: +e — B + 17, (39)

The law of motion for private capital (3) is as follows:

—

KF = (1= 0)KE, +6IF (40)
Public capital (18) evolves according to:
Rey = (1— 0 Kg i+ 09G! (41)
The production function (13) implies:
Vi=aKS, +(1— )N, + vKe, (42)

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 (11), and the relationship C; = uCY + (1 — p)C?:

o~ o~ o~ o~ o~ _1, o~
Cy = ECii1 + 0,(Ny — EtNiyy) — O,(Ry — Eympsy) + p1C (T — 1), (43)

where O, = [MN¢¢ +(1-— ,u)wﬂ C 'and ©; = (60) (1 — p)(C — ¢ 'N?).

The government budget constraint (16) is represented in terms of fiscal debt:

I C C I m

. = Yy i 9% ge, 9t 5 I 7

b= RBry =) + Ry + Gl 4 oo G o g — =T, (44
¢ = Blboy = m) + Re =, " A—wb, @b, b(l—u)t( )

10The model’s version without a collateral constraint has its UTP as R, = Eiei 1 — € + }A%jf
"'"This equation (38) under a no collateral constraint transforms into I} — K| = B(1 — 8)(E 2, —
KF)+ 21 = B(1 = 0))(¢ENrs1 — KF) — 2(Ry — Eymypn).
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The log-linearization of the balance of payments equation (27) results in:

A Rb5(1 — pt)~ R*(1 — p)(b: — far bE(1 — p1)~
NX, = M@il + (1—p)by — f y)(a T — Mb:(%)
nw, n, nw,
1— u)R* _— 1— o 1 — b — for )
(A -pR fnyfmil L u)fwyfxr: N (L—p)(b, — f y>RZLl
Ny Ny Ny

The log-linearized relative price of government purchases to composite consumption

(17), assuming 7 — 1, is this:
p] =10t + (1 =)@ + P = By), (46)

where R/EE = (6 + l/D} — ﬁt) Since prices are used in this equation and in the Philips

curve (36), the domestic and foreign CPI inflations are as follows:

m =P — P (47)
=P - Py (48)

The domestic goods market clearing condition (25) can be rewritten as:

Yi+pl = e, Cot (1= ) (A= iy VIE 47997 GE +720,GE+72(gy + 950 + (1—=7)yy (& +47),
(49)
where (1 —i,) = 1— ¢, — g5 — g} — nx,.

The real GDP (26) is represented in terms of investment:

75 _
Iy =

T [Vl GF — 0lGE = (6 + apl = na, N (50)
Y

The budget constraint of a saver (2) is log-linearized as well, by combining the aggre-
gate relationships for consumption C; = pCN +(1—p)CY and taxes Ty = pTN +(1—p) T},
and the budget constraint of a rule-of-thumb household (11):
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1.6.5 Impulse-response functions to a foreign demand shock (p = 0.75)
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2 Monetary Policy Rule, Exchange Rate Regime, and
Fiscal Policy Cyclicality in a Developing QOil Econ-
omy

12

2.1 Introduction

Most macroeconomic DSGE models are constructed for the developed world, incorporat-
ing its advanced market structure and relevant policy environment. Emerging market
economies have their own unique features, which can modify the existing core frameworks
in several respects. First, public investment should be considered separately from public
consumption as a growth inducing instrument of fiscal policy (Berg, Portillo, Yang &
Zanna, 2013), since it is usually associated with infrastructure and human capital, which
developing countries often lack (Rioja, 2003; Sab & Smith, 2002). Second, monetary pol-
icy is typically a hybrid of inflation targeting and a managed exchange rate regime; thus,
interest rate and foreign exchange interventions represent the two separate instruments
of monetary policy (Ghosh et al., 2016). Third, in an underdeveloped domestic financial
market, the investments of firms are often financed by foreign funds, so that physical cap-
ital and foreign debt can be linked through a collateral constraint (Faia & Iliopulos, 2011
linked durables goods with the foreign debt). Fourth, households are heterogeneous in
their income and access to a financial market; a certain portion of the population may be
liquidity constrained with only wages, without savings (Mankiw, 2000; Gali, Lopez-Salido
& Valles, 2007). These four structural specifics are incorporated in the model of Chapter

1 calibrated for Hungary as the first emerging market economy to be severely hit by the

12The earlier version of this work was issued as the CERGE-EI Working Paper 2016, 572, 1-41.
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global financial crisis of 2008.

This second chapter extends the Hungarian model for a subset of emerging open
economies which export oil. The oil-exporting developing economies obviously differ from
other emerging countries and need to be examined through their own DSGE framework.
The particular features of an oil economy are as follows: The oil and non-oil production
sectors should be specified separately. The economy is exposed to a volatile exogenous
world oil price shock. SWF is established collecting the oil tax revenues, saving them
abroad, and partly transferring to the government budget!®. Finally, motivated by Frankel
and Catao (2011), monetary policy can follow product price targeting (PPT) as an al-
ternative to CPI; thus, these two anchors need to be compared in a general equilibrium
framework jointly with fiscal policy based on some welfare measure, to determine which
one is preferred.

Frankel and Catao (2011) argue that commodity exporting economies are better off
targeting the output price index, which includes export commodities and excludes import
products; such monetary policy is automatically countercyclical against the volatile terms
of trade shock. The argument is that if the world oil price increases and there is PPT,
then monetary policy tightens by raising its interest rate, thus causing exchange rate
appreciation, which is the objective of offsetting the initial positive terms of trade shock.
Conversely, an adverse terms of trade shock, such as a fall in oil price, can be mitigated
by the exchange rate depreciation under PPT. The CPI inflation targeting, in contrast,
does not respond to export prices, but to import prices. If there is an adverse terms
of trade shock, such as an increase of import prices, CPI targeting brings exchange rate
appreciation, further exacerbating the initial negative shock for producers of tradable
goods, who use imports as their intermediate inputs. "Bottom line: a Product Price
Targeter would appreciate in response to an increase in world prices of its commodity
exports, not in response to an increase in world prices of its imports. CPI targeting gets

this backwards." (Frankel & Catao, 2011, p. 4).

13The mechanism of SWF accumulation differs across countries, but since the model is calibrated for
Kazakhstan, its experience is specifically captured.
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The aim of this paper is, therefore, to construct a DSGE model for a developing oil
economy capturing its structural specifics, as defined above, to examine the CPI/PPT
monetary policy rule under a flexible/managed exchange rate regime combined with a
pro/counter/acyclical fiscal policy. In order to assess whether an anchor of price stability
should be the CPI or PPT, a welfare measure is adopted. According to De Paoli (2009),
the welfare for a small open economy is represented as a loss function of three variables:
variations in domestic price inflation, aggregate output, and real exchange rate. Based
on this loss measure, inflation and output responses of the Taylor rule are optimized
for managed and flexible exchange rate regimes, distinguished by the presence of foreign
exchange interventions.

Fiscal policy cyclicality is associated with the oil output response of public spending.
This is because the business cycle of an oil producing economy tends to correlate more
with its oil sector’s output rather than aggregate output; thus, commodity boom/bust is
the cycle, to which fiscal policy responds. Since this model focuses on the oil price shock
affecting the real oil output, the latter needs to be directly included in fiscal rules to ensure
that fiscal policy transmits the shock into the economy. Acyclical fiscal policy assumes
the zero oil output response of public spending and is taken as a benchmark to calculate
loss in deviation from it; thus, the pro/countercyclical fiscal stance corresponds to the
positive/negative oil output response, respectively. The impulse-response functions to a
fall in world oil price shock, also referred to as adverse terms of trade shock, are analyzed
to understand its transmission mechanism.

The calibration is based on Kazakhstan as a small open, oil exporting economy hit by
the global financial crisis of 2008 due to high private sector’s foreign debt. Since 2006,
the IMF has included Kazakhstan in its "fuel exporters" group analyzed in the World
Economic Outlook'*. In 2000, Kazakhstan established its SWF managed by the National
Bank on behalf of the Ministry of Finance. Oil tax revenues directly accumulate the

SWF which is invested abroad, but regularly, there are ad hoc transfers from SWF to the

4 The classification is made on the evidence that over five years the average share of fuel exports in
total exports exceeds 40 percent.
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government budget. Monetary policy is independently conducted by the National Bank
pursuing a primary goal of price stability and intervening in the foreign exchange market
to avoid speculative attacks.

In section 2.2, the model is outlined with its two types of households, standard optimiz-
ers and rule-of-thumb households, non-oil firms acting in a monopolistically competitive
market, capital-intensive oil producer, two monetary policy rules for two instruments,
and respective fiscal policy rules. Section 2.3 describes the model calibration. Section 2.4

examines the main results and sensitivity tests followed by the conclusion.

2.2 Model

The model has several frictions: an incomplete asset market, investment adjustment costs,
collateral constraint, and the Calvo price setting. The underlying assumption is that the
rest of the 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 rest of the world. This implies that the
interest rate of an emerging economy is always higher than the foreign interest rate, which
is consistent with the evidence (Reinhart & Reinhart, 2008). Therefore, imperfect capital
mobility is assumed, since there is a positive difference between the domestic and foreign
interest rates, and foreign borrowings are restricted. According to the impossible trinity,
in turn, an independent monetary policy in terms of inflation targeting and a managed
exchange rate regime are feasible under imperfect capital mobility.

The model uniquely specifies oil production as a capital-intensive sector with only
capital input, for simplicity, which is accumulated by FDI that responds to the world
oil price. The oil sector is owned by the government and foreigners who pay royalty
taxes that accumulate the SWF. There are also transfers from SWF to the government
budget. These specifics related to the oil sector capture the country case of Kazakhstan,
contributing thereby to the limited literature on DSGE models for commodity-exporting,

emerging market economies. The following subsections describe the model structure in
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detail.

2.2.1 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. The other (1 — ) fraction
of households are forward-looking households who hold government bonds, borrow from
abroad, invest in non-oil physical capital, rent the capital to non-oil firms, and receive
profits from those monopolistic non-oil firms and transfers from the central bank. The
labor market is competitive, wage is 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 (forward-looking households), while N is for non-savers (rule-of-
thumb households).

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

1—0 ’

o S *1N¢ -0 _q
EOZBt[Ct o N p>1, 0>1 (52)
t=0

subject to the following budget constraint:

* RER; bi_ no 17Mo b1 *
Cf+]t+bt+Rt_1RE—Rtjl ;;+TS — W,N,+RF Kt_1+Rt_1;—t+bt+Ht+CBt, (53)
where b; = %t is the real purchase of government bonds, RER, is a CPl-based real

exchange rate (the price of a foreign goods basket in terms of the domestic goods basket),

b} = RER,

f;ti: is the real foreign borrowings expressed in domestic goods (all foreign
variables are denoted by an asterisk), R, ; and R} ; are the nominal gross domestic and

foreign interest rates respectively, T is the real lump-sum taxes, W; is a real wage, RF"

Py
P

is the real rental cost of non-oil physical capital, 7, = is inflation, II; is the real

profits of monopolistic non-oil firms'®, and CB; is the central bank’s transfers in a form

511, = Yo (pn,t—MC}), where Y™ is non-oil output, py, ¢ is the relative domestic price of non-oil goods
to composite consumption, and M C; is the marginal costs of non-oil firms to composite consumption.
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of real foreign exchange reserves (see equation 78).
The law of motion for non-oil capital is specified according to Berg et al. (2013),

incorporating the investment adjustment costs:

K = (1= 0)Ki +

7 2
QAL (| I;, where k >0 (54)
2 \ It

The collateral constraint relates gross foreign liabilities to a future value of capital
(durable goods in Faia & Iliopulos, 2011) and always binds, assuming that foreign debt is

permanently high in this economy!'°:

Qt+17rt+1 KnO}, (55)

Rb = E,{Q
ot At RER,.1/RER,

where @); is a shadow value of non-oil capital (Tobin’s Q) and € is an upper bound of
leverage ratio.

The problem of the saver is, therefore, to maximize the utility (52) with respect to con-
sumption C¥, investment [;, capital K", government bonds holdings b;, foreign borrow-
ings by, and hours worked N; subject to the budget constraint (53), capital accumulation
equation (54), and collateral constraint (55). The first-order conditions of this problem
are in Appendix 2.6.3.

The rule-of-thumb household has the same preferences as the saver. It chooses only

consumption and labor and its budget constraint is simply this:
CN + TN = W,N; (56)

Each i € {S, N} type of household has the composite CES consumption preferences

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

m

n=1 n—1 n—1
n

Cili) = |70y (i) + (1 =)Ceh ()]

16Qccasionally binding collateral constraint is ruled out because it requires global solution methods,
which may be infeasible to apply in this complex model.
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where «y is a home-bias parameter, while (1 — ) is a degree of openness. The standard

consumption expenditures minimization by a household delivers the following CPI index:
P =qP "+ (1=7)P; " or L=1p, "+ (1—7)RER, ™", (57)

where pj,, is a relative price of domestic goods to composite consumption and RER, is
also a relative price of foreign goods to composite consumption.

The aggregate consumption in turn is C; = puCN + (1 — p)CP. Similar to private
consumption, investment is the CES basket with the same home-bias parameter v and

CPI for simplicity.

2.2.2 Non-oil and oil production sectors

Following the basic New Keynesian framework, there are monopolistically competitive
non-oil firms producing differentiated intermediate goods, and a perfectly competitive
non-oil firm producing a final domestic good. The final domestic non-oil producer has a

constant returns technology:

£
-1

e—1

1 e
ymo = / x|
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 good’s price P/ and intermediate goods’ prices P'(j) such that
the optimal demand allocation is as follows:
: PrG)Y  ymo
x0) = (%) v (58)
Each intermediate goods non-oil firm has an identical Cobb-Douglass production func-

tion, which includes the non-oil private capital, labor, and public capital:
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Yo (5) = " K ()N () UKL,y (59)

where the level of technology " is just constant (unity) and the usage of public capital
is common to all firms.

Intermediate goods producers solve their problem in two stages. First, cost minimiza-
tion subject to the production function (59) provides the following marginal costs common
to all non-oil firms, taking the wage and rental cost of capital, denominated in domestic

non-oil goods, as given:

wh= (1)

unng,t—l(]' _ a)l—aaa

(60)

mcy =

Second, intermediate non-oil producers choose the price P,"”” to maximize their dis-

counted real profits:

00 ]Dthop
Z 0" Ey < Dyym Y5, (J) ph MCtim ) (61)
t+m

m=0

Ugqs
C . . . .
where Dy yyp, = ﬁmEt(Ut—*;’”) is a stochastic discount factor coming from the forward-
C
t

looking household’s problem, subject to the demand constraint according to (58):
Phop €
Vi) =5 | Vi
t+ ( P t+

A fraction (1 — @) of non-oil firms adjusts their prices each period, while the respective
fraction @ keeps their prices unchanged; thus, # is an index of price stickiness according

to Calvo (1983). The domestic price index evolves as follows:
(P = 0P ) + (L= 0)(Pf)

The first-order condition of this price setting decision (61) is below:

E 0"E D Y. ( ) tho — + =0 (62)
+m TMCtym s
m=0 t o tm / ‘Ptthm € 1 '
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where —=; is a frictionless price markup.

The production function of an oil firm has only capital input, assuming that oil pro-
duction is a capital-intensive sector, and to avoid any complications originating from the

possible labor mobility between two sectors:

o

Y= (K7)" (63)

The oil capital is accumulated by FDI which responds to the world oil price:
K =(1-0)K; ,+ FDI; (64)
F/D\Iik = pFD[F/D-LEI +(1- PFD])}/jf\* (65)

The world oil price follows the AR(1) process and has an exogenous shock referred to
as the terms of trade shock:

PP = po By + € (66)

The oil firm receives its profits II?* net of royalties levied on production quantity at a

rate 7°:

7" = (1= 7°)PYy (67)
The oil sector is owned by foreigners and the government. The dividend share of oil profits
that the government receives is denoted by (4.
2.2.3 Fiscal policy

The government collects its lump-sum taxes T; and transfers from the SWF, T'R;. It issues
one-period bonds to finance the government purchases, which include public consumption

G¢ and public investment GI. The government budget constraint in real terms is as
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follows'":

R . by
(1 —p)by +T; + ;*1 (1- pswf)SWFt—lRERt = pf(Gtc + th) + (1 - M)th;—tl, (68)
t

TR

(.

where Ty = (1—p)T° +uT} and pf is a relative price of government purchases to composite

consumption with its own home-bias parameter ;.
1- 1 T
Pl = [’YQph,tn + (1 = v,)RER, n] e (69)

Public investment is productive so that the law of motion for public capital is given
by:
K& =(1-6)KZ, +Gf (70)

Oil tax revenues, denominated in foreign goods, consist of royalties and government

share of the oil sector’s profits
To% = 0Py P 4 Vo (71)
which go directly to the SWF, accumulated according to the equation below.
SWE} = pswf%SWFt*_l + T, (72)

where p,,, ; is a persistence in the SWF process after its interest is accrued, while (1—p,,, ;)
fraction of interest income transfers to the government budget.

Two fiscal instruments, public investment and public consumption, have the following
rules, with their oil output response (J¢; and Yoc) associated with fiscal cyclicality. The

real oil output is affected by the world oil price shock through FDI, accumulating oil

7 Alternatively, the government budget constraint can be represented as (1 — )b, + Ty + T* RER; +
R;:l SWF; \RER; = p}(GS + GH) + (1 — u)Ry_4 b;‘tl + SWF}RER;. By plugging the SWF equation

t
(72) into it, the government budget constraint boils down to (68).
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capital; therefore, it is directly included to fiscal rules, so that fiscal policy transmits
the shock into the economy, which has the cycle of oil sector’s boom/bust. The SWF
transfers, in contrast, are a stock variable representing rather an annuity value which is

affected by the real exchange rate.

Gl = pe ;G + (1 — pan)WarYe — varbeo1 + vRT R (73)
Gtc = IOG’CGtc—l +(1— PGC)WGCK:O — Yecbi-1+ ’Y%gTRt] (74)

This specification of referring pro/counter/acyclical fiscal policy to positive/negative /zero
values for ¥ and Ygo, respectively, is consistent with a notion of cyclically adjusted or
structural fiscal balances, according to which a cyclical component, related to automatic
stabilizers, should be removed mostly from taxes and public transfers, while public spend-
ing on wages, goods, and services is usually independent of the business cycle, thus not
requiring any adjustment (Bornhorst, Dobrescu, Fedelino, Gottschalk & Nakata, 2011).

Since fiscal debt clears the government budget constraint, the lump-sum taxes need a
separate equation, which includes fiscal debt, public spending, and SWF transfers specific
to this model:

ft = (pb/l;tfl + @Gl + 9o GY — QDTRﬁt (75)

2.2.4 Monetary policy

As domestic interest rate is not equal to foreign interest rate, an independent monetary
policy is feasible under imperfect capital mobility. The nominal interest rate responds
to its lagged value, CPI inflation, and aggregate output according to the CPI targeting

Taylor rule below:

R, = pétq +(1-p) |:¢7T7Tt + %2} ; (76)

where p is an interest rate smoothing parameter, ¢, and ¢, are the inflation and output
responses, respectively.

The PPT Taylor rule, in contrast, uses the product price inflation, which is a weighted
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average of oil price inflation in real terms 77 = A ﬁf\*—i— A Jﬁ?\Rt and domestic price
inflation 7 = 7, — 1777 A @%t, according to Appendix 2.6.5, with weights corresponding

to the GDP share of the oil s, and non-oil (1 — s,) sectors, respectively.
R, = pﬁt_l +(1—p) [qﬁﬂ (soﬁf +(1- SO)W?) + %2] (77)

After rearranging, the PPT rule boils down to:

-1+~

By = pRir+ (1) {qsﬂ <80A1/Df\*+(1—so)ﬂt+so ; A@zt) +¢y2}

Every period, the central bank receives interest on its foreign exchange reserves and

invests into a new stock of reserves. This flow of revenues is transferred to forward-looking

households, savers:
CB . RER, far]

t = t—1 RERt_l 7T;/k - fa:rt ) (78)

where for; = RERt%f; is the real foreign exchange reserves expressed in composite
consumption goods.

A managed exchange rate regime is associated with the foreign exchange interventions
as an additional monetary policy instrument. They represent the purchases/selling of

foreign currency by a central bank, and accumulate the foreign exchange reserves accord-

ing to their rule (Benes et al., 2015), responding to the exchange rate and its rate of

depreciation'®.
Far = profrriy + (1= pro)(aRER, + ay & RER,), a1 <0, ay <0 (79)

This rule shows that the more the exchange rate depreciates/appreciates, the more the for-
eign exchange reserves fall/accumulate, implying the selling/purchases of foreign currency
by a central bank, respectively.

A flexible exchange rate regime is associated with the zero values for oy and as para-

18The higher @%t, the more the real exchange rate depreciates.
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meters in the foreign exchange interventions rule.

2.2.5 Market clearing conditions

For simplicity, an elasticity of substitution between domestic and foreign goods is assumed
to approach one (n — 1); thus, the domestic non-oil goods market clearing condition is
as follows:

pY = [Cr+ (1 — p) L] + 7,0l (G + GY) (80)

The real GDP on its supply and demand sides is:

Y, = p}Y" + YPPU"RER, = Cy + (1 — p)I, + p{ (GY + G}) + NX, (81)

The labor and capital markets clear according to their conditions:

The balance of payments equates its current account with the financial account, com-
bining the budget constraints of government and households-savers. The current account
includes net exports, interest income of SWF assets (as those assets are saved abroad)
minus the foreign share of the oil sector’s profits, while the financial account represents
the interest payments on foreign debt, a new foreign borrowing of households, foreign

exchange reserves transferred to households, and FDI.

.
Ri_,
*
Ty

NX; + "2 (1 = o) SWES \RER, — (1 — (") RER,IIY* =

1 « _RER, Y1 14 « _ px _RER, Jori, %
_ (1 u)( ol AR bt>—|—fxrt P I RER,FDI,

2.2.6 The rest of the world

The rest of the world is a large economy governed by three exogenous equations for its

output, interest rate, and inflation, respectively:

Yi=py Y 4 (82)
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Ry = ¢nmi + ¢,/ (83)

¢*+a*> -

=B B, + N (0 +1- o Y, (84)

The equilibrium of this model consists of households’ and firms’ optimality conditions
(92, 93, 94, 95, 100, and 109), capital accumulation equations (96, 97, and 98), SWF
accumulation (99), outputs (101, 102, and 103), the government budget constraint (104),
fiscal policy (73, 74, and 75), monetary policy (76 or 77 and 79), the balance of payments
(108), FDI process (65), market clearing conditions (106 and 107), price equations (66,
91, and 105), and the rest of the world (82, 83, and 84).

2.3 Calibration

All parameters can be divided into three sets: standard values borrowed from other studies
because of the non-availability of relevant data, estimates from time-series regressions
according to the model’s equations, and calibrated parameters based on a steady state
of the model. The list of parameters is provided in Appendix 2.6.1, excluding the GDP
ratios and parameters for the rest of the world which are described in this section.

The first set includes the depreciation rates for private and public capital 6 = 0.025,
09 = 0.02 (Traum & Yang, 2015), the elasticity of substitution between differentiated
intermediate goods e = 9 (Gali, 2015), price stickiness § = 0.9 (Jakab & Vilagi, 2008),
the inverse of intertemporal elasticity of substitution for consumption ¢ = 2 (Schmitt-
Grohe & Uribe, 2003), investment adjustment costs parameter x = 20 (Berg et al., 2013),
and the fiscal debt response of lump-sum taxes ¢, = 0.4 (Algozhina, 2012). The foreign
parameters are set to their standard values: the elasticity of wages with respect to hours
worked ¢* = 1.45 (Schmitt-Grohe & Uribe, 2003), discount factor 5* = 0.99, inflation
and output responses in the Taylor rule ¢, = 1.5, ¢, = 0.125 (Gali, 2015), price stickiness
0 = 0.75 (Gali, Lopez-Salido & Valles, 2007), output elasticity to capital o* = 0.32, and
output persistence py-. = 0.8.

The second set consists of significant OLS estimates according to the model’s equations
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based on quarterly Kazakh data in real terms, described in Appendix 2.6.2. Since the data
are trending and integrated of first order, a new method proposed by Hamilton (2017) has
been used to extract a cyclical component: 8-quarters future or current value is regressed
on a constant and current or 8-lags value. The residuals from this two-year projection
would represent cyclical factors and describe a true-data generating process, as opposed
to a cyclical component produced by the Hodrick-Prescott filter. These forecast errors
from a univariate time series in log can be treated as a data-consistent analogous object to
the stationary variables in the model, expressed in deviation from their steady state and
matched with trending observed data. A cyclical component of each time series, retrieved
in this way, is then regressed on a cyclical component of other variables according to the
model’s equations.

The estimates of the public consumption rule (74) are as follows, with t-statistics in
parentheses, suggesting the only significant autoregressive coefficient p.- = 0.44, which
is also set for the persistence in public investment p,; = 0.44.

GO = 0.04 +0.44GC | +0.14Y7 — 0.025, 1 — 1.3-105TR, R-sq. 0.37, Adj. R-sq. 0.29

(2.1) (2.5) (1.58)  (-0.37) (-0.82) DW 1.6, N 37 obs.

According to the lump-sum taxes equation (75), the regression of cyclical components
of non-oil fiscal revenues on public consumption, lagged public debt, SWF transfers to
the government budget!'®, and public investment, which is proxied by the data of fiscal
capital expenditures, produces the significant response to public consumption ¢, = 0.95.

T, = —0.03+0.025_1 + 0.08G! +0.95GC — 6.1-10"TR; R-sq. 0.34, Adj. Resq. 0.26

(-0.89) (0.22)  (0.68)  (3.9) (-0.24) DW 1.15, N 37 obs.

The interest rate smoothing p, according to the empirical CPI Taylor rule, appears to
be 0.88.

R, = —0.04 + 0.88R, ; + 0.047, — 1.2V,  R-sq. 0.87, Adj. R-sq. 0.86

(-0.37) (16.6) (0.6)  (-0.94)  DW 1.6, N 49 obs.

The foreign exchange interventions rule (79) results in the following, suggesting the

9The SWF transfers to the government budget are zeros in 2006:Q3 and 2006:Q4. Thus, it is not
possible to take a log of them, and therefore the coefficient in front of this variable is very low.
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persistence parameter p;,, = 0.77 and the exchange rate response a; = 1_—06.3737 = —1.4.
The exchange rate change response «y is insignificant; therefore it is set to —0.1. These
values of a1 and ay apply to a managed exchange rate regime, whereas they are zeros if
a flexible exchange rate regime is examined.
Farf = 0.008 + 0.77fzr; ; — 0.33RER, + 0.29 A RER, R-sq. 0.76, Adj. R-sq. 0.75
(0.45)  (8.78) (-3.2) (0.65) DW 2.1, N 61 obs.

An empirical counterpart of the world oil price equation (66) gives the persistence in
the oil price process p, = 0.85, while the standard deviation of residuals is 0.2.

Po* = 0.003 + 0.85P%, + € R-sq. 0.72, Adj. R-sq. 0.717

(0.1) (12.76) (s.d. 0.2) DW 1.3, N 65 obs.
The FDI equation (65) produces the significant FDI persistence pgp; of 0.3.
FDI; =0.007 + 0.3FDI; | +0.01P  R-sq. 0.09, Adj. R-sq. 0.03
(0.07) (1.7) (0.04) DW 1.92, N 33 obs.

The third set includes the parameters calibrated to a steady state of the model which
corresponds to data averages’’. The GDP ratios of private consumption, public con-
sumption, net exports, FDI, foreign debt, fiscal debt, oil output, public investment, and
foreign exchange reserves are as follows, respectively: ¢, = 0.61, gg = 0.08, nz, = 0.07,
fdi, = 0.09, b, = 2.17, b, = 0.5, s, = 0.52, gé = 0.07, and far, = 0.52. The degree of
openness is calculated as a ratio of imports to GDP, 1 — v = 0.32; thus, the home-bias
parameter in private consumption and investment v is equal to 0.68, while it is assumed
to be higher for public spending v, = 0.9, as its large share may go to the wages of public
servants. The domestic discount factor is around 0.978 because the average T-bill rate is
used as a proxy for the policy interest rate, 2.3 percent per quarter?’. The upper bound
of leverage ratio €2 appears to be 0.54. The elasticity of output with respect to private

capital a is equal to 0.3 as a share of capital income to GDP, while with respect to public

capital it is ¢ = 0.16 suggested by a steady state wage equation in Appendix 2.6.4. Using

20The steady state is natural and inefficient in Appendix 2.6.4, since it is at flexible prices and with
monopolistic competition.

2IThe domestic interest rate matters for the government bonds in this model, as investments are
financed by foreign funds rather than the domestic financial market.

56



data on wages, the elasticity of wages with respect to hours worked ¢ is 1.45 according to
the labor supply condition (90), in which hours are obtained from the non-oil production
function (59). The royalties rate levied on oil production quantity 7° = 0.27 is calculated
as the SWF inflows share in oil output. The dividend share of oil profits that the gov-
ernment receives ¢4V is set to 0.05, while the elasticity of oil output with respect to oil
capital a” is technically feasible at 0.7. The persistence in SWF process p,,; is equal to
0.747 to match the GDP ratio of SWF assets swf, = 0.65.

There are three types of fiscal policy: procyclical, countercyclical, and acyclical. The
acyclical fiscal policy is a benchmark to calculate welfare loss in deviation from it. It is
associated with the zero oil output response of public consumption and public investment
in their rules (Ygc = 0 and Y5 = 0). The procyclical fiscal policy corresponds to
the positive oil output response of public spending (Jgc = 0.4 and Jg; = 0.4), while
the countercyclical fiscal policy is simulated at their negative values (Jgc = —0.4 and
Ygr = —0.4). Those are the two parameters which differ across fiscal cyclicality, while the
rest hold the same. The fiscal debt responses of public consumption v.- = 0.3 and public
investment v,; = 0.3 are assumed to be equal. The response of public consumption to
SWF transfers 7% is set to 0.2, fixing it slightly lower than .. = 0.3, whereas public
investment response to the SWF transfers 5% is 0.1. The parameters of the lump-sum
taxes equation (75) are as follows: public investment response ¢; = 0.2 and SWF transfers

response ¢rp = —0.3. The latter is calculated according to taxes at a steady state under

acyclical fiscal policy:

7 Inb+o;InGr+ ooInGe —InT
B InTR

YTR

2.4 Results

This section describes results in the following order. The welfare measure derived by De
Paoli (2009) is explained, based on which a grid search of Taylor rule parameters is made.

The model has been simulated with two shocks: the world oil price and foreign output
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shocks with their standard deviations of 0.2 for both. Given these optimal monetary policy
parameters, the impulse-response functions to a negative world oil price shock, interpreted
as the worsening of a terms of trade shock, are analyzed to understand its transmission
mechanism. The welfare loss components are examined across fiscal policy cyclicality,
exchange rate regimes, and monetary policy’s price anchors at calibrated parameters of
the foreign exchange interventions rule. Furthemore, these parameters of exchange rate
policy are varied at the optimal Taylor rule to find their loss-minimizing values??. Finally,
weights for loss components are assumed to be not equal, following the parametrization
of De Paoli (2009), to compare with the baseline results.

In a small open economy with monopolistic competition and nominal rigidities, De
Paoli (2009) has used a linear-quadratic approach to derive welfare as a second-order
approximation of households’ utility. The linear terms in this objective function have
been eliminated by a second-order approximation of her model’s equilibrium conditions
in order to take into account the effect of second moments on the mean of the variables.
As a result, the objective loss function becomes a purely quadratic expression of domestic
price inflation, output gap, and real exchange rate.

In this model, such a loss measure is adopted as a sum of variances in domestic
price inflation 7', aggregate output }Aft, and real exchange rate R/EE This loss func-
tion is minimized to find the Taylor rule: inflation ¢, and output responses ¢, across
pro/counter/acyclical fiscal stance. Monetary policy can be hybrid, combining a man-
aged exchange rate regime with a CPI/PPT anchor, or pure inflation targeting associated
with the CPI/PPT under a flexible exchange rate regime. The foreign exchange interven-
tions rule is set to its calibrated parameters (a; = —1.4 and ap = —0.1) for a managed
exchange rate regime, while those parameters are zeros under a flexible exchange rate

regime.

22The existing literature has not yet explored an optimal exchange rate policy combined with monetary
policy in a DSGE framework. Meanwhile, Ilzetzki, Reinhart, and Rogoff (2017) find that less flexible
exchange rate arrangements account for around 80 percent of all countries out of 194 over 1946-2016, or
about one-half of world GDP.
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Table 1. Optimal monetary policy responses

Procyclical fiscal policy

Managed exchange rate | Flexible exchange rate
CPI targeting PPT | CPI targeting PPT

¢ 11 14 13 16
&, 2.35 1.1 2.85 1.35

Countercyclical fiscal policy

Managed exchange rate | Flexible exchange rate
CPI targeting PPT | CPI targeting PPT

O 11 14 12 15
b, 2.6 1.35 3.35 1.6

Acyclical fiscal policy

Managed exchange rate | Flexible exchange rate
CPI targeting PPT | CPI targeting PPT

r 11 14 13 15
®, 2.6 1.1 3.1 1.6

Table 1 shows the results of grid search made in a range 0-20 with a step of 1 for in-
flation response ¢, and 0.1-5.1 with a step of 0.25 for output response ¢,. The reason for
high monetary policy parameters compared to their standard values, commonly found in
the literature, is in the collateral constraint of this model. The Lagrange multiplier to the
collateral constraint appears in the first-order conditions of a forward-looking household’s
problem in Appendix 2.6.3, the log-linearization of which results in two equations con-
taining this shadow value of relaxing the borrowing constraint (94 and 100 in Appendix
2.6.6). One of this equations is essentially the UIP condition, which determines the real
exchange rate that affects inflation, due to its complete pass-through effect, and aggre-
gate output via oil sector or net exports. As a result, the model produces an additional
volatility, which tries to be stabilized by a more aggressive monetary policy than it would

have been in a standard framework without the collateral constraint??.

23The first paper in this dissertation compares volatilities across two cases: with and without a collateral
constraint. Faia and Iliopulos (2011), using the same collateral constraint for their durable goods, also
found that consumption, output, and inflation become volatile in the open economy setting.
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According to Table 1, the PPT inflation response is higher than the CPI targeting
because the PPT Taylor rule includes oil price inflation, which needs to be properly
stabilized in the presence of oil price shock. A flexible exchange rate regime, across
CPI/PPT, has higher inflation responses than the price anchors produce under a managed
exchange rate. This is because the former exchange rate regime has only one monetary
policy instrument, the interest rate, which should still respond to a change in the real
exchange rate as the terms of trade, due to consumption of foreign goods. A managed
exchange rate regime, in contrast, has the foreign exchange interventions in addition to the
interest rate that stabilize the exchange rate; therefore, the inflation response of interest
rate does not need to be high.

As for optimal output response, Table 1 suggests that it is lower under a PPT rule
because oil output can be stabilized by the PPT inflation response, which controls for oil
price inflation. Thus, there is no need for a strong reaction to aggregate output, since
its volatile oil output is taken care by the inflation response already. This, in contrast,
does not hold under a CPI rule. A flexible exchange rate regime, meanwhile, causes the
output response to be higher than a managed exchange rate does at respective CPI/PPT
anchors. This is because the absence of foreign exchange interventions in the former case,
which would otherwise better stabilize the exchange rate and thereby aggregate output,
limits the ability of monetary policy to deal with output volatility, leaving this exclusively

to the interest rate, which therefore has to respond strongly to output.
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Figure 1. Impulse-response functions to a negative world oil price shock of
1%: countercyclical fiscal policy combined with PPT monetary rule under a

managed exchange rate regime
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Figures 1 and 2 show the impulse-response functions to a negative world oil price
shock produced at the optimized monetary policy parameters according to Table 1. A
flexible exchange rate regime, across all cases of policy combination, produces no changes
in the foreign exchange reserves, otherwise the impulse-response functions stay the same.
The figures, in text, display the dynamics of a countercyclical fiscal stance and managed
exchange rate regime, while the rest can be found in Appendix 2.6.7. A sudden drop in
oil price discourages the oil sector’s FDI and decreases net exports. A fall in FDI implies
that the economy is less indebted to the foreign world, whereas an increase of trade deficit
needs to be financed externally. These two effects on the balance of payments front lead to
a fall in the Lagrange multiplier to collateral constraint, since the shadow value of relaxing
the borrowing constraint goes down, as this borrowing limit extends. The interest rate
also decreases, because the UIP condition (100 in Appendix 2.6.6) includes the Lagrange
multiplier, suggesting that a difference between domestic real interest rate and foreign real
interest rate should be equal to a sum of expected change in the real exchange rate and

this shadow value of relaxing the borrowing constraint. Therefore, the Lagrange multiplier
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positively affects the domestic interest rate, and its fall means that the marginal cost of
borrowing declines, triggering a substitution effect from consumption, which immediately
drops, to investment, as foreign debt and non-oil capital accumulate over time. Low
consumption decreases the domestic prices and contributes to a fall in non-oil output, as
hours worked are discouraged by low wages that are production costs to be covered by
low domestic prices. Since non-oil output and oil price decline, the aggregate output falls
as a result of combining two production sectors.

Figure 1, in contrast to Figure 2, shows a larger drop in the interest rate because
a decrease in oil price shock affects the oil price inflation, to which the PPT Taylor
rule responds in Figure 1. The Lagrange multiplier falls to a larger extent under PPT,
influenced by the more decreased interest rate. As the interest rate goes down, inflation
has an obvious spike in the second period. These spikes, due to the lower interest rate
of PPT, are also observed in consumption, domestic prices, hours worked, and non-oil

output as opposed to the dynamics of CPI rule in Figure 2.

Figure 2. Impulse-response functions to a negative world oil price shock of
1%: countercyclical fiscal policy combined with CPI monetary rule under a

managed exchange rate regime
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Table 2 summarizes the numerical results of loss measure L as a sum of variances in
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domestic price inflation, aggregate output, and real exchange rate. The results are pro-
duced at the optimal Taylor rule parameters and calibrated foreign exchange interventions
rule (o = —1.4 and o = —0.1 in the equation 79). All entries are in percent deviation
from a benchmark policy combination: acyclical fiscal stance and a CPI monetary anchor
under a flexible exchange rate regime. Positive values mean the percentage increase in
loss relative to the benchmark, while negative values indicate lower loss contributed by a

respective entry.

Table 2. Loss components (in %)

Procyclical fiscal policy

Managed exchange rate | Flexible exchange rate
CPI targeting PPT | CPI targeting PPT

L 4.56 5.29 1.55 2.13
Var(zh) -0.009 0.01 -0.006 0.014
Var(Y,) -3.67 -2.12 1.21 3.9

Var(RER,) 10.88 -3.18 0.35 1.78

Countercyclical fiscal policy

Managed exchange rate | Flexible exchange rate
CPI targeting PPT | CPI targeting PPT

L -6.59 -7.56 -0.66 0.3
Var(rh) 0.004 0.025 0.01 0.03
Var(Y,) A7 -3.61 0.5 2.05
Var(RER,) 1.83 -3.97 0.17 2.38

Acyclical fiscal policy

Managed exchange rate | Flexible exchange rate
CPI targeting  PPT | CPI targeting PPT

L -5.98 -6.86 0 0.46
Var(zh) -0.004 0.019 0 0.022
Var(Y,) 48 -3.15 0 2.18
Var(RER,) 118 -3.73 0 174

Values are in the percent deviation of corresponding entry from the benchmark acyclical fiscal policy

combined with a CPI targeting monetary rule and flexible exchange rate regime.

Table 2 reports that a countercyclical fiscal stance and PPT monetary rule under a
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managed exchange rate regime is the best policy combination, delivering lower variances in
aggregate output and real exchange rate than the benchmark does. This is because fiscal
stimulus dampens a negative terms of trade shock by countercyclically offsetting it and
stabilizing the ultimate effects on the economy better than procyclical and acyclical fiscal
stances. In fact, a procyclical fiscal policy is the worst, since it transmits an external terms
of trade shock to the domestic economy, which becomes dependent on volatile foreign
shocks rather than staying resilient to them. A managed exchange rate regime is strongly
preferred across all fiscal cyclicalities because a stabilization of exchange rate matters for
a small open economy with its collateral constraint. Such an economy imports foreign
goods and borrows from abroad, so that fluctuations in the exchange rate exacerbate not
only relative price of imports (terms of trade), but also foreign debt. Therefore, foreign
exchange interventions, which stabilize the exchange rate, are beneficial and they better
smooth the aggregate output volatility at the same time.

The PPT anchor helps to achieve a more stable exchange rate than the CPI target
shows in Table 2. This is because the interest rate of PPT responds to a change in the real
exchange rate more than the CPI target, due to expressing the oil price inflation in real
terms. Yet, the CPI rule provides a better stabilization of aggregate output and domestic
price inflation, as the impulse-response functions do not display spikes in consumption,
domestic prices, and non-oil output unlike PPT. It is driven by the CPI Taylor rule, which
has higher optimal output and inflation responses, since the latter is not adjusted by the
GDP share of non-oil output like under PPT. Therefore, if there is a flexible exchange
rate regime, the CPI targeting outperforms the PPT.

Overall, Table 2 supports Frankel and Catao (2011) who recommends the PPT mone-
tary anchor for a commodity exporting economy, since the exchange rate depreciates more
in response to a fall in the world oil price. Note that the exchange rate depreciation does
not occur immediately and is delayed due to sticky prices. However, PPT performs well
under a managed exchange rate regime by improving the exchange rate stabilization, at
the cost of higher volatilities in aggregate output and domestic price inflation. The latter

two variables are better stabilized by the CPI targeting which is preferred under a flexible
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exchange rate regime.

Table 3. Loss components at optimal «; and oy (in %)

Procyclical FP Countercyclical FP Acyclical FP
Managed exchange rate regime

CPI targeting PPT | CPI targeting PPT | CPI targeting PPT
L -24.93 -26.81 -26.74 -29.4 -26.37 -28.63
Var(mh) -0.02 -0.03 -0.028 -0.018 -0.024 -0.03
Var(?t) -24.27 -25.8 -26.5 -27.9 -26.57 -26.74
Var(RER,) -0.64 0.98 0.21 15 0.22 11.86
a1 -9 -4 -9 -4 -9 -4
Qg -5 -6 -6 -6 -6 -6

Values are in the percent deviation of corresponding entry from the benchmark acyclical fiscal policy

combined with a CPI targeting monetary rule and flexible exchange rate regime.

The results of managed exchange rate regime, discussed so far, apply to the calibrated
foreign exchange interventions rule (a; = —1.4 and as = —0.1 in the equation 79).
However, this rule can be optimized given the monetary policy responses provided by
Table 1. The grid search of parameters oy and s is therefore made in a range between
-20 and 0 with a step of 1. Table 3 summarizes the numerical results of loss components
under a managed exchange rate regime at optimal values for a; and as. Since a flexible
exchange rate regime is associated with zero a; and as, its respective columns would be
the same as in Table 2, thus they are omitted in this case.

The results show that output stabilization is significantly improved by a more active
exchange rate policy, in which interventions strongly respond to the exchange rate now.
This is because a stable exchange rate is preferred for this open economy, which borrows
from abroad to accumulate physical capital, imports foreign goods for consumption and
investment, and exports oil that is dependent on the world oil price. It has been assumed,
though, that weights for loss components are equal to one, implying that policymakers
have equal stabilization goals over domestic price inflation, aggregate output, and real

exchange rate.
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Table 4. Loss components with different weights at optimal «; and «y (in %)

Procyclical fiscal policy

Managed exchange rate | Flexible exchange rate
CPI targeting PPT | CPI targeting PPT

L -3.27 4.13 0.84 -3.55
0.54Var(xh) -0.03 -0.05 -0.009 0.02
0.03Var(Y,) -1.84 -1.95 0.09 0.29
0.86Var(RER,) 14 2.13 0.76 -3.86

Countercyclical fiscal policy

Managed exchange rate | Flexible exchange rate
CPI targeting PPT | CPI targeting PPT

L 2.5 5.41 0.4 4.97
0.54Var(zh) -0.04 -0.02 0.01 0.05
0.03Var(Y,) -2 -2.13 -0.04 0.15
0.86Var(RER,) -0.46 -3.26 0.37 517

Acyclical fiscal policy

Managed exchange rate | Flexible exchange rate
CPI targeting PPT | CPI targeting PPT

L “1.56 6.12 0 -3.59
0.54Var(zh) -0.03 -0.04 0 0.03
0.03Var(Y;) -2.01 -2.03 0 0.17
0.86Var(RER,) 0.48 4.05 0 -3.79

Values are in the percent deviation of corresponding entry from the benchmark acyclical fiscal policy

combined with a CPI targeting monetary rule and flexible exchange rate regime.

As a sensitivity test, the weights for loss components can differ, following, for example,
the parametrization of De Paoli (2009): 0.54, 0.03, and 0.86 for variances in the domestic
price inflation, output, and real exchange rate, respectively. These weights are used to
calculate entries in Table 4 at the same Taylor rule and foreign exchange interventions rule
optimally found earlier. Ideally, the weights should be derived in terms of deep parameters
based on a second-order approximation of households’ utility, suggesting future research
on finding a model-consistent loss function. At this stage, Table 4 is rather a preliminary

exercise to assess properties of the model and ensure that the model has been constructed
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correctly. An analytical representation of welfare derivation may yet require a substantial
simplification of the model, to go forward.

The results indicate that even a flexible exchange rate regime should be combined with
PPT, since a weight on the real exchange rate is relatively high now. This supports the
previous finding that a PPT monetary rule stabilizes the exchange rate better than a CPI
anchor. A further analysis of Table 4 should be avoided though, since the variances are
produced by the Taylor rule and foreign exchange interventions rule that are optimized

based on the loss function with equal weights for its components.

2.5 Conclusion

This paper develops a DSGE model for an emerging oil economy to study the loss-
minimizing monetary policy jointly with a pro/counter/acyclical fiscal stance. The study
reveals that the best policy combination is a countercyclical fiscal stance and managed
exchange rate regime with the PPT monetary anchor. This allows the fiscal policy to
countercyclically offset a volatile terms of trade shock, to which developing countries are
often exposed, and the exchange rate to be managed by the central bank’s interventions,
which seem beneficial in providing a stable exchange rate since the economy borrows from
abroad, imports foreign goods, and depends on the world oil price. It also suggests the
monetary policy to target product price inflation, which includes oil price inflation im-
portant for the oil sector’s exports and delivers better stabilization of exchange rate than
the CPI anchor. However, if a flexible exchange rate regime is institutionally chosen, then
the CPI targeting should be adopted, since it stabilizes well the domestic price inflation
and aggregate output. In conclusion, the adverse effects of a volatile terms of trade shock
can be mitigated by an appropriate fiscal and monetary policy combination to smooth
variances in the domestic price inflation, aggregate output, and real exchange rate in a

small open economy.
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2.6 Appendix

2.6.1 Table of parameters

Parameter Definition

8 =0.978 discount factor

v = 0.68 home-bias in consumption and investment

vo = 0.9 home-bias in government purchases

Q=054 upper bound of leverage ratio

w=20.5 fraction of rule-of-thumb households

a=20.3 non-oil output elasticity to private capital

¥ =0.16 non-oil output elasticity to public capital

a®=0.7 oil output elasticity to private capital

¢ =1.45 wage elasticity to hours worked

o=2 inverse of intertemporal elasticity of substitution for consumption
0 =0.025 depreciation rate of private capital (oil and non-oil)

07 =0.02 depreciation rate of public capital

=09 index of price stickiness

€= elasticity of substitution between differentiated intermediate goods
Kk = 20 investment adjustment costs parameter

o, =14 inflation response in the Taylor rule

¢, =135 output response in the Taylor rule

ap=—1.4 exchange rate response in the interventions rule

as = —0.1 exchange rate change response in the interventions rule
7°=0.27 oil royalty rate

1V =0.05 dividend share of oil profits accrued to the government

Yoo = Var = 0.3
Yoo =9qr = —04

Vi =02
ViR = 0.1
w, =04
¢orp = —0.3
vco =0.95
p; =02
Pac = par = 0.44
Prpr = 0.3
Psws = 0.747
p=0.88
Ppar = 0.77
p, = 0.85

O =0+ = 0.2

response of public consumption/investment to fiscal debt
response of public consumption/investment to oil output
response of public consumption to SWEF transfers

response of public investment to SWF transfers

response of lump-sum taxes to fiscal debt

response of lump-sum taxes to SWF transfers

response of lump-sum taxes to public consumption

response of lump-sum taxes to public investment

persistence in public consumption/investment

persistence in the FDI process

persistence in the SWF process

interest rate smoothing in the Taylor rule

persistence in the foreign exchange reserves of a central bank
persistence in the world oil price process

standard deviation of the world oil price and foreign output shocks

2.6.2 Data description

Data are outlined here which are used in the OLS regressions, calculated GDP ratios,

and other calibrated parameters. Most data are manually retrieved from the non-English

websites of respective institutions, indicated in parentheses below. Some data are obtained
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based on a formal request to those institutions.

Real GDP is the GDP at constant prices of 1994 in mln tenge according to the National
Accounts over 1994Q1-2012Q2 (Agency of Statistics).

Private consumption is the consumption expenditures of households at constant prices
of 1994 in mln tenge according to the National Accounts over 1994Q1-2012Q2 (Agency
of Statistics).

Public consumption is public consumption at constant prices of 1994 in min tenge
according to the National Accounts over 1994Q1-2012Q2 (Agency of Statistics).

Fixed capital formation is gross fixed capital formation at constant prices of 1994 in
mln tenge according to the National Accounts over 1994Q1-2012Q2 (Agency of Statistics).

Imports are the imports of goods and services at constant prices of 1994 in mln tenge
according to the National Accounts over 1994Q1-2012Q2 (Agency of Statistics).

Net exports are the net exports at constant prices of 1994 in mln tenge according to
the National Accounts over 1994Q1-2012Q2 (Agency of Statistics).

Oil output is the mining industry’s output in mln tenge according to the composition
of total industrial output statistics over 1998Q3-2012Q2 (Agency of Statistics).

CPI is a quarterly consumer price index over 1994Q1-2012Q2 (National Bank).

Real public debt is the CPI-deflated public debt, including debt guaranteed by the
state, in mln tenge over 1999Q4-2012Q2 (Ministry of Finance).

Real SWF transfers to the government budget represent the CPI-deflated oil revenues
of government budget till 2007 and SWF transfers to the government budget since 2007
in mln tenge over 2001Q2-2012Q2 (Ministry of Finance).

Real fiscal capital expenditures are the CPI-deflated capital expenditures of govern-
ment budget in mln tenge over 2000QQ1-2012Q2 (Ministry of Finance).

Real non-oil fiscal revenues are the CPI-deflated difference between total fiscal revenues
and SWF transfers to the government budget in mln tenge over 2000QQ1-2012Q2 (Ministry
of Finance).

T-bill rate is an effective annual return on medium-term Treasury bills in percent over
1998Q1-2012Q)2 (Statistical Bulletin of the National Bank).

Producer price index is a quarterly producer price index over 1994Q1-2012Q2 (Agency
of Statistics).

World oil price is a petroleum UK Brent price USD/barrel over 1993Q4-2012Q2 (In-
ternational Financial Statistics of the IMF).

Real foreign exchange reserves are the CPI-deflated net foreign exchange reserves of
the National Bank in mln tenge over 1994QQ4-2012Q)2 (National Bank).

Real exchange rate is a bilateral real exchange rate, tenge per 1 USD, over 1995Q1-
2012Q2 (National Bank).

Real FDI is the US CPI-deflated foreign direct investment in mln USD according to
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the balance of payments statistics over 2002Q1-2012Q2 (National Bank). The US CPI
index is retrieved from the International Financial Statistics of the IMF.

Foreign debt is an external debt of banks and other private entities in mln USD
according to the balance of payments statistics over 1995Q1-2012Q2 (National Bank).

Wage is an average monthly wage of a hired employee in tenge over 1994Q1-2012Q4
(Agency of Statistics).

SWEF inflows represent the oil revenues of government budget till 2007 and inflows into
SWFEF since 2007 in mln tenge over 2001Q2-2012Q4 (Ministry of Finance).

SWF assets are the stock of SWF at the end of period in mln tenge over 2001Q2-
2012Q4 (Ministry of Finance).

2.6.3 First-order conditions

The first-order conditions of the forward-looking household’s problem are listed in this
appendix, where \;, )\,’f , and A\ ); are the Lagrange multipliers to the budget constraint
(53), capital accumulation (54), and collateral constraint (55), respectively. In particular,
equations (85), (86), (87), (88), (89), (90) below are the first-order conditions with respect
to consumption, investment, non-oil capital, government bonds, foreign debt, and hours

worked, respectively.

1
—s =\ (85)
s _ N
o7 %]
1 R I )2 ( I ) I Q141 ([t+1 ) ([t+1)2
—=1-=-—-1) —k|——1] —+0kE —1 —_— ,
Q: 2 (It_l Iy L e T I
(86)

PN . .
where @y = 5t is a shadow value of non-oil capital.

N+l 1ok Qi1

=F — | R 1-96 AQ 87
Qt t {/B )\t |: t+1 + Qt+1 ( ):| + t RERtJ,_l/RERt ( )

1 g1 }
— = (F 88
Ry 6 ' {)‘tﬂ't+1 ( )

1 Aiv1 RER

— = (F NS 89
m { M RERMH}+ t (89)
W, =Nt (90)

The first-order conditions of a rule-of-thumb household with respect to consumption
C} and hours worked N; are identical to the saver’s solutions above. Thus, a non-saver

faces the same labor supply condition (90).
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2.6.4 Steady state

The model’s steady state assumes zero inflation, thus it is at flexible prices. Variables at
steady state are denoted by bars and presented in this appendix.

The first-order condition of a forward looking household with respect to the govern-
ment bonds (88) gives that R = 5. while with respect to foreign debt (89) suggests
X = B* — 3 at steady state. Similarly, R = ﬁ—*.

An oil producer equalizes the marginal product of capital to its price:
o o\ (Tro\a’—1 Dok 1
a’(1 —7°)(K°) :R‘):B—(l—(S),

from which the steady state of oil capital can be found.

5 _ {1//3 - (1 _)5)]

a°(l —r°

Since oil capital is known, the oil output, FDI, and SWF are obtained from their respective

equations (63), (65), and (67, 71, 72):

[7° + 14v(1 — TO)]W
11— pswf/ﬁ*

Yo= (Ko, FDI*=6K°e, SWF =

The law of one price holds. There is also an assumption of symmetric steady state
(i = 1) and a unit elasticity of substitution between domestic and foreign goods (n = 1).
Thus the real exchange rate and relatives prices at steady state are equal to one.

The SWF transfers to the government budget are as follows:
TR = T (1 — poy,) SWFRER
The public capital accumulation equation (70) gives public investment at steady state:
Gr =0"Kq

Fiscal debt is represented in terms of public capital, using the public investment equa-

tion (73) and the expression above:

_ Y‘”TRWR e
b o -
O Kg

Public consumption is as follows based on its rule (74), in which fiscal debt can be
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plugged from the previous equation:

VGO GC
Y, TR"™"

¢ = B’YGC
The lump-sum taxes equation (75) suggests taxes at steady state:

B%G_]SDIG_CS%‘

T = ﬁipTR

The government budget constraint (68) can be used to obtain public capital by substi-
tuting the taxes, SWF transfers, public consumption, public investment, and fiscal debt

with their respective previous expressions:
T+TR=Gc+Gr+(1—p)(R-1)b

The first-order condition with respect to non-oil capital (87) yields the following rental
cost of capital:

— 1 A0
Rkno:__ — ) —
Um0

The price setting problem of a non-oil firm suggests that the marginal costs (60) equate

with the inverse of price frictionless mark-up —=; at steady state; thus, wages are:
— 1
Koa%(e — 1)] e

W=(1-a) (Foyas

1
The labor supply condition (90) gives N = W',
As aggregate output is a sum of non-oil and oil output ¥ = Y7m° + RERY° =
NI_QKGWK no® 4 RERY?, the non-oil capital is obtained in terms of aggregate output:

1
— Y — RERY°\"
Kno = ——l—a—
N Kg

The law of motion for capital (54) relates private investment with the non-oil capital:
I=0K".
The collateral constraint (55) allows finding the foreign debt:

— QK
b =

==k

R

The steady state foreign exchange reserves, according to their rule (79), are equal to
1 given that RER = 1.
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The balance of payments equation provides net exports:

NX = (1—p)(R*=1)b*+ (1 — R*)far* — RERFDI* — R*(1 — p,,,;)SWFRER +

+(1 —"™)YRER(1 — 7°)Y°

The taxes of rule-of-thumb households are equal to:

WZT—(l—u)ﬁ
o

given that T, = pTN + (1 — p)T°, while the taxes of savers can be derived from their
budget constraint (53), assuming that both types of household have equal consumption
at steady state:

e—1 —

TS = p | (RFno — §)Km 4 b(R — 1) + b*(1 — R*) + (1 — VYo + (R* — 1) far*| +T

3

The budget constraint of a rule-of-thumb household (56) provides its consumption
CN = WN — TV, which is assumed to be equal to the saver’s consumption, thus to
aggregate consumption as well due to the sum of both households’ consumption: C' =
uCN 4 (1 — p)CS.

The real GDP condition (81) can be utilized to derive the aggregate output, by plug-
ging into variables expressed in terms of output according to their steady state equations
above:

Y=C+(1—wI+Gc+Gr+NX

2.6.5 The Phillips curve

The Phillips curve for CPI inflation in a small open economy has been derived according
to Gali (2015).
The log-linearized optimal price setting condition (62) delivers a standard equation

for domestic inflation 7

l—-a —
= BB + Ao g MG

where m is the log deviation of the economy’s average real marginal costs from their
steady state and A\ = 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;:
R A ==y
Ty = Ty + T A RERt (91)
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The Phillips curve then is as follows:

1 — —
LB, A RER, 1,

1— 1— —
= BEmi1 + )\—MC’t + . AN RER; — 3
l—a+ae ol

where ]\//[\C’t = 171\/75 — (Z”\O — ]/V\t)+ I_T'YR/EE Wages can be substituted with the log-
linearized labor supply condition (90), so that the Phillips curve used in the model is:

1 — 1 — — 1 —~v ——
7 = BEm+ —1 ()\ a A+ 1) RER,— —RER._, (92)
0 -« —l— vy
1-— o
—B—LE,RER;, + A— (6N - v7)
— o+ ae

2.6.6 Log-linearized equations

The aggregate consumption equation is derived according to Gali, Lopez-Salido, and
Valles (2007) by combining the Euler equation (88), budget constraint of the rule-of-
thumb households (56), and the relationship C; = uC» + (1 — p)C?:

Ct EtCtJrl + 0, ( EtNtJrl) @i(ﬁt — Eymigq) + ﬂﬁ_l(ﬂ — ft% (93)

where O,, = [qus(b +(1— N)Nﬂ C 'and ©; = (0C) L (1 — p)(C — ¢—1N¢).

The combination of the first-order condition with respect to non-oil capital (87) and

—

investment (86) given that Rf"™ = oN, — /t\l delivers the following:

K(1+B)T, = (5(1 )+ QF) [m 4 B) B — KBE T — /Jt] V kBE L (94)
(1 - B(1—8) — OV E; [¢Nt+1 . f(\] (1— N9 (Et _ Emﬂ)
il + QN(Eyr;,, + RER, — E,RER 41 + X))

The collateral constraint (55) combined with the first-order condition with respect to

investment (86) yields:
b; = Bty — R + K+ RER, — E,RERy 4y + k(1 + B)EiI 1y — kBE I3 — kI, (95)
The law of motion for non-oil capital (54) is as follows:
Ky = (1= §)Kp2 + 01, (96)
Similarly, the public capital accumulation (70) in its log-linearized form is below:

KS = (1—69KC, +0°G] (97)
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The oil capital is accumulated by FDI according to its equation (64):
K¢ = (1-0)K{, +0FDI; (98)

The combination of oil tax revenues equation (71), SWF accumulation (72), and the

profits of oil producer (67) corresponds to:

[7° +149Y(1 — 79)]s,

sw fy

SWE, = py; B (SWF,_, — %) + (Y2 + P& + poup Ry (99)

The log-linearization of the first-order condition of a saver with respect to foreign debt
(89) provides the following UIP condition:

~

ﬁﬁﬂwﬂ+%%<mmﬁ@mﬁm_mﬁﬁ(%_Qy (100)

The non-oil and oil production functions (59 and 63) give respectively:

}Z’E = a@ +(1- Oz)]/\\ft + 1/JfA(G,t—1 (101)
P =a’Ky, (102)

The aggregate output is as follows:
Yi= (1= 50)¥i + (1= so)pj + 50(Y + RER, + ") (103)

The government budget constraint (68) in terms of fiscal debt results in:

I C C I
by = R(bj_y—m)+ R_1 + ¥ G+ Y Q¢ 4 L2V g 104
t ey =) b B b (3 G = o, = g, (104
T =~ (1 _pswf)swfy x (1 _pswf)R*swfy DD AT
—= T, — i RER,+ SWF,_, — 7}
bl—p) " b(l—p) by(1 — 1) (RER, =1 =)

The log-linearized relative price of government purchases to composite consumption

(69), assuming 1 — 1, is this:
pl =7apt + (1= 75) RER, (105)
The domestic goods market clearing condition (80) can be rewritten as:

— 5 ve, ~ (A=A —i)y= 795 = gl = 7 +gl)~
Yno h _ Y O Yy I Yy GC Yy GI Yy Yy q
N T S) Ta—a) Ta—e)t T Ta—sy)

(1—s,)

(106)

where (1 —i,) = 1— ¢, — g5 — g} — n,.
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The real GDP (81) is represented in terms of investment:

~ ~

I, = —i)1—p) Y, —¢,C — ngtC — géG{ — (gyc + g;)pf —nx, NX, (107)
Y

The log-linearization of the balance of payments equation results in:

_ R¥b* (1 — p)~ R(1-p,, — (1 — p)R*b* + R*
NXt _ y( Iu) b:_l + ( P f)swfy ( :LL) Y f‘rryﬂ_: (108)
n, n,
_HEI)Z(I — 1) B R'(1- Psws)SW [y B R*far, _ fdiy .
n, n, N, n,
1— 0 dV)(1 = 79)s,, —  R*far, — R*b*(1 — p) —
A=A = 750y e BT NSO )
nw, Ny
1 — div 1 — 70 0 o E* 1— o f)SW [y =————=
n, n,
L— )bl — (1= pyyr)swfy, — far, ~ R* —
+( by, = (1 = peug)swfy — f VR fﬂyfxr;‘,l N
n, Ny
L il “)bj; _ Ay E
Ny n, Ny

The budget constraint of a saver (53) is log-linearized as well, by combining the aggre-
gate relationships for consumption C; = pCN +(1—p)CY and taxes Ty = pTN +(1—p) T},
and the budget constraint of a rule-of-thumb household (56):

_¢ —
~ N + (1 — p) KnoRkno 1— 1—s,)(e —1)p,—~ 1— )b, —
C CyE Cy
T~ (1—pbR,— 1— ~ Lo ~
—:ﬂ + %(btfl — 7Tt) -+ —’u<b;;b;( — (1 — ’ly>[t — bybt) —
C Cy Cy
1— bR — (1 —p)b*R* — R* S _—
Ll i L Ly S ALy
Cy Cy Cy
R* — (1= wbiR* (1 — )1 —s,)(e —1)(1 —~), ——
oy = (=R (= )= s)le =D)L= e
Cy cygﬁ)/
xr, — (1 — b* _— 1— 1— o) =¥/ -~ N —
A Z O L) o gy ol
Yy Y Y
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2.6.7 Impulse-response functions

Figure 1. Impulse-response functions to a negative world oil price shock of 1%: acyclical

fiscal policy combined with PPT monetary rule under a managed exchange rate regime
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Figure 2. Impulse-response functions to a negative world oil price shock of 1%: acycli-

cal fiscal policy combined with CPI monetary rule under a managed exchange rate regime
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Figure 3. Impulse-response functions to a negative world oil price shock of 1%: pro-
cyclical fiscal policy combined with PPT monetary rule under a managed exchange rate

regime
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Figure 4. Impulse-response functions to a negative world oil price shock of 1%: pro-
cyclical fiscal policy combined with CPI monetary rule under a managed exchange rate

regime
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A flexible exchange rate regime, across all figures of policy combination, produces no changes in the

foreign exchange reserves, otherwise the impulse-response functions stay the same.

78



3 Optimal Public Investment in Resource-Rich Low-

Income Countries

24

3.1 Introduction

Resource-rich low-income countries are often considered as the most vulnerable economies
in the world for three basic reasons. First, they are exposed to volatile external shocks:
commodity world price fluctuations, capital inflows/outflows, and geological discov-
ery/depletion of natural resources. Second, they are prone to a natural resource curse
due to weak institutions, high income inequality, inefficient governance, and Dutch Dis-
ease problems (Van der Ploeg, 2011). Third, their current generation is poor, living in an
environment of capital scarcity, an underdeveloped financial system and high absorptive
costs for investment to build home-grown capital. In such specific conditions, finding an
optimal rule-based policy to manage resource windfalls with a sustainable development
objective is crucial, but challenging.

Several studies have recently concluded that resource abundant developing economies
are better off investing their resource windfalls domestically rather than saving them
abroad in a Sovereign Wealth Fund for future generations (Berg, Portillo, Yang & Zanna,
2013; Van der Ploeg & Venables, 2011; Collier, Van der Ploeg, Spence & Venables, 2010).
This is due to the lack of growth-inducing domestic capital such as infrastructure and
human capital, which have higher social value and returns than foreign assets in those
economies. The fact of poor, impatient, and credit-constrained current households, who

need to consume now, suggests a policy focus of benefiting them, as opposed to saving for

24This project was assigned during my summer internship-2012 at the IMF’s Research Department
(Washington, DC).
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future individuals, who may well be in a relatively wealthier position given a sustainable
development path over time.

This paper utilizes the perfect foresight general equilibrium model of Berg et al. (2013),
who find that the sustainable domestic investment of resource windfalls is preferable to
saving them abroad. However, in drawing this conclusion, they arbitrarily compare a
26 percent increase in public investment to 40 percent at given adjustment speed. The
objective of this study is to find an optimal policy rule for public capital, which is pinned
down by two parameters — a new steady state level of increased public capital and its
adjustment speed. These are optimized on a grid to maximize a household’s utility. Since
public capital is a stock variable, the associated optimal public investment path is obtained
accordingly. Therefore, this paper extends Berg et al. (2013) in several respects: The
policy rule for public capital is introduced. Absorptive capacity constraint costs in public
investment are captured by a single parameter. External savings clear the government
budget. There is a variable share of resource revenues to accumulate the SWF, and the
natural resource sector has its FDI shock.

In section 3.2, the model is outlined representing households, producers of traded
and non-traded goods, natural resource sector, and fiscal policy. Section 3.3 describes
the calibration of parameters, the list of which is provided in Appendix 3.7.1. Section 3.4
discusses the findings of optimal policy for public capital and public investment at different
absorptive capacity constraints. Sensitivity analysis to a reduced output elasticity of
public capital is presented in section 3.5, including a scenario of no resource windfall

shock. Section 3.6 concludes.

3.2 Model

The model is a small open, real economy with no external public or private debt, but with
FDI in a natural resource sector. This "closed" assumption of a financial account captures
the limited access of low-income countries to foreign funds and facilitates the study of an

increase of public investment solely financed by a resource windfall rather than by external
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borrowing. The domestic public debt is fixed to avoid a drop in household’s consumption
due to increased savings in the government bonds than finance the scaling-up of public
capital.

The model has a representative household, who consumes and pays consumption tax,
supplies labor and pays fixed labor tax, owns firms of traded and non-traded goods, holds
a constant amount of government bonds and receives fixed remittances from abroad and
fixed transfers from the government budget. The producers of traded and non-traded
goods are perfectly competitive, who differ in terms of their total factor productivity
(TFP) and have public capital as an additional input in their Cobb-Douglass production
function. The natural resource sector is assumed to be capital-intensive with its real FDI
shock, thus there is no labor input in this sector to avoid the complications from possible
labor mobility. Public investment is productive, effectively accumulating public capital

and yet containing absorptive capacity constraints.

3.2.1 Households

A representative household maximizes its expected utility by choosing composite con-

sumption C; and labor L;:

> 1 Y K
Ey» p [EO’} - mL%W (110)
=0

subject to the budget constraint:
(1+79C,+B=(1—-71Ywl,+RB+Q + QY + s,RM* + Z, (111)

where o and v are the inverses of the elasticity of intertemporal substitution for con-
sumption and labor, 7¢ and 7! are the consumption and labor tax rates, QI and QY are
the real profits transferred from the producers of traded and non-traded goods, s; is a
CPI-based real exchange rate, RM* is remittances in the units of foreign consumption

(denoted by an asterisk), Z is the government transfers, B is the government bonds, and
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R is the domestic real interest rate.
The composite CES consumption bundle C; includes traded (C}) and non-traded
(CN) goods:
Cr = [X(C)S + (1= ()], (112)

where ¢ is a consumption home-bias parameter and y is the intratemporal elasticity of
substitution between traded and non-traded goods. Composite consumption is set as a
numeraire for the economy, so that by the assumed law of one price for traded goods, s; is
also the relative price of traded goods to composite consumption, while pY is the relative

price of non-traded goods to composite consumption:
L=pp!) ™+ (1 —p)s (113)

Labor supply of a household consists of labor efforts made in the traded (L) and
non-traded (L) sectors with p as an elasticity of substitution; thus, there is imperfect

labor mobility between these two sectors:
L= |6 (M) +(1—6) #(LT)+ (114)
A real wage index combines the real wage rates in each sector:
N T TH
wy = [0(wy") + (1= 6) (wy ) 7] (115)

3.2.2 Producers of traded and non-traded goods

The Cobb-Douglass production function of sector j € {T, N} includes public capital K,

as an additional input with its output elasticity of a:

G

Y/ = 2 (KL) (L)Y (KEL)° (116)

The law of motion for private capital has quadratic investment adjustment costs with

82



a relevant parameter 7/ > 0:

y i\ i W[ j

The traded and non-traded sectors are perfectly competitive and differ in terms of
their TFP. There is a constant TFP parameter " for the non-traded sector and learning-

by-doing externalities are in the TFP of the traded sector:
2 =N, Inzl =prnz. | +dnY?”, (118)

A producer maximizes its net present-value profits, weighted by the marginal utility

of household \;:

J

Ey»  BMplYy —w]L] - 1] (119)
t=0 h :E ;
through choosing labor, capital, and investment subject to the capital accumulation equa-

tion (117).

3.2.3 Natural resource sector

The natural resource production is assumed to be a capital-intensive sector and has capital

input:

o

Y = 2 (K7™, (120)

which is accumulated by the FDI denominated in foreign consumption goods.
K =(1—-0)K; ,+ FDI; (121)

The only shock in the model is a real FDI shock transmitting through the resource
output:

InFDI} = ppp;In FDIF | +efP! (122)
The profits of the resource sector include royalties levied on production quantity at a
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rate 7°:

Q= (1- )Py (123)

The resource sector is owned by foreigners and government: the dividend share of
resource profits that the government receives is denoted by (4. The resource revenues

consist of royalties and dividends:
]ﬂto — St[TOPto*}/;O 4 LdiVQg*] (124)

3.2.4 Fiscal policy

The government collects its resource revenues, non-resource revenues representing con-
sumption and labor taxes, and interest income from the SWF. Fiscal expenditures in-
clude transfers, interest payments on bonds, and government purchases which are a sum
of public consumption and public investment. Thus, the government budget constraint is

as follows:

ES, =T + 7¢C, + 'w, Ly + s;r*SWEFY | — Z — (RB — B) — p(GS + G,  (125)
—— —

TtN O Gt

where a residual variable E'S; indicates the external savings that accumulate SWF. The

external savings themselves are a time-varying share of resource revenues ¢,.

* * ES (0] TO
SWE = popSWFy +——, ES =067, ¢ =07 (126)
t
The policy rule to be examined for the optimal increase of public capital I;LG and
adjustment speed 7 is as follows:
KE=(1—e™KS, +e"KC, (127)

where K¢ is a new steady state public capital, while K¢ is an initial steady state level

of public capital.
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Public capital accumulation involves the effective public investment eéf with its ab-

sorptive capacity constraint costs pinned down by the parameter b > 0:

G! ?
o)

Similar to private consumption, government purchases are the CES bundle of traded

KS=(1—-6KS, +eGl, G = e (128)

and non-traded goods with a variable degree of home-bias v;:

X

G, = uf(G%"?#(l—ut)i(GZ)"?l} i (129)

This parameter is time-varying, according to Berg et al. (2013), to distinguish the home-
bias of additional public spending (v,) from its steady state value (v), since the analysis
focuses on the allocation of additional public spending to public investment:

PeG, — oG

130
ptGGt ( )

vi=v+ (vyg—v)

The relative price of government purchases to composite consumption is accordingly

as follows:

pe = [ T (L= v)sy Y] (131)

3.2.5 Market clearing conditions

The market clearing condition for the non-traded sector requires that its supply is equal

to demand:

YN = ") X[@(C+ 1Y + IF) + vi(0])¥GY) (132)

DY

The aggregate output consists of traded, non-traded, and resource sectors’ output:

Y= sY, +p VY + s Y (133)

The current account deficit includes the domestic absorption, output, remittances, and
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interest income of SWE:

CAY = (Cy+ IF + IN + I° + p9Gy) — Y — sy [RM* + r*SWE} ] (134)
—_———
I
The balance of payments is specified by the following variables: current account deficit,

FDI, foreign share of resource profits, and the difference of SWF assets.

CA} = si[FDI; — (1 —1™)Q7" — (SWE; — p,f SWEF] )] (135)

The equilibrium system of equations consists of solutions to the household’s and firms’
optimization problems, private and public capital accumulation equations, government
budget constraint, fiscal policy, SWF accumulation, price equations, market clearing con-
ditions, balance of payments equation, and FDI process. The dynamics of the model
are driven by a large temporal FDI shock, so that resource output eventually reverts to
its pre-windfall level. The equilibrium is solved non-linearly from the initial pre-windfall

steady state to a new steady state of increased public capital.

3.3 Calibration

The model is calibrated on annual data for the CEMAC region (Central African Economic
and Monetary Community), which includes Cameroon, Central African Republic, Chad,
Congo, Equatorial Guinea, and Gabon. The FDI shock persistence is set to 0.8 with
a standard deviation of 6.26 to double the resource output-to-GDP ratio over the next
ten years. The domestic real interest rate is 10 percent, giving a discount factor of 0.91
associated with the presence of impatient households. SWF earns a real return of 2.7
percent, whereas public capital, due to its scarcity, has a higher net return of 9.12 percent
at its annual depreciation rate of 10 percent and output elasticity of 0.1. As a sensitivity
test, the return on public capital lower than the SWE’s interest rate (1.47 percent) is also

examined, by changing its output elasticity to 0.06. The tightness of absorptive capacity
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constraints b is varied across 0.1, 0.2, and 0.3 to observe the differences in optimal increase
of public investment. The remaining parameters are consistent with the calibration of Berg

et al. (2013) for the CEMAC region and listed in Appendix 3.7.1.

3.4 Results

The optimal policy parameters to increase public capital specified by equation (127) are
found in two steps. First, the search of welfare-maximizing public capital at a new steady
state K¢ is implemented based on a discounted sum of household’s utility. Second,
given this optimal level of public capital, the utility-maximizing adjustment speed ~ is
found over a 100 year period. These two steps are repeated at each absorptive capacity
constraint b, which characterizes the tightness of public investment costs in the economy.
Technically, the non-linear model is solved in such a way that external savings eventually

clear the government budget constraint, and public investment adjusts to avoid an initial

hike in consumption tax rate.

Table 1. Main results (a“ = 0.1) b=01 b=02 b=03
Effective public investment per $1 invested 0.6613 0.6613 0.6604
Optimal increase of public capital 64.74% 44.15% 35.32%
Optimal adjustment speed 0.16 0.14 0.14
Optimal increase of public investment at new SS 74.4%  52.6%  43.4%
Overshooting magnitude of public investment 102% 79% 71.1%
Overshooting magnitude of effective public investment 81.1%  56.7%  45.2%
Consumption tax rate increase at new SS 39.4%  27.9%  23.2%
St dev of consumption growth over first 10 years 1.36 0.75 0.76

Welfare gain w.r.t. original pre-windfall steady state 3.2% 2.5% 2.1%

The main results are summarized in Table 1. A parameter b = 0.3 can be interpreted
as $0.6604 effective public investment accumulating public capital per $1 invested. As ab-
sorptive capacity constraints become less tight (b declines), the effective public investment
per $1 invested increases and the optimal levels of public capital and public investment

rise, which are highest at b = 0.1. The adjustment speed to reach a new increased level
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of public capital appears to be at its value which produces an overshooting public in-
vestment path that turns out to be optimal across all b. This suggests that front-loaded
public investment is preferred thanks to a resource windfall in low-income countries with
their capital scarcity and underdeveloped domestic financial market.

In order to finance public investment in the long run, the consumption tax rate has
to rise, since the resource windfall is an initial one-period shock. In terms of welfare
gain, which is measured as a percentage increase in consumption from the original pre-
windfall steady state, the loose absorptive capacity constraint delivers the best outcome.
Yet consumption is very volatile in the first several years given the higher magnitude of

optimal overshooting public investment at b = 0.1.

Figure 1. Optimal rates of public capital increase
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Y-axis is in percent deviation from the initial steady state in all figure hereafter unless denoted
otherwise.

A temporary FDI shock hits the economy in Figure 1, with different absorptive capac-
ity constraints and their respective optimal rates of public capital increase according to

Table 1. In response to the shock, a resource output-to-GDP ratio doubles to 18 percent
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and resource revenues rise to 14 percent of GDP during the next ten years. The saving
share of resource revenues ¢,, though quite small, yet generates a large increase of external
savings in the SWF. A blue solid line depicts the lowest increase of public capital asso-
ciated with the tight absorptive capacity constraint, and therefore an excess of resource
windfall is saved more in the SWF rather than invested domestically. A black dashed line
corresponds to the dynamics under b = 0.2 as a middle case. A red dotted line, asso-
ciated with a loose absorptive capacity constraint and thus high accumulation of public
capital, shows the welfare preferred case, as it delivers permanently higher consumption
and permanently lower labor (higher leisure) than the other two lines.

Consumption tax rate as a part of non-resource revenues increases in the later period,
since external savings eventually deplete to maintain public investment. The current
account deficit initially rises due to a temporal FDI shock, but then declines as resource
output and savings in the SWF expand. The magnitude of public capital increase affects
the extent of exchange rate appreciation: the more the government invests, the more
the exchange rate appreciates. Return on public capital, meanwhile, depends on its
availability: capital scarcity generates its higher return and vice versa (a blue solid line

versus a red dotted line in Figure 1).

Figure 2. Different adjustment speed
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Figure 2 compares the impulse-response functions across two adjustment speeds at
b = 0.2. A blue solid line illustrates the optimal overshooting public investment path
(v = 0.14), while a black dashed line shows no overshooting dynamics relative to a
new steady state level (y = 0.07). Consumption and labor under non-optimal public
investment appear to be more volatile than they are under a preferable front-loaded
policy. In terms of welfare gain, the optimal public investment policy is equivalent to a
2.5 percent increase in consumption from the original pre-windfall steady state, while the

non-overshooting path at v = 0.07 produces a welfare gain of 1.9 percent.

3.5 Sensitivity analysis

This section examines two cases. Public capital is less productive compared to the base-
line model and, thereafter, there is no resource windfall in the first place. If public capital
has its output elasticity of a® = 0.06, as opposed to baseline o = 0.1, and its return is
therefore lower than the SWEF’s interest rate by 1.23 percentage points, then the govern-
ment should accumulate less capital, but at a faster adjustment speed (see Table 2). This
is because, over time, the return on public capital decreases as it is expanded by public
investment; thus, the overshooting public investment path is still preferred. However, rel-
atively volatile consumption takes place at the tight absorptive capacity constraint b = 0.3
as opposed to b = 0.1 in Table 1. This is because public capital, being less productive,

does not need to increase much, but should adjust to that level fast.

Table 2. Sensitivity analysis: o = 0.06 b=01 b=02 b=0.3
Effective public investment per $1 invested 0.695 0.694 0.694
Optimal increase of public capital 26.1%  20.36% 16.06%
Optimal adjustment speed 0.29 0.28 0.28
Optimal increase of public investment at new SS 27% 21.5%  17.1%
Overshooting magnitude of public investment 59.3%  45.7%  38.4%
Overshooting magnitude of effective public investment 53.7%  39.6%  32.3%
Consumption tax rate increase at new SS 16.3%  13% 10.3%
St dev of consumption growth over first 10 years 0.84 0.91 0.98

Welfare gain w.r.t. original pre-windfall steady state  1.1% 0.9% 0.8%
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Figure 3 contrasts the dynamics of a public capital increase by 35.32 percent at b = 0.3,
according to Table 1, versus its behavior under a reduced output elasticity, a¥ = 0.06.
A solid blue line shows that relatively productive public capital generates higher non-
resource output, consumption, and wages, since labor also becomes productive allowing
households to have more leisure. However, consumption tax rate is higher in the long
run under a® = 0.06, because more tax revenues are needed to finance the same level
of public investment, as low output, due to less productive public capital, creates fewer

fiscal revenues.

Figure 3. Different output elasticity of public capital
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In order to compare the main results with a scenario of no initial resource windfall, a
version of zero FDI shock is simulated within the same framework. Table 3 summarizes
the results without a resource windfall across different absorptive capacity constraints.
The percentage increase of public capital is the same as in the baseline version with FDI
shock, but the adjustment speed is significantly lower, suggesting a gradual increase of
public investment instead of its earlier overshooting path, due to the absence of an initial

resource windfall.
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Table 3. No resource windfall: o = 0.1 b=01 b=02 b=0.3

Effective public investment per $1 invested 0.6882 0.6887  0.6888
Optimal increase of public capital 64.74% 44.15%  35.32%
Optimal adjustment speed 0.001 0.001 0.001
Optimal increase of public investment at new SS  41% 28.4%  23%
Consumption tax rate increase at new SS 20.7%  14.3% 11.6%
St dev of consumption growth over first 10 years 0.024 0.017 0.014
Welfare gain w.r.t. original steady state -0.01% -0.001% -0.003%

Negative numbers for welfare gain mean that a scenario of no resource windfall is
worse than the original steady state without any increase of public capital. This is due to
the absence of external savings as an additional fiscal buffer to finance public investment
initially, and the only instrument is consumption tax, which is distortionary for the welfare

contributing consumption component.

Figure 4. Dynamics under no resource windfall
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Figure 4 shows the dynamics of public capital increase by 35.32 percent at b = 0.3 with

its adjustment speed of 0.001. The saving share of resource revenues ¢, is at its constant

92



calibrated value, while the SWF is zero. The gradual scaling up of public investment is
financed by a steady increase of consumption tax rate, which reduces consumption in the

beginning and is thus not welfare improving.

Table 4. No resource windfall: o« =0.1, 3=098 b=0.1 b=0.2 =0.3
Effective public investment per $1 invested 0.6613 0.6613  0.6604
Optimal increase of public capital 64.74% 44.15% 35.32%
Optimal adjustment speed 0.019 0.024 0.024
Optimal increase of public investment at new SS 74.4%  52.6%  43.4%
Consumption tax rate increase at new SS 40.6%  28.75% 23.9%
St dev of consumption growth over first 10 years 0.44 0.38 0.31
Welfare gain w.r.t. original steady state -0.51% -0.42% -0.35%

Table 4 is produced at a higher discount factor 5 = 0.98 than the baseline one g = 0.91,
which corresponds to a real interest rate of 2 percent. A high discount factor implies that
households are patient and value the future more today, than impatient households with
their low discount factor. The former case, giving preferences for savings and investments,
suggests a significantly high optimal increase of public investment in Table 4 relative to
Table 3, which appears to be identical to the main results with a resource windfall in Table
1. The more households are patient, the more public investment is preferred, but since
there is no resource windfall, consumption tax increases to finance the public investment;
thus, welfare gain falls more. In other words, under no resource windfall, the economy is
worse off than in its initial steady state without any public investment, suggesting that
it matters how fiscal expenditures are financed. Commodity-rich economies can benefit
and improve their welfare by investing returns from their natural resources domestically,

using the front-loaded public investment policy.

3.6 Conclusion

This paper examines the optimal fiscal policy to accumulate public capital through in-
vesting resource revenues domestically rather than saving them abroad in the SWF of

resource-rich low-income countries. The model is a modified version of Berg et al. (2013)
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in several respects: The fiscal policy rule is expressed in terms of public capital as a
stock variable and the public investment path is obtained from capital. The tightness of
absorptive capacity constraints is captured by a single parameter b in the equation for
effective public investment. External saving is a clearing fiscal instrument rather than
distortionary consumption tax, and there is a variable share of resource revenues saved in
the SWF as opposed to its fixed share.

This study finds the optimal level of public capital and its adjustment speed to that
new increased steady state. The associated optimal public investment path is front-
loaded regardless of absorptive capacity constraints and productivity of public capital.
Less productive public capital suggests the lower magnitude of increase for capital and
public investment, but should move at a faster adjustment speed to its new steady state
level. The gradual non-overshooting increase of public investment causes consumption
volatility and is not preferred under a no resource windfall either, since consumption tax
becomes the only source for financing fiscal expenditures within this model. To conclude,
resource-rich low-income countries can significantly gain from their commodity blessing

by prudent public investment policy.
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3.7 Appendix
3.7.1 Table of parameters

Parameter Definition

£ = 0.909 discount factor

o=2 inverse of intertemporal elasticity of substitution for consumption
=10 inverse of Frisch elasticity of labor supply

0 =0.5 home-bias in private consumption

v=20.6 home-bias in government purchases

vy = 0.5 home-bias in government purchases above the initial steady state
x =0.44 elasticity of substitution between 7" and N goods
p=1 elasticity of substitution between two types of labor
al =0.65 labor income share in traded sector

a =0.45 labor income share in non-traded sector

a® =0.1 output elasticity of public capital

a®=10.9 resource capital income share

d,p,r =0.1 learning-by-doing externalities

k!, kN =25 investment adjustment cost in 7" and N sectors

6T, 6N 59.6° = 0.1 depreciation rates for K7, KN, K¢, and K°

e=0.7 public investment efficiency

1V = 0.4 share of resource dividends accrued to the government
7¢=0.18 consumption tax rate

1 =0.08 labor tax rate

7% = 0.58 resource royalty rate

r* =0.027 real interest rate of SWF

b=0.1,0.2,0.3 tightness of absorptive capacity constraints

¢ = 0.0065 constant share of resource revenues in external savings
prpr = 0.8 persistence of FDI process

orpr = 6.26 standard deviation of FDI shock

Psws = 0.956 AR(1) coefficient in SWF process

# = 57.2% consumption in percent of GDP

% = 28.6% consumption of traded goods in percent of GDP

aop = 1% investment in percent of GDP

% =9% resource output in percent of GDP

# = 13.3% public consumption in percent of GDP

% = 6.8% public investment in percent of GDP

GGTfP = 8.04% government purchases of traded goods in percent of GDP
% =21.6% exports in percent of GDP

=5p = 11.6% public debt in percent of GDP

G”]gi,* = 1% SWF in percent of GDP
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