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Abstract

he world economy has experienced a bulk of positive and negative shocks in

crude oil prices and exchange rates over the years, and that global inflation
has undergone some changes. Such shocks have affected the macroeconomic
variables in the countries of the world and have challenged the economies of these
countries, and have led them to take different measures to protect themselves
against the devastative effects of these shocks. Accordingly, the main objective
of the current study was to analyze the dynamic effects of three external shocks
(global oil price shock, euro / dollar exchange rate shock and global inflation
shock) as well as to investigate the appropriate monetary policy strategy for the
Iranian economy, given the structural characteristics and patterns of external
shocks. In so doing, we analyzed the responses of external responses to external
shocks according to alternative monetary rules, including Headline Inflation
Targeting (IT), Core Inflation Targeting (CIT), and Exchange Rate (ER) rule.
Therefore, in this research, the goal was to determine the monetary policy rule to
minimize both macroeconomic fluctuations and keep inflation at a low level.
Furthermore, we strived to answer the question that whether the inflation criterion
in Iran should be headline inflation, core inflation or exchange rate. To answer
this question, using the DYNARE software, we estimated a multiplicative New
Keynesian Dynamic Stochastic General Equilibrium model based on the
characteristics of Iranian economy. Our primary finding showed that core
inflation rule was the best monetary rule for stabilizing both macroeconomics and
inflation.
Keywords: Monetary Policy, Core Inflation, DSGE Model.
JEL Classification: E52, E31, D58.

1. Introduction
The formulation of socio-economic development programs and the
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establishment of the country's annual budgets and the design of
appropriate policies for maintaining economic stability and equilibrium
requires the identification, examination, and accurate prediction of the
impact and volatility of oil price, exchange rate, and global inflation on
macroeconomic variables, so that planners can adopt the right policies in
the event of oil and exchange fluctuations as well as global inflation, and
reduce its impact on macro variables to the minimum. Therefore, the
argumentation of the impact of various shocks on Iran's macroeconomic
variables, as an oil-rich country and an oil exporter, seems quintessential.
Therefore, economic policymakers have sought to find the best monetary
policy model that, in addition to stabilizing macroeconomic variables,
could reach inflation rate to its lowest level.

In this paper, we focused our attention on lIran as a small open
economy, which exports oil and estimated a Dynamic Stochastic General
Equilibrium (DSGE) model with a new Keynesian approach for Iran's
economy through which we investigated the dynamic effects of three
external shocks (oil prices, exchange rates, and foreign inflation) and
tested the appropriate monetary policy rule. To do this, we developed a
multi dynamic stochastic general equilibrium (MDSGE) model with real
and nominal inflexibility. The goal was to firstly compare the importance
of each shock as a source of fluctuations in Iran's economy and, secondly,
to define an appropriate monetary rule that protects the economy against
the effects of these shocks.

Our model has many different aspects compared to the previous
ones. First, given that in different oil exporting countries, the
government aims to keep oil prices constant, we assume that the
domestic price of oil is defined by a convex combination of the current
world price in terms of local currency and the last domestic periodic
price. This law allows us to replicate the subsidy of oil prices, which is
a common practice in Iran. Second, in our model, there are two
exchange rates: the real exchange rates of the US dollar / Iranian Rial
and the Euro / US dollar. The former exchange rate is an export
currency, and the latter represents a part of the import currency. Third,
for some reasons, our model is a small open export economy model: (1)
It is a multi DSGE model with an oil sector; (2) oil resources are used
in the oil company's production function; (3) the price of oil is
subsidized. In addition to these features, prices are sticky in non-oil and
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imported sectors; this allows monetary policy to play a role in our
model. In fact, this assumption is very important for examining the role
of monetary policy in a DSGE model. We have considered three
alternative monetary policy principles: a fixed exchange rate rule, an
inflation targeting rule, as well as a core inflation targeting rule. We
adopted these rules for two main reasons: (1) they describe the
implementation of monetary policy in a large number of emerging
market economies; and (2) in the oil export economy, the presence of a
petroleum component in the CPI inflation index raises the question of
whether the inflation criterion in Iran should be headline or core. In
other words, is monetary policy in Iran reacting to headline inflation or
to core inflation?

The rest of the article is organized as follows: in Section 2, the
related literature and studies in this regard are reviewed. In Section 3,
the details of the model is scrutinized. Section 4 discusses calibration
parameters, data, and priorities. Section 5 presents the estimation
results. Section 6 measures the effect of external shocks under the rules
of alternative monetary policy. Furthermore, Section 7 deals with the
conclusions.

2. Review of the Related Literature

2.1 New Keynesian Model

The new Keynesian term was first introduced in 1982 in the book
Macro economy by Bade and Parkin (1982). The new Keynesian macro
economy is the modern school of thought, developed on the Keynesian
idea, and is, in fact, a response to the critique of the new classics. In
fact, new Keynesian is not a new reinterpretation of Keynes's theory,
but rather a new embodiment of the idea that it uses some of the key
elements of new and monetarist classics, and this is to a degree that
Mankiw believes that new Keynesian macroeconomics is a kind of new
monetarism school.

The initial and important difference between the new classical
school and the new Keynesian school lies in the moderation rate of
wage and prices; the new classical theory is based on the flexibility of
wages and prices, so that prices are quickly adjusted in order to meet
the market clearing price But on the opposite side, new Keynesian
economists believe that market-based patterns cannot explain short-
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term economic fluctuations, and thus develop patterns that are along
with wage and price stickiness. Based on wage and price stickiness, the
new Keynesian theory seeks to answer the question of, firstly, why there
is unemployment, and secondly, why monetary policy has real effects
on the level of economic activity.

In the 1990s, the controversy between the new classics and new
Keynesian highlighted the need for a new mix of economists to identify
the best way to explain short-term economic fluctuations as well as the
role of monetary and financial policies. The purpose of this combination
was to combine the strengths of rival theories in order to identify a
coherent process and structure for a better analysis of economic
fluctuations. This integration was developed in such a way that the new
classical model, tools for modeling the behavior of households and
enterprises over time, was based on the optimization of their target
function, and the new Keynesian model assumed that the wage was
sticky to show why monetary policy has an impact on employment and
production in the short term. The most common way of modeling this
assumption is to consider enterprises in a monopolistic competition
structure, in which both the enterprises have the ability to determine
prices, and because of the existence of competitive space, price changes
will occur periodically.

The main focus of this new integration is based on the idea that
economy is a dynamic general equilibrium system which, in the short
term, has deviated from the level of resource allocation for some reason,
such as price stickiness and some market imperfections. This feature
provides a good place to analyze monetary and financial policy.

2.2 Theoretical Fundamentals of the New Keynesian Model
As noted in the previous section, in the new integrative approach,
economy is assumed a dynamic stochastic general equilibrium system,
which is associated with nominal adhesions such as price stickiness. In
a dynamic stochastic general equilibrium system, segregation of
economic sectors is possible in two ways:

In the first place, the government and its related variables do not play
a role in determining the equilibrium and time path of major economic
variables. In this case, the economic pattern includes the household and
enterprise sectors. The real business cycle theory of the new classics is
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among this type of modeling, in which the government does not have
any role an economic balance.

In the second case, taking into account the role of the government in
reallocating resources and its effects on economic dynamics, the model
consists of three sections of the household, enterprise, and economic
transition that usually involves the government and the central bank.
The new Keynesian method falls into this category because, despite the
assumption of price stickiness and market failure, monetary and fiscal
policies have the potential to affect the real economic equilibrium (at
least in the short term).

Another distinction between the first and second modes is that the
new classical model is a non-money economy, in which the exchange
of goods and services is carried out without any intermediary (money),
and there is no asset called money. However, in the analysis of the new
Keynesians, which have a role for the government, the need for money
in the model is necessary. In terms of money in the new Keynesian
general equilibrium models, there are three general methods:

1. In the first mode, households are assumed to be desirable to
maintain a real cash balance (Sidrauski, 1967). This method is known
as money in utility function.

2- In the second case, money can be put into modeling in the form
of speculative demand for money. Hence, one can do this in three
methods:

- The first method is the concept of cash-in-advanced constraint,
which was first introduced by Clower (1967). In this method, the
role of money is defined as the intermediary of the exchange used
for the purchase of consumer goods. In fact, in addition to budget
constraints, the household will face a liquidity constraint, so that
household expenditures should not exceed the level of money
balance.

- Real resource costs: According to Brock (1974) and Brock and
Lebaron (1990), transaction costs are assumed to be in the form of
real resources consumed in conversion process. Specifically, an
increase in the volume of traded goods will increase transaction
costs, while a real monetary balance will further reduce costs. In
this case, the household budget constraint is adjusted to include
the transaction cost function.



1062/ The Effect of Exchange Rate, Oil Prices and Global ...

- Search theory and money as a medium of exchange: In this
approach, the natural nature of money is introduced into modeling
as a medium of exchange; for example, in Kiytaki and Wright
(1993) model, exchange of goods is possible, but finding a product
that makes the exchange possible is costly; however, the existence
of an unpaid money can make the exchange possible (Tavakolyan,
2017).

According to the above, a random dynamic stochastic general
equilibrium model based on the new Keynesian approach consists of
three parts of the household, enterprise, and economic transition policy.
According to the study and modeling, each of these three sections can
include the various subdivisions. They will be referred to in the next
section.

2.3 Previous Studies

Today, many central banks have introduced their monetary models in
the form of DSGE models used in the New Keynesian School. For
example, the central banks of England (Harrison et al., 2005), Canada
(Murchison and Rennison, 2006), and even Chile and Peru (Castillo et
al., 2008) use these models in their analysis and explain the behavior of
their economies, and the effect of different policies is increasingly being
examined in the form of DSGE models.

In the context of the research, there is a dearth of domestic research
on the effects of external shocks on macroeconomic variables under
alternative monetary policy rules. However, Faraji and Afshari (2014),
in a nearly similar research, investigated the impact of oil prices and
monetary policies in Iran with the new Keynesian approach. In their
study, aiming at identifying an optimal monetary policy in the face of
oil price shocks, a multi random dynamic equilibrium model
emphasizing the optimization of the oil sector was addressed. In their
paper, using the Bayesian approach, the impact of various monetary
policy rules was examined.

Also, in foreign countries, Allegret and Benkhodja (2015), Deverux
et al. (2006), Madina and Soto (2005), and Leduc and Sill (2004)
developed DSGE models to study macroeconomic concepts of
alternative monetary policy rules after external shocks for a small open
economy.



Iran. Econ. Rev. Vol. 23, No.4, 2019 /1063

3. The Model

The main framework of the DSGE model in this study inspired from
the papers by Allegret and Benkhodja (2015), Ireland (2004), Dib et
al. (2003), Leduc & Sill (2004), Medina & Soto (2006), Walsh (2003)
as well as from some of the domestic articles such as Faraji and Afshari
(2014) referred to in the literature review.

In this section, we simulate an oil export economy based on the
characteristics of the Iranian economy. To do this, we assume that seven
actors surround economy: domestic residents, oil companies, non-oil
producers, imports of foreign intermediate goods, final goods
producers, central banks, and government.

3.1 Households
Households gain utility from Ct and leisure (1-ht). Household
preference is described by the following utility function:

E, > AU(c.h), 1)

Where P represents the internal degradation factor (0 <B <1). We
assume that u (.) is the momentary utility function, and is determined
by the following equation:

u()=She

:1—'y l+G’ (2)

where the preferential parameters y and o are strongl dfui

y positive. The first parameter, vy, is the inverse of inter-temporal
substitution elasticity of consumption and second parameter, o,
represents the inverse of the labor supply wage elasticity. The utility
function of the unit, u (.), is shown to be very concave, which strongly
increases in Ct and decreases strongly in ht. We also assume that ht is
defined by Cobb-Douglas technology as follows:

ht = h§?° h:c;"tb ' ©)
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Finally, households accumulate shares of ko, t and kno, t, which are
used in oil and non-oil sectors for nominal leases Qo, t and Qno, t.
Evolution of equity shares in each sector is equal to:

Kjea = (- 5)k“+l ‘P(kjm,k“)forj 0,No @

Where 9 is the standardized depreciation rate for all sectors (0 <6 <1)
and ¥_ (j, t) W¥je(Kkjee1,K;e), the adjusted capital cost paid by the
household and meets ;'(.) < 0 and y;(0) = 0,ys;. The functional
form ¥ _j (.)is as follows according to the study by Ireland (2003):

()

for j=0, no

The presence of investment adjustment cost shows that, outside of a
steady state, the newly established capital price is different from the
price of capital goods. In other words, Tobin’s Q is different from one
(1). This form allows the total and final adjustment costs in a constant
equilibrium equals zero. The cost and income presented above will
result in the household budget being as follows:

Pt(ct+|)+?+ t‘ftkt <B!, +e&BL + 2 Q .k, +(1-@) 2 W, hy, +D,,
t j=0,no j=o,no

for j=0,no

(6)

where Py = Py tigr + Pootinot IS the total investment in oil and non-oil
sectors, respectively, and Pt is the consumption price index CPI)
defined as follows: According to the initial value, the factor of the
internal inhabitants {c, Kot+1, Kno+1BE and Bf} to maximize the
lifetime utility function, according to the capital accumulation equation,
chooses the budget constraints and limits without playing Ponzi. The
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solution leads to the following first order conditions:

A =c" (7)

_hr ®)

2
k' + k + Vi k +
B Ao w{k“ 2 —1] k” 2—2'( " 1—1J 0y +1-8

jt+l jot+1 jit

A= K
v, (“1 - 1} +1
] kj,t
9)
A=, [EJR“ (10)
Tt
ﬂ‘tStEt 21 1st lEt 1
- = 11
Rtf K, & ”t:—l D
Qjt Pey1 _f PL., P = P
= = St = erp and E; = Et? represent
t t

Qjt = P_;'T[t+1 = M1 = T

the real return of capital in each sector, CPI inflation, The world
inflation rate is the real exchange rate of the Iranian dollar/rial and the
real exchange rate of the euro / dollar, and Pf s Pf represent the external
GDP moderator expressed in US dollars and euros. Also, At represents
the coefficient of budget multiplication in relation to the budget
constraint. By combining equations (11) and (12), we obtain equation
(13), which indicates UIP:

Rt St+1E‘t+1ﬂ-t+1 (12)

f - 1
Rk, St Ty

Finally, note that the variables R «rtf s &, respectively represent the
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external interest rate, the global inflation rate and the euro/dollar
exchange rate, which is exogenous according to the AR (1) process,
which is deduced follows:

log(R")=(1- 3 Jlog(R")+ py og(R', )+ £,
(13)

|Og(7z'tf ): (1— P )|Og(7z'f )+ P |Og(ﬂtil)+ £, (14)

log(& )= (L- p. log(&) + p. log(&,) + &
(15)

Where Rf, nf and £ represent the stable status values Rfand mfand &, <
PRrf 5 Pof 3 Pg are auto-correlation coefficients and epr, <& 5 € are
unbounded and have a normal distribution with mean zero and standard
deviations 6Ogt 5 O 5 OF.

3.2 Oil Sector
To model the oil production, assume that the oil company is in full
competition and that the oil is exported with the international price P{
per dollar.

To maximize profit, Companies should solve the following
maximization problem:

max [etPOtY — Qg Ko =W, K Ot]'

otNot

ko,t ’ho,l 'OI (16)

Where etPOf,tYO,t is the income of the oil producer in terms of domestic
currency. To solve equation (17), companies must examine their
function according to Cobb-Douglas technology as follows:

Yo <A, Kot O
(17)
Where oy, Bo, 00€(0,1) anda, + o + 6, = 1. These coefficients
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represent, respectively, the capital share, k,, labor, h,, and the oil
source, Ot, for oil production.

Thus, with respect to ee; ‘P({ t Qo Wy and Py, the oil producing
company, selects {ko,t, ho e Ot} to maximize equation (17) according to
equation (18).

First order conditions include:

o,t

k (18)

o,t

f
qo,t = aostpo,t

Y
Wot :Bostpgt =
: Tk (19)

o,t

o,t

o, (20)

t

Po. = 6,5,

h _ Qo _ Wor ¢ _ Phy _ Por th | ret
Wnere qor = P—t, Wot = P_t'po’t = P—t, Pot = P_t are tne real return

on capital, real wages, real oil prices and the actual price of the oil
source. Equations (19) to (21) represent the demand for kg, hy  and
0, respectively.

Finally, the changes in the external oil price, P({t, oil source, O, and

technology shock, and A, are determined by the following random
process:

Iog(Poft)z (1— Pes )Iog(Pof )+ Py Iog(Poft_l)Jr Eoi o
(21)

log(A,, )= (L=, Jlog(A,)+ oy, T0g(A, 1)+ 25, 22)

3.3 Non-oil Sector

In this section, we assume that non-oil producers operate under
monopoly competition conditions. Based on this hypothesis, it is
assumed that there is a chain of companies indexed by ie (0,1). Each
company produces i non-oil goods using the following production
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function:

Yoo (D)= Ao ks Dz (Yo' ™ (i), (23)
Where Kpg . hno e @nd YY4 (i) are used by companies to produce non-

oil products. A, ¢ is a non-oil technology shock. This shock follows the
random process given below:

Iog(Aw,t ) = (1_ P, )Iog(Awo) +Pn, Iog(Amo,t—l)"' Ep it (24)

Also, a0, Bnos Ono€(0,1) and oo + Bno + Ono = 1. These
coefficients represent the capital share, <k, labor, hyo, and refined
oil, and Y (i), and are used as inputs in the production of non-oil
products.

According to the time-dependent stochastic rule, each manufacturer
has a constant probability of price change in each period. This

probability is determined by the relation (1-¢no). Therefore, on average,
1

the price of non-oil products for the period remains unchanged.

1-dno
As in the research (lon, 1996), we assume that if non-oil product
manufacturers are not able to change their price, they will index them
for the CPI inflation rate according to the following rule:

Pno,t = TTPpo.t-1

where T is the average long-term gross inflation rate. The problem of
maximizing the non-oil company can be written as follows:

max €3 [(Bha) A Do s 0P

kno,t (i), hno,t (i), Pno,t (i

(25)

The first-order conditions (derivation) of the maximization problem
include

(26)
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<

roa i)

~mc

not?

kno,t (I) (27)

Ynovt (I)
* Y. (i)

qno,t =0Uy,

po,t = e ano,t' (28)

w MC P
where qg¢ = %, Wnot = PL‘“, MCpop = P“‘)'t,pO,t = PL‘ are the real
t t t t

return on capital, real wage, real final cost, and the real price of
domestic oil. The real final cost, mc,,¢, can be obtained by replacing
the obtained equations (28) - (30) in equation (25):

%no Bro Ono
_ qno,t Wno,t po,t

no,t a“no Bro eeno
no no no

mc (29)

The optimal pricing condition is obtained using the maximization
equation (26):
9 EOZ(B(PHO )S 7\’t+sYno,t+sp§0,t+s ano,t+anisSTc?+k
r)no,t(i :( j = S —

8 _1 EO ZQO: (B(Pno )S }\‘HsYno,Hspgo‘Hs H nS(lis)ni:li (30)
s=0

k=1

3.4 Import Sector

The final product manufacturer, for its manufacturing needs, uses
imported combined goods, Y;;, purchased on an internal competitive
domestic market. To produce Y;, the company uses distinct products,
Y; (i), produced by a chain of domestic importers, represented by ie
(0,1) and one homogeneous intermediate goods produced abroad and
imported at world prices Pf. Part of these imported goods is p, in euro,
while the other part (1-p) is calculated in dollars. Distinct products are
sold at prices Pj¢(i), which have been shown to be sticky in research
(Calove, 1983) and (lon, 1996). Therefore, the importer faces a constant
probability in each period (1-¢i), which changes its price, as in the
research (Calove, 1983). According to lon study (1996), we assume that
if the importer is not able to change its price, it will index them for a
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stable CPI inflation rate.

The importer's maximization problem can be written as follows:

g]% Eo i(ﬂ¢l )S ins (ﬂ's I’5| t (i)_ €iss (/u + (1_ /u)ét )Ptis )YI t+s (i )’ (31)

The nominal price index of total imports is evolving according to the
following recursive form:

(P| t )1_9 = ¢| (ﬂpl ,t—1)1_3 + (1_ ¢| )(ISnT,t )1_8 (32)

The division of equation (39) by Pt leads to the real price index of
the following imports:

(b J" =4, (n p;z“ jl_g +1-4)p, )

t (33)
3.5 Final Goods Producer

Assume that the final goods producer is operating under the full
competition market and uses CES technology, which includes non-oil
product, Ynot, which is manufactured in the country as well as imported
goods Yt

1 1 -1
Zo=| XYoo t XY, 7 ' (34)

Where ™ 0 represents the substitution elasticity between non-oil
product and imported goods, and Xno and x; represent the share of non-
oil and imported products, respectively in the final product, where
Xno + X1 = 1. To maximize its profit, the final goods producer chooses
the final product {Y;, Yno,t}-

By solving this problem, the following demand functions are
obtained:
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P - P -t
Ylvt =9, [#j z, and Yno,t = Xno( ;,t} z,

t

(35)
Where Pt, PI, t and Pno,t are defined. Also note that the zero benefit

condition implies that the price of the final product is equal to:
1

R =[Pl + 2Pl I (36)

Finally, it should be noted that the final product is divided between
total consumption and total investment so that: z; = ¢ + gt + ipot-

3.6 Monetary Policy

In this research, we assume that the central bank modifies short-term
nominal interest rates, R, in response to the fluctuation of inflation rate
in the non-oil commodity sector (core inflation), m,,., CPI inflation
(headline inflation), and exchange rate , S;, given the Taylor type
monetary policy rule and according to the study by Faraji and Afshari
(93), as follows:

1+Rt/1+R*

_(1+Rt1

RCRIRRA T e i

1+ R - =
@37)
The policy coefficients p,__, uy and ugsmeasure the central bank's
response to the deviations m,, ., m:and s from the stable state levels.
When the central bank adopts a CPI inflation targeting system (IT
rule), ur,, = He = 0and p,; — oo. In this case, the central bank reacts
only to the movement of inflation. When p; = pe = 0and p - o,
the central bank controls the inflation rate in the non-oil commodity
segment (CIT rule). Finally, when p, = p, = 0and p, — o, the

central bank targets the nominal exchange rate strictly (ER rule). The
serial shock of the unmatched monetary policy, €r, IS normally
distributed with mean zero and standard deviations oRr.

3.7 Government
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In an oil export economy, according to the study by Bouakez and his
colleagues in 2008 and Benkhodja in 2015, and according to a study by
Faraji and Afshari in 1993, domestic refined petroleum is sold to non-
oil companies at a price of P, , which can be considered as an internal
price of fuel. It is assumed that the government will allocate subsidies.
For this purpose, the domestic price of oil, P, is determined by a
congruent combination of the current world price, P{,, expressed in
terms of local currency and the domestic price of the last period, and
from the following functional form:

Po,t = (1_V)R3,t—l +Ve(§t Po,ft’ (38)

where ve (0, 1) and Pof,t represent the global oil price, which is
determined on the world market and is allocated in foreign currency.

By following oil price rule, when v = 1, there is no subsidy, and the
global oil price is imposed in full. However, when v = 0, it means that
the domestic price of the oil is completely subsidized and there is no
imposition. Therefore, all domestic companies purchase oil at a price of
Py ¢

Ultimately, the government's budget constraint is equal to:

w sz,thj,t + St pof,tYO,t = (StEt pof,t - po,t )YOI,t + Wo,tho,t + qo,tko,t’
j=0,T,nT (39)

The left side of the equation represents the government’s revenue,
which includes the total tax, m, and the proceeds from the sale of oil
(Stp(f),tYo,t)-

The right side of the equation also represents government expenditures,
which include payroll and return on capital (w,thot + qo ko) in the oil
sector and the amount of oil subsidy (s.Zpf ; — po,c) Yo -

8. Aggregation and Equilibrium
In a symmetric equilibrium, all importers and non-oil product
manufacturers make the same decision:
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Yno,t(i) = Yno,t: Yé,t(i) = Yé,tv ﬁno,t(i) = f)no,t' YI,t(i) = YI,t' ﬁl,t(i) = f)l,t

and
Yt = pno,tYnVcit +5 pof,tYo,t’ (40)

Where Y, and Yy are the total gross domestic product and output value
of non-oil products. The variable Y5 is developed by subtracting the
input of the oil:

Yo

va f
Y = Yno,t - St po,t )

no,t

ot (41)

By combining household budget constraints, the unitary functions of
non-oil commodity producers and foreign importers, and the first-order
condition of the three segments and the use of market conditions, lead
to the following current account equation:

f f

kbt P bt_}l + pof,tYo,t /Et B pof,tYoI,t _(,U + (1_ IU)Et )Yl t /E‘t'
R (42)

3.9 Optimization of Equations in the Form of Log - linear

In symmetric equilibrium, it is assumed that all importers and
enterprises producing non-oil goods are identical and therefore make
the same decisions. After considering the symmetry assumption, the
next step is to obtain the stable condition of the variables and rewrite
the equations in this state, and then the linear logarithm of equilibrium
equations. The linear logarithm form of the equilibrium equations is
given in the appendix.

4. Data and Calibration of Model Parameters

One of the problems with using dynamic stochastic general equilibrium
models is to parameterize those using economic statistics. There are two
methods of initializing and estimating to parameterize, in which
estimation itself can be performed using generalized torque, maximum
exponentiation, or Bayesian methods. In many countries, due to
extensive studies on the application of dynamic stochastic general
equilibrium models, researchers often place the values of the parameters



1074/ The Effect of Exchange Rate, Oil Prices and Global ...

in their model, without worrying about the accuracy of data and
information, from other researchers' findings. Given that a bulk of studies
have been carried out in Iran in recent years using these models, we use
this method given the studies in this regard. It is worth mentioning that
in the present study, seasonal data from 1990 to 2014, which have been
de-processed using the Hoodric Prescot filter, have been used to calculate
the steady values of some variables in the equilibrium state. For the
valuation of other parameters, as mentioned, the findings of previous
studies have been used. Table 1 lists the calibrated parameters. These
parameters are calibrated in a way that reflects the characteristics of Iran's
economy in the period under review, and maximizes the correlation
between the predicted moments of the model and the actual sample
moments.

Table 1: Parameters and Calibrated Proportions of the Model
Description Parameter Value Source

Subjective discount rate B 0.975 Jalali and Naderian (2011)

Inverse of intra-temporal

substitution elasticity of Y 1.57 Tavakolyan (2012)
consumption
(o)
Inverse of wage elasticity from c 2.17 Tavakolyan (2012)
labor
O capital depreciation rate ) 0.042  Faraji and Afshari (2014)

The ration of the stability of

capital in non-oil sector to total @ 0.81 Research calculations
capital stock k
The ration of the stability of c
consumption to gross domestic - 0.49 Research calculations
product y
The ration of the stability of I
investment to gross domestic - 0.28 Research calculations
product y

The ration of the stability of g
government expenditure to gross = 0.19 Research calculations
domestic product y
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Description Parameter Value Source
. - f
The ration of the Stat.)'“ty of PoYo 0.26 Research calculations
capital to gross domestic product y
The ration of the stability of )
imports to gross domestic sp{, Vo — SYi 0.22 Research calculations
product y

The ration of the stability of
imports of oil to government
expenditure g

Source: Research calculations

£
S5PoYo 05 Research calculations

5. The Effect of External Shocks on Macroeconomic Variables
Given the major importance of external shocks for Iran's economy, the
instantaneous response functions of the base model focus on them
(Figure a 1, 2, and 3). In general, the cumulative macroeconomic
responses are consistent with the structural characteristics of the Iranian
economy. In addition, as our variables return after a relatively fast shock
to a stable state, our model persists. Our analysis focuses on
simultaneous responses to shock.

As expected, GDP, non-oil production will increase after a positive
shock to oil prices. This response is consistent with the sensitivity of
the economy to the oil sector. Negative response to oil production may
depend on various factors. For this reason, the interpretation of the
response is a difficult task. On the one hand, it may depend on the
authorities' desire to limit oil supplies to maximize oil profits. On the
other hand, as an OPEC member, Iran cannot freely adjust its oil supply
in light of oil price changes. As a result, at least in the short term, oil
production may be inextricably linked to price fluctuations. The shock
of the oil price suggests a positive effect for consumers. Given the fact
that officials are somewhat subsidizing domestic petroleum products,
rising oil prices have little impact on consumer purchasing power.
Sticky prices explain the immediate response to inflation due to the
presence of subsidies and command prices. After the oil shock, the
response is positive for both headline and core inflations. There is also
a negative response to inflation in the import sector and the real
exchange rate against the global oil price shock.

The exchange rate shock has a significant effect on domestic
macroeconomic variables. We observe that gross domestic product and
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positive investment and non-oil production show a negative response to
the depreciation of the euro against the dollar. Because the price of oil
is expressed in dollars, the very high contribution of the oil sector to the
GDP of Iran explains its positive response. The exchange rate shock is
positive equivalent to a fortune. Increasing oil revenues, in turn, leads
to an increase in non-oil production. Indeed, the non-oil sector is
affected by the exchange rate shock through a policy of financial
expenditures that is dependent on oil revenues. In other words, the
volatility of the non-oil sector is significantly related to fluctuations in
the oil sector. The exchange rate shock leads to a reduction in imported
inflation, which in turn causes a negative response to headline and core
inflation. As expected, consumption due to the shock of the exchange
rate increases with respect to the positive effect of wealth. The real
exchange rate is reduced due to the impact of the shock, but this is a
short-term response. In the case of external shock, it should also be
noted that this shock tends to exert a weak influence on domestic
variables. This weak influence is based on the relatively low level of
Iranian financial freedom.

]
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Figure 1: Impulse Response Functions of Consumption, Investment and
Exchange Rate against Simultaneous Shocks
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Figure 2: Impulse Response Functions of GDP Production, Oil Production and
Non-oil Production against Simultaneous Shocks
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Figure 3: Impulse Response Functions of Headline Inflation, Core Inflation
and Imported Inflation, against Simultaneous Shocks

6. The Effect of External Shocks under Alternative Monetary
Policy Rules

Forms B-1 to B-3 show our domestic macroeconomic responses to three
shocks: oil prices, euro/dollar exchange rates and foreign inflation. We
present the results for the base model and the three monetary policy
principles, which include inflation targeting rule (IT rule), core inflation
targeting rule (CIT rule), and exchange rate rule (ER rule). The
importance of any monetary policy is deduced from the gap in the
responses of our chosen variables in each form. When we consider the
main shocks that are entering the country, the goal is to establish a
monetary policy rule that minimizes both macroeconomic fluctuations
and low inflation.

6.1 Effects of an Oil Shock

To analyze the effects of oil price shock, we differentiate the responses
of real macroeconomic variables and inflation according to the
alternative monetary policy rules. As shown in Figure B-1, the results
of the real variables indicate that the alternative monetary policy rules
provide better results than the base model. The base model and, in some
cases, the exchange rate tend to go along with significant short-term
fluctuations. There is also the worst response to the inflation rate for
this shock, based on the base model. This indicates that the current
monetary policy pursued by the central bank is not desirable to respond
to oil price shocks. Both investment and consumption show weaker
concurrent responses under the heading inflation targeting and headline
inflation and we are faced with a significant response and fluctuation in
terms of consumption, under the base currency model, and also there is
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no significant difference for investment and GDP between the two
inflation bases. However, we should take into consideration that
immediate responses to the best policy rule for shocks influencing the
economy are just one aspect of the matter, and the analysis of
adjustments is also on the other side. Adjustment refers to the speed at
which a particular variable returns to its sustainable level. Based on the
base model and the exchange rate, real variables follow an unstable
adjustment process. More precisely, our results show that short-run
fluctuations are significant in these two scenarios, but the inflation-
targeting rule and the core inflation-targeting rule did not significantly
differentiate the process. Headline inflation and core inflation yield
more combined results. In the case of shock effect, the maximum
response to total inflation is obtained with the base model, while the
core inflation-targeting rule and the initial response headline inflation
are approximately equal to this shock, but the speed of modulation
toward stability in core inflation is better. Therefore, our results indicate
that the core inflation-targeting rule has little advantage over the
inflation-targeting rule. Our results are in line with recent studies on
monetary policy in small open economy (Paradou (2004); Madina and
Soto (2005); and Dawen and Jesske (2007)).

GDP Investment Core inflation

REEE

Consumption Headline inflation Real exchange rate

form of Alternative Monetary Policy

6.2 Effects of EUR/USD Exchange Rate Shock
As seen in Figure B-2, both the base model and the exchange rate rule



Iran. Econ. Rev. Vol. 23, No.4, 2019 /1079

result in higher macroeconomic fluctuations than the other two. More
precisely, real variables such as gross domestic product, consumption,
investment, have more short-term response at the base of the exchange
rate than core inflation targeting and headline inflation targeting. On the
other hand, the two headline inflation and core inflation rules keep
inflation at a very low level. In the comparison of core and headline
inflation in response to the exchange rate shock, it should be said that the
core inflation rate, in part, causes less fluctuations in macroeconomic
variables compared to headline inflation. In addition, the results indicate
that the central bank, if targeting the exchange rate rule, in response to
this shock, faces many fluctuations in macroeconomic variables.
However, the exchange rate rule is particularly effective in stabilizing the
real exchange rate after a shock. However, when evaluating the agreeing
and opposing reasons for alternative monetary rules, the effect should not
be considered much for two major reasons: First, as shown in the figure,
the real exchange rate response is short-term at any monetary rule.
Second, as emphasized, the foreign exchange market of Iran is very small
and the central bank is the only foreign exchange provider.

GDP Investment Core inflation

asom

200005
ago |
100E.05
500006 93001 1
LLER
500606
-ag001

100605

150695

00002 |~
200005

250645 oo

Consumption Real exchange rate

0,008 150E05 040018

000016
001
o002

S06E.0 +

Lo 05

15 os

s

i
-oom2 25605 000002

Figure 5: The Global Exchange Rate Shock on Macro Variables in the Form of
Alternative Monetary Policy

6.3 Effects of Foreign Inflation Shock

Responses and modifications of our variables indicate a very weak
response of macroeconomic variables in targeting core inflation and
two other rules (as we have already stated, this weak influence is based
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on a relatively moderate level of Iran's financial freedom). In fact, in
the case of an external shock, the response of many of the variables
selected for the CIT rule to the two other monetary policy rules, namely,
IT and ER rules, is negligible and ignored.
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Figure 6: Impact of Global Inflation Shock on Macro Variables in the Form
of Alternative Monetary Policy

7. Conclusions

In this paper, we propose a multidimensional DSGE model for an oil
export economy based on the characteristics of Iran's economy. By
developing a three-part model, we compared the response of selected
variables to external shocks and evaluated the three alternative
monetary policy rules for the Iranian economy. We strived to clarify the
following question: Given the vulnerability of the oil export economy
to foreign shocks, what is the proper monetary policy rule for the
Iranian economy? In the first step, we analyzed our results from the
base model by focusing on the impulse response functions. In the
second step, we compared the various monetary rules. Our main
findings showed that, from the first quarter of the year 1990 to the
fourth quarter of 2014, the core inflation rule was the best monetary rule
for stability in both macro variables and inflation. In other words, the
current monetary policy-based on our base model-pursued by the
Central Bank of Iran is not suitable for dealing with oil shocks and other
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shocks. It is suggested that Iran should adopt its monetary policy in
order to adopt framework for core inflation targeting. This means that
prerequisites such as the independence of the central bank must be
realized. In this regard, Iran has been lagging behind other middle-
income countries, especially the Middle East and North Africa, which
prevents the use of interest rates as the main tool of monetary policy.
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