Iranian Journal of Economic Studies, 9(1) 2020, 35-70

Iranian Journal of Economic Studies

— N —
Shiraz University

Journal homepage: ijes.shirazu.ac.ir

A DSGE Analysis of the Effects of Economic Sanctions: Evidence from

the Central Bank of Iran

Seyyed Reza Nakhli?, Monireh Rafat**, Rasul Bakhshi Dastjerdi®,

Meysam Rafei®

a. Department of Economics, University of Isfahan, Isfahan, Iran.
b. Department of Economics, Kharazmi University, Tehran, Iran.

Article History

Received date: 21 January 2020

Revised date: 09 June 2020

Accepted date: 19 October 2020
Available online: 20 October 2020

JEL Classification
E37
F51
Q34
E52

Keyword

Economic Sanctions
Optimal Simple Rule
CPI-PPI Inflation Targeting
DSGE Model

Calibration

Iran

Abstract

Since the nationalization of the oil industry, especially after the
1979 revolution, Iran has always encountered economic sanctions.
The oil embargo and international financial sanctions are the most
severe sanctions imposed on Iran and have had significant effects
on Iran’s macroeconomic variables. The current study aimed to
analyze the effects of economic sanctions on Iran’s
macroeconomic variables using a dynamic stochastic general
equilibrium (DSGE) model based on the new Keynesian
approach. The simulation results showed that the intensification
of the oil and international financial sanctions would 1) reduce
foreign and government investment, technology innovation,
export in the oil sector, and consequently oil production, 2) lead
to a higher exchange rate and a decrease in the ratio of the central
bank foreign exchange reserves to the monetary base, 3) reduce
the GDP and non-oil exports and increase the inflation, which may
cause stagflation, 4) increase household consumption and
decrease household investment, 5) increase budget deficit, forcing
the government to adopt policies to raise current expenditures and
maintain housing and urban development budget, which, in turn,
will lead to a budget deficit and bond sales. The analysis of
various optimal monetary policies in the context of economic
sanctions and considering the contingent business interruption
(CBI) loss function showed that the optimal simple rule, in the
form of the producer price index, targeting monetary policy, could
reduce the loss function and increase the importance value of
output coefficient in the monetary policy.

Highlights

. This is the first DSGE model in analyzing the effects of Iran's economic sanctions.
. DSGE model is designed by economic sanctions considering the oil and international financial

sanctions simultaneously.

. Three kinds of oil sanctions (export, technology, finance) are considered in the model.
. The new form of investment in the oil sector is applied in the model.
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1. Introduction

Economic sanctions are one of the most important means used to impose
pressure on some countries and their origin dates back to years even before the
birth of Christ (Peksen & Drury, 2010). After World War | and the approval of
the Covenant of the League of Nations, global convergence was achieved and
economic sanctions took international and multilateral formats to maintain
international peace and prevent war (Fashandi & Ghaderi, 2017). Since 1990,
after the development of public international law, the pattern of sanctions has
changed dramatically and the economic sanctions approved by the UN Charter
under chapter VII, especially articles 40 and 41, against countries threatening
international peace and security are considered “binding” for all the United
Nations Member States (De Wet, 2004). Since then, military action against
countries that threaten international peace and security has been replaced with
sanctions, hence the dramatic rise of sanctions as a more efficient and less costly
tool standing between military action and diplomacy (Tayebi & Sadeghi, 2017).

In recent decades, especially after the Islamic revolution of 1979 in Iran,
some regional unions, countries, and even international institutions have imposed
several sanctions on Iran to apply maximum pressure on it (Katzman, 2019b).
These sanctions have been aimed to create a global concession and use the
capacity of international organizations, such as international financial institutions,
to increase the intensity and scope of sanctions so that they can target the Iranian
economy main sectors, including the network of banks and its central bank, the
oil sector and oil trades, and foreign direct investment (Lohmann, 2016; Tayebi
& Sadeghi, 2017).

These sanctions have had severe negative impacts on Iran’s economy, which,
according to 2012-2013 economic sanction data (Central Bank of Iran, Time
Series Database), led to a 5.8% decline in GDP, a 40% rise in the consumer price
index (CPI), and a 300% rise in the nominal exchange rate.

Over the last 70 years, especially after the Islamic revolution and the US
withdrawal from the Joint Comprehensive Plan of Action (JCOPA), which was
signed by major international players and achieved after several years of
negotiation in August 2018, the possibility of the reimposition of previous
sanctions, even at a greater intensity than before, seems stronger than ever,
suggesting that the sanctions against Iran are strategic and strict (lanchovichina et
al., 2016) and that they may continue to be there for at least the near future
(Kozhanov, 2011). Thus, it is necessary to design a framework for analyzing the
impacts of economic sanctions so that the Iranian policy-makers can adopt the
most appropriate economic policies to counteract sanctions and reduce their
negative effects.

All of the studies conducted on the sanctions imposed on Iran can be
classified into three categories: 1) Some of these studies present a theoretical
explanation about the incentives, purposes, and fundamentals of the sanctions
(e.g., Katzman, 2019a; Zahrani & Dolatkhah, 2010; Hufbauer et al., 1997); 2)
some of them emphasize the economic strategies for economic prosperity in the
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post-sanction period (e.g., Mozafari, 2016); 3) a considerable number of studies
have focused on evaluating the economic effects of sanctions and their
effectiveness in reaching their goals using various quantitative methods (e.g.,
Rahmati et al., 2016; Dizaji & Farzanegan, 2019; Tayebi & Sadeghi, 2017). Since
the sanctions are stochastic and affect an array of variables of the Iranian
economy, it is necessary to design a stochastic and general equilibrium framework
to analyze the effects of economic sanctions on macro variables, including
different markets, sectors, and other important economic variables that are related
to each other in a network considering the dynamics and realities of the economy.
Thus, this study sought to develop a DSGE model for the simultaneous analysis
of the impacts of oil embargo and international financial sanctions on Iran. The
New Keynesian approach was also applied due to the lake of classical
assumptions, for example, rigidity, incomplete adjustment process, low speed of
adjustment, costs of adjustment, incomplete competition, involuntary
unemployment, etc. in the realities of the Iranian economy (Le et al. 2011). What
has been overlooked in research on sanctions imposed on Iran is how the adoption
of appropriate policies by policy-makers can reduce the negative effects of
economic sanctions. The Central Bank of Iran, as one of the main parties in policy-
making concerning the monetary market, can introduce certain monetary policies
to mitigate the effects of economic sanctions.

This article is organized as follows. Section 2 provides a review of the
literature. The model is presented in Section 3. In Section 4, the data is discussed
and the parameters are calibrated. Model fitness is evaluated in Section 5. Section
6 is devoted to the analysis of the consequences of sanction shocks, using impulse
response functions (IRFs), and the evaluation of various optimal monetary
policies under a condition characterized by sanctions. Finally, some concluding
remarks are offered in Section 7.

2. A Review of the Related Literature

Sanctions are generally referred to as tools used to bring about some changes
in the political attitudes and behavior of some countries (Eyler, 2007). Economic
sanctions are one of the most important and common types of sanctions aimed at
reducing the target country’s economic power and hampering its ability to provide
its own people with the main requirements (Peksen, 2009). Sanctions achieve
these goals by decreasing the target country’s production, devaluing its national
currency, and increasing unemployment, level of prices, government budget
deficit, and ultimately dissatisfaction among the people, leading to civil unrest in
the target country. Economic sanctions can be categorized into two groups: 1)
trade sanctions and 2) financial sanctions (Kittrie, 2008). Trade sanctions are
generally selective sanctions intended to restrict the trade (export or import) of
certain goods by the target countries. This is achieved by limiting the target
country’s access to the required import commodities or the foreign exchange
incomes earned through export, canceling trade contracts, imposing heavy tariffs,
cutting technical and technological assistance, prohibiting export from and import
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into the target country, and imposing penalties for any trade relations with the
target country (Yavari & Mohseni, 2011). Financial sanctions are often applied
with the aim of limiting the target country’s international financial relations with
other countries and its access to a variety of markets and international financial
resources, restricting its foreign investment, increasing its trade costs, and limiting
its access to and use of financial and foreign exchange resources (Tayebi &
Sadeghi, 2017). A variety of financial sanctions, such as restrictions on foreign
investment, bank transactions, the use of bank guarantees (BG) and letters of
credit (LC), access to the international insurance market, access to the foreign
exchange resource, and the use of international messaging services, can have more
powerful and far-reaching effects than just trade sanctions on the target country’s
economy (Caruso, 2003). Historical evidence shows that although economic
sanctions have rarely been successful in achieving their goals (about 34% at
maximum), financial sanctions have been more successful (about 41%) than the
trade sanctions (about 25%) in this regard (Hufbauer et al., 2009).

There has been a lot of research on oil and international financial sanctions,
which can be broadly divided into two categories: 1) studies that have attempted
to explain how sanctions work, 2) studies that have focused on evaluating the
effects of sanctions on macroeconomic variables. Regarding the first category,
Rahmati et al. (2016) noted that the oil embargo reduced Iranian crude oil export
and government foreign exchange incomes. Tayebi and Sadeghi (2017) stated that
because the Iranian government budget was more than 50% dependent on oil
revenues, oil sanctions led to a budget deficit. Due to the ensuing economic
recession and inadequate tax revenues, they added, the government had to borrow
from the banks or the central banks, which, in turn, would reduce the central
bank’s ability to manage the exchange market in the form of managed floating,
resulting in an increase in the exchange rate. Toghyani and Derakhshan (2014)
pointed out that an increase in the exchange rate would increase the import costs,
thereby increasing the consumer price and production expenditure, but it may
encourage competitiveness among domestic exporters because the foreign
exchange earned by the exporters may have more value due to the devaluation of
the domestic currency. Eyler (2007) argued that international financial sanctions
could increase the risk of any transaction with the financial and banking network
of the target country and facilitate the expansion of informal financial activities,
which may result in higher exchange transfer and financing costs. Marzban and
Ostadzade (2015) opined that the psychological effects of economic sanctions
could lead to increased uncertainty among economic agents about the future and
have detrimental effects on production, consumption, and, especially, investment.
Derakhshan (2014) believed that inadequate internal resources to finance the
massive oil industry, high costs of exploration, development, and operation, the
need to have advanced technology and equipment for the exploration and
exploitation of oil and gas fields, which are often in the second half of their lives,
forced the National Iranian Oil Corporation (NIOC) to enter into contracts with
international oil companies to be able to finance oil and gas projects and use their
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advanced technology. However, international oil companies are risk-averse due
to the long-term and significantly costly oil contracts that they sign with other
parties. The uncertainty caused by sanctions makes these international companies
withdraw from the target country, which may reduce financing and investment in
the oil industry, lack of the technology required by the oil industry, and ultimately
a reduction in oil production.

Dizaji (2014) examined the impacts of oil shocks on government
expenditures and revenues nexus using vector autoregressive (VAR) and vector
error correction (VEC) models. The results showed that the main causality was
from the revenues to expenditures. Therefore, the oil sanctions were found to
significantly affect the government expenditures, as the main source of
developing the Iranian economy. Using Autoregressive Distributed Lag (ARDL)
and Error Correction Mechanism (ECM) methods in their study, Tayebi and
Sadeghi (2017) concluded that the sanctions imposed on Iran before 2012 had a
weak effect on the exchange rate, but those sanctions imposed in 2012 had a
strong effect on the exchange rate by severely limiting Iran’s crude oil exports
and causing a huge budget deficit. International financial sanctions have also
increased the risk of financial exchanges and enhanced international financing and
transaction costs. In an attempt to study the importance of economic shocks in
explaining the recession in Iran during 2012-2013, Rahmati et al. (2016) used the
business cycle accounting method and concluded that the productivity wedge
could play a major role in explaining the business cycles. They also added that
when the exchange rate effects were separated, the trade wedge was found to have
an important role in explaining the 2013 recession in Iran due to the sanctions.
Table 1 summarizes the results of some studies on the effects of sanctions on
economic variables.

The behavior of economic policy-makers is very important in obtaining
economic equilibrium. As a monetary and exchange policy-maker, the Central
Bank (CB) can have significant effects on the equilibrium of economic variables
(Blinder et al., 2008). Generally, CB imposes monetary policy rules on the
economy, either with interest rates in the form of Taylor rule (Taylor, 1993) or
with monetary base in the form of McCallum rule (Mc Callum, 1987). Instead of
the current monetary policies, CB may apply an optimal monetary policy by
optimizing its objectives or minimizing loss function under a time constraint to
secure economic equilibrium (Robert Nobay & Peel, 2003). In fact, CB seeks to
minimize its loss function because it reflects the disturbance and disadvantages of
the economic system in the optimal monetary policy. For example, the inflation
gap, which leads to an inefficient allocation of money, and the output gap, which
indicates a lack of optimal use of the country’s economic capacities, can be the
main factors in the CB loss function (Ruge-Murcia, 2004). The CB can adopt one
optimal monetary policy from the several available forms of optimal monetary
policy, including the Ramsey approach, the discretionary policy, and the optimal
simple rule (OSR), each differing from the other in terms of the loss function
(Tavakolian & JalaliNaeeni, 2017). According to the variables in the loss function
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and their weights in each of the above-mentioned forms of optimal monetary
policy, there are many policy options available to the CB to choose from in the
face of a given dire economic condition, such as that beset by economic sanctions.
Some studies have considered various nominal and real variables in the CB loss
function. Giannoni and Woodford (2004), for example, considered inflation, real
wages, and output gap. Similarly, Bernanke et al. (2018) considered inflation and
output gap. Guender and Sander (2011) and Tavakolian and JalaliNaeeni (2017)
considered inflation, output gap, monetary base growth, and exchange rate gap in
the CB loss function. Choosing the appropriate optimal monetary policy with less
welfare loss by the CB of Iran and evaluating it using the optimal simple rule was
the second objective of the present study.

An overview of previous studies shows that although different quantitative
methods have been used to analyze the effects of sanctions, to the best of our
knowledge, no study has yet utilized the DSGE model to analyze the effects of
the sanctions imposed on Iran. The main contribution of the current study is that
it attempted to fill this gap in the literature. Moreover, while sanctions have been
studied in the form of a dummy variable in the majority of the previous studies,
in this study, the sanctions were considered as a stochastic shock with different
degrees of impact on various sectors of the economy. Since the effects of oil and
international financial sanctions have not been simultaneously investigated in the
previous studies, this study was hoped to contribute to the literature by examining
the effects of these two types of sanctions at the same time. The analysis of the
adoption of different monetary policies by the CB of Iran under the sanction
regimes can be considered as another contribution of the present study.

In addition, in the model employed in this study, three kinds of sanctions,
including oil sanctions in the form of an embargo on Iranian oil export, technology
sanctions, and foreign investment sanctions, were considered, which could be
regarded as the main contribution of the current research. Furthermore, this study
differs from the previous studies in that it examined two kinds of international
financial sanctions, in the form of export and import sanctions, and three kinds of
imports, namely, consumption, investment, and intermediate input. Also, in the
present study, a new form of investment in the oil sector was developed and
domestically produced goods were divided into foreign and domestic markets
based on the computable general equilibrium (CGE) model. The above features
distinguish the DSGE model developed in this study from those of previous
studies.
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Table 1. A summary of some studies done on the effects of sanctions

Author(s) The results of sanctions imposed Method Case study
Farzanegan The negative effects of the shadow economy were more panel Provinces of
& Hayo than the formal economy in 2012-2013 and the Iranian Data Iran
(2019)  households took the brunt of sanctions. (2001-2013)
A decrease was reported in the central bank’s foreign
exchange reserves, leading to an increase in the
Sadeghi & exchange rate and import costs. As a result, there was
R Lo O - . ARDL & Iran
Tayebi  inflation in the consumer price index and an increase in ECM  (1981-2014)
(2018)  the production costs, which resulted in an increase in the
budget deficit, forcing the government to borrow from
the central bank.
. The destination of two-thirds of Iran’s non-oil exports
Haidar h . - theref Iran
(2017) changed and export costs |nc_reased,t erefore, exporters ~ OLS (2006-2011)
made less profit and deadweight loss decreased.
McDonald The sanctions had a negative effect on economic growth, OLS Iran
& Reitano but the defense expenditure increased, indicating that the (Growth (1959-2007)
(2016)  sanctions were not effective. model)
Khabbazan The banking sanction led to a decline in household
Y welfare, had more damaging effects on export than on Iran
F import and foreign investment, decreased GDP and CGE (SAM table-
arzanegan _ . - .
private consumption, and increased the exchange rate 2001)
(2016)
and CPI.
The oil sanctions reduced GDP, export, import, private Iran
Farzanegan consumption, and CPI, had more severe effects on the CGE  (SAM table-
et al. (2016) welfare of the rich than the poor, and increased the 2001)
exchange rate, wages, and non-oil exports.
The sanctions increased informal economic activities, 147
Petrescu - - . - Panel .
especially those supported by international agencies and countries, 46
(2016) . Data
companies. years
The sanctions imposed on the central bank, the 29 banks in
Keimasi et restrictions placed on access to the SWIFT, blocking oil ~ Panel Iran
al. (2016) revenues, and rejection of LC negatively affected the Data (2007-2014)
profitability of the banks.

. The sanctions decreased foreign direct investment, .
Gurvich & foreign borrowing, investment in the government debt Russia
Prilepskiy gn borrowing, govern OLS  (2014-2017)

market, capital withdrawal, GDP, consumption, and
(2015) : .
government revenues, but increased self-reliance.
The banking sanctions impeded the transfer of exchange
., Qgained through the transactions of imports and exports, ~ Delphi
Ghazaavi &. limited the bank’s international relation and their access and Selected
Mohammadi . - . - - . banks from
(2015) to the_ mterna_tlonal financial messengers, |r_1crease_d Friedman Iran
banking services costs, and decreased public confidence test
in the banking system.
., The economic sanctions were found to be effective in
Toghyani & . . . . - .
limiting access to the international financial system.
Derakhshan - . . AHP Iran
(2014) Multilateral sanctions and permanent sanctions

enhanced the negative effects of economic sanctions.

Source: Current research.
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3. The Study Model

The study model was developed based on two kinds of sanctions, including
the oil sanctions and the international financial sanctions, and the reality of Iran’s
economy, as described by Adolfson et al. (2007), Allegret and Ben Khodja (2015),
Balke and Brown (2018), and Tavakolian and JalaliNaeeni (2017). Households,
labor market, intermediate good producing firm, the trade sector in both non-oil
exports and imports, the oil sector, government, the central bank, and clearing
conditions were considered in the study model. Figure 2 shows the relationship
chart of the model developed for this study.

L&K
In
Final product Intermediate
Households 1&c P y-_ne ;
Firm Product Firms
TR
Sub 1&C
Tax Import of y_X e
(c,w) 1&C&In
Foreign Sector Oil Sector
Government
(Sanctions) y_ox (Sanctions)
FDI
L&K ce

Figure 1. The relationship chart of the developed model.
Source: Current research.

This study aimed to examine the simultaneous effects of sanctions on the oil
and international financial sectors. Since the DSGE model was developed to allow
the researchers to examine the simultaneous effects of sanctions on the above
sectors, it was necessary that the sanctions occurred simultaneously and had
different effects on different sectors through different parameters. Therefore, the
formulas applied for the oil and international financial sectors facing sanctions
were similar, but the sanctions had different effects on each of these two sectors
because different parameters were considered for each (Sections 3.4 and 3.5).

3.1 Households
The households derive utility from consumption C;, and real value of money

balances —  holding foreign currencies = f , and gaining disutility from the labor

l; (Tavakollan & Ghiaie, 2019). The households tend to maximize their utilities
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that are discounted by , as the intertemporal preference subject to constraints in
Equations (3) and (7).

M, M,
Max By 322, 8 U; (2,1, 2%) (1)
t
S 1—
U. =Ctlldc _Xm (Mt1)1 Om _Xltl l+ Xms M_L?L Ims (2)
V16, 1-0p 1+0; 1—0pms P[

Where g, is the consumption substitution elasticity, g, is the inverse of the
elasticity of money balances, o, is the inverse of the elasticity of foreign
currencies held, and o; is the Frisch elasticity of labor supply.

The households’ total income from supplying capital K; , by the return ¢,
and labor, by wage w,, to the domestic production sector, from the principle and

interest of bonds issued by the government (1 + i;_;) %, from the transfer
t

payment TP;, and from the profit of household-own firms D, should be equal to
its total payments_ in the form of investment I, bonds issued by the government
b, consumption c;, and the domestic money m; and foreign currencies m; held
by the rate of real exchange re;_ and the taxes_ in the form of income tax and
consumption tax in the rates of ¢t} and t/4, respectively:

Ct(1+t A)+ t1t+mt+bt+ret mt—th (1_tt)+

3)
+rt Ki_1+re_q1.v: “+TPt+Dt

mt1

b
(1 + i) ;tl

Where P, Ptf, Sty Ve, and 1, are domestic price index, forelgn price index,
nominal exchange rate, nominal exchange rate growth, and inflation rate,
respectively (Equations 4-6).

re; = % 4)

Ve =5 (5)
5t];1

T = Pttl (6)

According to Rotemberg (1982), the capital accumulated by the households,
considering the adjustment cost of investment ](1_) and the rate of
t—-1

depreciation § (as the second constraint on the households) can be calculated as
follows:
ke = kea(1=8) + 1G] 1, 7)
je =2 (e~ 12 (®)
By considering q; as the marginal Tobin’s Q!, household maximization
problem results in the consumption Euler equation, money demand, foreign
currency demand, investment Euler equation, supply of labor, and capital pricing
dynamics, as shown below, respectively:

! Tobin’s Q is the ratio of two Lagrangian multipliers (g, = %).
t
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_a—c

1+1
oz = BE(—* ©)
m“’m = Ct—c(l_f) (10)
t A (1+E7) M+
s—oms _ _ et _ Yt+1
n;Lt - )(ms(1+t"‘1)[ 1+L ] 5 (11)
Pt _ _ (= Tetr (Te41\™ o7 deva
= 4|10 (G5) — GG+ B T2 (52) 165 (12)
c, °c
[ = e we (1= tY) (13)
TT.
qe = Et(ﬁ)[rtﬂ + (1= 8)qe44] (14)
A constant elasticity of substitution (CES) function of domestically produced

consumption ¢ and imported consumption cF™ formed the aggregate

consumption with the elasticity of 6. The share of domestically produced goods
in the consumption was a,. P£% and Pf™ in the total consumption expenditure in
Equation (16) denote domestically produced price index and imported

consumption goods price index, respectively.
_6c

1 6c-1 Oc=119,-1
¢ = |agfecl b + (1— ac)ec cP™ oc (15)
Pecy = PE% ¢ + PE™ ™ (16)

The households tend to minimize their expenditure; therefore, their demands
for domestic consumption, imported consumption, and consumption price index
will be as follows:

cd
c;’ = & ()" (17)
=1-a) ( ) Occy (18)
P1 b = q, ped’” 5 b1 a) PEmi e 19
t

A CES function was used to break up the domestic productions into energy
and non-energy products by considering 6, and a, as their elasticity of

substitution and the share of each one in the domestic products:
_Be
1 Oe—1 Oe—1 fe—1

cl =|abect b +(1—a )9e cl€ oe (20)
Based on the households’ intention to minimize the expenditures, the

households’ demands for the consuming energy and non-energy goods and
domestic consumption goods price can be shown as follows:

Pf_
cf = a GG et 1)
P _
2 = (1- @) Ge~c, (22)
e ™% = @, PE % 4 (1 - a,) PPet 0 (23)

Accordmg to Algret and Bin Khodja (2015), due to the subsidy, the price of
energy is equal to the weighted combination of the previous price of energy and
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the world oil price Ptof. , in which ag (0<0s<1) is the share of world oil price in

the subsidized price of energy.

Pte =1-ay) Pte—l + ass; PtOf (24)
The households gain their total investment from domestic /¢ and imported

investment goods It’"m in the form of a CES function, in which 8, and «a; are the

elasticity of substitution and the share of each one in the total investment:
91

Rt e [T
I = |afr IF o +(1—a)er IP™ o (25)
P{l, = P{* I? + P{™ I (26)

In Equation (26), which represents the total investment expenditure, P/ , P/¢,
and P/™ denote investment price index, the price of domestic investment goods,
and the price of imported investment goods, respectively. The households’
demands investment from domestic and imported goods by minimizing the
expenditures can be calculated as follows:

pie. _
I? = aI(PLtI) o], (27)
pim, _
"= =) )™ (28)
In which the investment price can be shown as follows:
P = P 4 (1 — ) PO (29)

3.2 Labor Market

Following Erceg et al. (2000), in this study, the competitive market was
assumed to be monopolistic, in which the household supplies a heterogeneous
labor force to the intermediate goods and the oil-producing firms determine the
wages and the amount of labor. In such a market, one aggregator buys all of the
services provided by the labor forces (Dixit & Stiglitz, 1983) and combines them

by the elasticity of 9;.
6

=[G al” 30)

The aggregator determines the labor demand from each household by
maximizing its profit:

Maxwel, — [ 1. (Dw,(D)di (31)
le(D 0 0

; )19t
L@ = 2] ", (32)

By substituting Equation (32) into Equation (30), the wage can be shown as
follows:
1
we = [ [ we (D% di]" ™ (33)

According to Calvo (1983), households cannot determine the optimum wage
in a monopolistic competitive market due to price rigidity. Thus, the households
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can only adjust the optimum wage w{ in the probability of 1 — v,, and follow the

rule of thumbs and adjust the inflation rates by wage indexation in the degree

T,»(Equation 34) to be able to determine the wage with the probability of v,, in

each period:

Wep1 (1) = () W we (1) (34)
The representative household determines the wage in the way that minimizes

its labor disutility by considering v,, as the probability of not readjusting the wage

up to s periods:

. Xl L) Wees(D) .

Min By $2,(Bun)* (— 2404 2, 20, (1 - o)) (35)
Where, in each period, v, percentage of the households cannot adjust their

wages to the optimum level and just 1 — v, percentage of the households will be

able to adjust the nominal wage:

w170 = vy, [ )W 170+ (1 — vy, w0 (36)
Determining the wage process resulted in the log-linearized New Keynesian

Phillips curve for the wage:

A ~ _ Avy AV Ty A —~
(_1_v - 0191) We = =Weq +—— =M + 0,0, VE(Wey1)
w w w

+B Uy (1 + 010)E (Rear) — [T + B v, (1 + 0,8 | 7 B7)

+0.[¢ + B w0 E(Er41)] + aille + B vy E(le41)]

1+0,0
Where 4 = —YL |
(1-Buy)

Avy,
1

—Uy

3.3 Intermediate Good Producing Firms
According to Balke and Brown (2018), the intermediate-good-producing
firms use the labor force I, capital services Ksc,, and inputs In, by the price P/™,
and produce the intermediate products y/*° in a Cobb-Douglas form. Capital
services are the function of capital accumulation, energy, and government capital
accumulation as follows:
Y () = AcKse (NG (D) In, ()4 (38)
Ksc(j) = kg—1 (Dec(N*eki_y (39)
The demands of the producing firm for labor, capital, intermediate goods,
and energy and its marginal cost were obtained by minimizing its expenditure:

lg’(i) = w mc; %ﬁl) (40)
kty_l(i) =ac mct#t(i) (41)
ee(i) = a (1= &) meey} (D) (42)
(i) = (1= @~ w) meey () o (43)

me, = (44)

ae®q(1-)* (1= @ (1—a-w)1-t=0) A kS |
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Producing firms separate their products to supply the domestic and foreign
markets with non-oil exports in the amount of y& and y# and the prices of P& and
s PZ, respectively, and in the form of a constant elasticity of transformation
(CET) function following the CGE model.

Oy
Oy+1 1 Oy+1 Oy+1

OB [aﬁ YED 7 + A — ) yE(@) (45)

Producing firms maximize their profits to determine supply to the foreign
and domestic markets:

Xr: s¢PY Oy no ¢
Y = A-ay) (5F) 3o (46)
dc;: Ptd Oy no(;
Vi =ay(55) " ¥°0 (47)
Where the intermediate goods price index P, is as follows:
PP ()% = a. PEW)™ % + (1 — ) [scPED] (48)

According to the Walras’s law, the price of domestic products P, is equal
to the price of domestically produced goods demanded by households,
government, and intermediate firms (Pf%, Pi4, and P/™). Monopolistic
competitive markets were assumed to be responsible for supplying producing firm
products to the foreign and domestic markets. Here, the domestic monopolistic
competitive market is presented and the foreign market is presented later in
Section 3.4.1. According to Dixit and Stiglitz (1983), one aggregator buys all of
the goods supplied by the producing firms in a domestic monopolistic competitive

market by the substitution elasticity of 6,:
2]
d 1 dg. fa-1 . gdlil
vié =\, y&@ % di (49)

Where the demand from each supplier and the domestic products price index
considering the minimum profit are, respectively, as follows:

. pd iy 0
o =% v (50)
1
Pe=f) PO aif7* (51)

Assuming the price rigidity proposed by Calvo (1983), only 1 —vy,
percentage of the firms can determine their optimal prices in the price P&*. For
the rest of the firms, the prices are determined according to the inflation of the
previous periods adjusted by the degree of domestic price indexation 7, as shown
below:

P4 () = (nf)™ PEQ) (52)

Where, according to Equation (51), the domestically produced goods price
index is as follows:

1-6 T _ «1-0
P = vg(my) PO+ (1~ )P (53)
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The firms maximize their expected discounted profits, which are subject to
Equations 50 and 53, to determine the price in the way that they cannot adjust
their prices in the probability of v, up to s periods:

o Aesy (Ples(® ,
Max  EoN2o(Bua)* () (P52 — mepas) s (©) (54)

Where the New Keynesian Philips curve for the domestic price in the log-
linearized form can be shown as follows:
~d _ _Vd_ ~d B 4d (1-vg)(1-Bvg) —~

6= Topog 1 Ty, et gy (55)

On other hand, the intermediate firms receive their intermediate input from
the domestic market Ing and import Inl, which combine together in the CES
process with the substitution elasticity of 6,,,:

O1n
1 fin-1 1 Om-1]67,-1

In, = a,nm Inf b+ (1— a,n)m In{* ém (56)

On the basis of the optimization behavior, the intermediate firm demands
domestic input Ing by the price of P/"¢ and imported inputs In" by the price of
pinm:

Ptlnd

In{ = a1n(PtT)_9’"1nt (57)
Plnm _
In* = (1—a) (ﬁ) OmIn, (58)

Where the input price index can be calculated by substituting Equations (57)
and (58) into Equation (56):

—6in 1-0in —0m
PO = g, Pt 4 (1 ) Pl (59)

3.4 Trade Sector

In this study, the trade sector was divided into two sections, i.e. export and
import, to analyze the effects of international financial sanctions, as one of the
two sanctions considered in the study.

3.4.1 Exports
The intermediate goods firms sell some of their products to foreign markets
as exports in a manner that reflects monopolistic competition. Similar to what was
mentioned earlier, there is one aggregator that purchases and aggregates the
supplied export products to sell them to the foreign markets:
Ox
x 1 X Ox—1 i Ox—1
ye = Iy ye@ o il (60)
Where 6, is the substitution elasticity of the exporting products of the
intermediate firm. The aggregator demand from each exporter is shown below:
X 7 —6
, P (i) x
i =% v (61)
And the export price index is as follows:
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1
PF = |fy PE@Ox di] (62)
Assuming the price rigidity proposed by Calvo (1983), only 1 —uv,
percentage of the exporters can determine their optimal prices in the price PX*.
For the rest of the exporters, the prices are determined according to the inflation
of the previous periods adjusted by the degree of export price indexation t,., as
shown below:
Py (1) = ()™ P(D) (63)
Where, according to Equation (62), the export price index can be calculated
as follows:
I =y [(r ) PE ] 0 4 (1 = u ) P (64)
The problem is that each exporter chooses P¥* to maximize the expected
discounted sum of profits, which is subject to Equations (61) and (64), in a way
that it cannot adjust its prices in the probability of v, up to s periods:

. Ates [ PErs@ .
Max Eg 552o(Bus)* (522) (P2 — mefs) v (D) (65)
Where ultimately log-linearized New Keynesian Philips curve of the export
price is:
Ax _ Ux Ax B PN (1-vy)(1—Puy) —~ X
e = 14+ Bvy M1 + 14+Bvy T+ + Uy (14 Bvy) me (66)

On the one hand, the exporter purchases the intermediate producing firm
products at the price of P2 to sell them to foreign customers at the exchange price
of P{. On the other hand, the international financial sanctions increase the export
financial costs S, through by raising transportation charges in shipping,
insurance, etc. Thus, the marginal cost for each exporter can be shown as follows:

7 s 67)
S¢P;

Export financial costs follow an autoregressive process degree 1(AR (1)).
The sanctions increase these costs through parameter ssx, which is the elasticity
of S{* following the intensification of economic sanctions, as shown below:

InS¥ = (1 — py)InS*+p,InS¥ | + ssx.sanc, + efef~i.i.d.N(0,62.) (68)

Where S* is the value of the steady-state of the export financial cost.

mcf =

3.4.2 Imports

Importing firms can be active in three areas: consumption goods, investment
goods, and intermediate inputs.

The firms importing consumption goods purchase their needed goods from
foreign and sell them to domestic consumers, such as households and government,
in a monopolistic competitive market. Indeed, one aggregator buys the imported
consumption goods from importers to sell them to the domestic markets in the
substitution elasticity of 8,,,:

Ocm

Ocm—1 Ocm—1

M =[] @) bem di (69)
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The aggregator minimizes its profit to determine both the demand from each

of the consumption goods importers and the imported consumption goods price:
-0,

. PEM(i m
) =" T e (70)
1
m _ |l pemiN1-6 +|1=6cm
=15 Pem(yt-tem dil (71)

Following Calvo (1983), only 1 —v,,, percentage of the importers of
consumption goods can determine their optimal prices at the price of PF™*. For
the rest of the importers, the prices are determined according to the inflation of
the previous periods adjusted by the degree of imported consumption goods prices
indexation t,,, as shown below:

PEM (i) = (mE™)Tem PEM(D) (72)

Where, according to Equation (71), the imported consumption price index
can be calculated as follows:

P Oem =y [(E™ ) Fem PET M0 4 (1 — vy ) PEM 1 00m (73)

Each importer of the consumptlon goods decides to choose Pf™* to
maximize the sum of its expected profits, which is subject to Equations (70) and
(73), in the discounted form in a way that it cannot adjust its prices in the
probability of v, up to s periods:

o Aersy (Pids (@) cm M (i
Max By 35%0(Bvom)® (59 (P = meflh) clhs(D) (74)

Eventually, the New Keynesian Philips curve of the imported consumption
goods price in the log-linearized form can be shown as follows:
~ v ~ B ~ 1-v 1-Bv ,\

A" = Copuon T4 T o M+ ot S e (75)

On the one hand, importers buy the consumption goods needed from the
foreign markets at the price of Ptf and sell them to domestic customers at the price
of Pf™. On the other hand, the international financial sanctions increase the
import financial costs Sf™, by raising transportation charges in shipping,
insurance, etc. Thus, the marginal cost for the importers of consumption goods
can be measured based on the following equation:
mef™ = Pc,fl Sim (76)

The import financial costs follow an AR (1). Sanctions increase these costs
through parameter scm, which is the elasticity of S{™ following the intensification
of economic sanctions, as shown below:

InSf™ =1 - pcm)lnS Mt pemInSET + ssem. sanc, + ef™

&M~ i.i.d.N(O, ascm)

The second kind of import firms is referred to as importers of investment
goods. They purchase the needed investment goods from the foreign market and
sell them to domestic investors, such as households and government. Importers of
investment goods operate as monopolistic competitive firms. One aggregator buys
the imported goods from the importers by the substitution elasticity of 6,,, and
aggregates them to sell them in the domestic markets:

(77)
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O1m
elm‘l Oim—-1

It —[f I (@) orm dl] (78)

The aggregator demand from each importer of the investment goods can be

shown as follows:
-6

PIm m
Mo =[] (79)
Where the imported investment goods price is:
1
m _ [fol Pgm(i)l—ﬁlm di]l‘elm (80)

Following Calvo (1983), only 1 —wv;, percentage of the importers of
investment goods can determine their optimal prices at the price of P/™*. For the
rest of the importers, the prices are determined according to the inflation of the
previous periods adjusted by the degree of imported investments prices indexation
Tim, &S Shown below:

PIT (i) = (f™)"m PI™() (81)

Where, according to Equation (80), the imported investment price index can
be calculated as follows:

PO = g [l Y Fm P 6m 4 (1 = v ) P (82)
Each importer of investment goods decides to set P/™* to maximize the
expected discounted sum of its profits, which is subject to Equations (79) and
(82), in the way that it cannot adjust its prices in the probability of v, upto s
periods:
o A P ()
Max Eo S3o(Bum)® (52 (i — melly) (D) (83)
Where the log-linearized New Keynesian Philips curve of the imported
investment goods price is as follows:
~Im _ __VUim AIm B ~AIm (A-vm)A-Buim) —~
vt v o e e T B (64)
Similar to the importers of consumption goods, the marginal cost for the
importers of the investment goods can be calculated as follows:

m _ Pl cm
mc, = P St (85)

The financial costs of importing investment goods follow an AR (1) process.
Sanctions affect these costs through parameter sim, which is the elasticity of S/™
following the intensification of economic sanctions, as shown in the following
equation:

InSi™ = (1 - p,m)lnS’m+p,mlnS + ssim.sanc, + ™
gm~i.i.d.N(0, aslm)

The third kind of import firms is referred to as the importers of intermediate
inputs. There is one aggregator in a monopolistic competitive market that
purchases the imported intermediate inputs from the importers by the substitution
elasticity of 6;,,, and aggregates them to sell them in the domestic market:

1-6m

(86)
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Omm
fmm—1 Inm-1

In™ —[f ™ (i) Omm dl] (87)

The aggregator demand from each importer of the intermediate inputs and
the imported intermediate input price can be shown as follow, respectively:

Inm,; _glnm
mpe) =28 me (88)
t
1
Plnm _ [fol Ptlnm(l-)l—BInm di]l-emm (89)

Following Calvo (1983), only 1 — v;,,,, percentage of the importers of the
intermediate goods can determine their optimal prices at the price P/"™*. For the
rest of the importers, the prices are determined according to the inflation of the
previous periods adjusted by the degree of imported input prices indexation T,
as shown in the following equation:

PE(@) = (rfm™)yTiom P (i) (90)

Where, according to Equation (89), the imported intermediate input price
index is as follows:

PEON [ G i PRI Gt 4 (1 — )P0 (91
Each importer of intermediate inputs decides to set P/™* to maximize the
expected discounted sum of its profits, which is subject to Equations (88) and
(91), in the way that it cannot adjust its prices in the probability of v, up to s
periods:
. Atrss [ PIT(D) ,
Max By 55%6(Borm)* (522) (Fpim = mel3) Infl(0) (92)
Where the log-linearized New Keynesian Philips curve of the imported
intermediate inputs price is as follows:
~Inm _ _Vinm _ ~lnm B ~Amm ; A-Vmm)(A—BVinm) —~ mm
e N 14+Bvmm t-1 + 14+BVmm t+1 + Vinm (1+BVinm) “ (93)
Similar to what was mentioned before, the marginal cost for the importers of
intermediate inputs can be calculated as follows:

Inm _ tPt Inm
me, " = Pg"ms 94)

The financial costs for importing intermediate inputs follow a AR (1)
process. Sanctions affect these costs through parameter sinm, which is the
elasticity of S{™™ following the intensification of sanctions, as shown below:
InSi"™m = (1 — p,nm)lnS’“m+p,nmlnS{”m + ssinm. sanc, + e[™™ (95)

e"m~i.i.d.N(0,02,m)

3.5 Oil Sector

The oil industry is one of the main sectors almost always affected by the
sanctions. The government-owned oil-producing firm uses labor 2, capital k7,
and technology A? to produce the oil y? in a Cobb-Douglas form, as captured in
the following equation:

yt _Ao o flol 3 (96)
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The firm tends to maximize its profit; thus, the demands for its inputs in the
form of first-order conditions can be expressed as follows:

PO o
kfy=§—-* 97)
P=(1-H7" (98)
Where P? is the oil price and can be calculated by the following equation:
o _ oxLox e ft ei
PP = s, Pf " + Pf " + Pf 3 99)

Based on the economic realities of Iran, three kinds of sanctions were
considered in this study: Sanctions on oil exports y?*, technology, and foreign
investment. The sanctions affected the export of oil, technology, and foreign
direct investment in the oil industry fdi? in the form of an AR (1) process. The
parameters ssyox, ssoa, and ssfdio are the elasticity of y?*, A? , and fdi? due
following the intensification of oil sanctions, respectively, as shown below:
Iny?* = (1 — por) INy*+p, Inyf*, + ssyox.sanc, + ef*

100
ef*~i.i.d.N(0,0%,) (100)
mAY = p,aInAY%_, + ssoa sanc, + £2¢
t Poga -1 ; t T €& (101)
&4~i.i.d.N(0,05,) _
Infdif = (1= praio ) INfd®+psaiolnfdil_, + ssfdio sanc, + ] * (102)

el O~ii.d.N(0,0%;,)
The government-owned oil-producing firm combines the foreign
investment Iff and the government investment I2¢ in a CES function with the
substitution elasticity of 8, to provide total investment I7. Based on the economic
realities of Iran (The Sixth Development Plan and the National Iranian Oil
Company (NIOC) Statute), y, percentage of the exchange revenues gained from
oil export should be attributed to the oil-producing firm for investment in the oil
industry (Equation (104)). Foreign investment I2F in domestic currency is another
source of investment in the oil industry (Equation (105)), in which s;is the
nominal exchange rate, as shown below:

1 801 1 ot 5ot
19 = |@n80 I95 60 + (1 — a,)fo 17T % (103)
199 = y,5. P y* (104)
19F = s, fdi? (105)

The accumulation of capital in the oil sector by considering the rate of
depreciation §° can be calculated as follows:

ki = k{_,(1=6°)+17 (106)
The oil market-clearing condition is as follows:
ye =yt tectcf (107)

Sanctions on the Iranian oil export leads to an increase in the world price of
oil because Iran is one of the key oil-producing countries, but the effect is little
because other oil-exporting countries usually increase their oil production to
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cancel out the rise in the price of oil. Thus, the world oil price inflation 7’ is
affected by the amount of oil exported with the elasticity of p,,,sf:
lmrff = (1 - ppof)lnan+ppoflnnff1 + Pposrye* + sff (108)

el ~i.i.d.N(0,0%)

3.6 Government

Government total revenues from consumption and income taxes, issuing
bond sb,, exchanges earned from (1 — y,) percentage of oil export, selling oil to
households and intermediate firms in the form of energy, and ultimately
seigniorage d¢ — d¢_, should be equal to its transfer payments TP,, consumption
c, at the price of P£¢, investment I¢ at the price of PI¢, the resources necessary
for clearing previous bonds b;_;, and the labor and the capital used in the oil
sector.

G
P G

_C t Pt It +bt 1(1+lt 1)

+ TPy + wlf + rekf = tWwel,
(109

+tVA( PG ) by + (1 — t”tfyf + 2 d§ — d¢
¢ Ct+PtCt + b+ (1-7v,) o (Ct+et)+(t 1)
t

)

Capital accumulation by government investment and depreciation rate §¢ is
shown below:
kéy = kS =69 +1E (110)

Government provides its consumption and investment goods from the
domestic (cf¢ and I%) and imported goods (cf™ and I£™), combined in a CES
function by the elasticity of substituting 8., and 9,., respectively:

6.

1 8c6—1 1 OcG-1 956 1
Ct = aCGQCG Ct Gd 6. + (1 — aCG)ecG CGm 0cG (111)
%16
NESN ) lcint: 1 b16=1]6;6-1
1§ = |a;;%c [tGd o6 + (1 — (ZIG)GIG IE™ 616 (112)

Demands for domestic and imported consumption and investment goods can
be measured based on the government optimization, as shown below,
respectively:

CtGd = acG(PcG) feacf (113)

= (1= ag) (PCG) feacf (114)
ItGd aIG(PIG) eclt (115)
If™ = (1-ag) ( ) b6 (116)

Where the prlce indices of the government consumption and investment
goods are as follows:
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PEOITOC = @ PETOC 4 (1 — ) PO O (117)

PIGI0 — gy P60 (1 _ 0 pic (118)
For simplicity, the fiscal policies adopted by the government concerning the

consumption and investment goods were considered exogenous in the form of an

AR (1): B

Incf = (1— peg)IncC+peglnet | + &9 g9~i.i.d.N(0,0%) (119)

Inlf = (1 - p,‘g)lnl—‘;—Fp,glnlt‘;_1 + +pigqln af + eig

g 9~i.i.d.N(0,07) (120)
3.7 Central Bank

The combination of government debt to the CB of Iran df and the net foreign
reserves held by the CB of Iran fr, form monetary base m, can be shown as
follows:
m, =re, fry +df (121)

While the oil export, oil foreign direct investment, and the non-oil exports
increase the accumulation of foreign reserves by the CB of Iran, the foreign
currencies held by the households and total imports decrease the accumulation of
foreign reserves by the CB of Iran, as manifested below:

of cm M, plm;M  pIlnm;, m

fre = f:ifl = P;f ye* + fdig + fYt m; = (et s:;fwt z

On the one hand, the CB of Iran adopts some new policies to control the
exchange market with a managed floating system in response to the foreign
reserves fraction to the monetary base and the differentiation of domestic inflation
from foreign inflation n[ . Therefore, the log-linearized exchange rate policy can
be written as follows:
7 = ps¥em1 + pss (7@ + [T = ) + pss (T = ] ) + & (123)

gf~i.i.d.N(0,02)

Where the rate of foreign inflation considered in the form of an AR (1) can
be shown as follows:
lnnt (1 —ppf)lnnf+pp*ln7r + sff el f<ii.d.N(0,0 ayr) (124)

On the other hand, the CB of Iran adopts some new monetary policies, by
determining monetary growth m,, in response to the gap between inflation and
the inflation target r;, and the gap between the GDP y, and its steady-state.
Accordingly, the current monetary policies in the form of CPI or producer price
index (PPI) targeting can be performed Wlth the following log-linearized rules:
My = Priy Me_q + Pn(”t 7Tt) +pyVe + e g'~i.i.d.N(0,0) (125)

(122)

My = Py Mg + Pn(”t — 1) +py T + & g'~i.i.d.N(0,03) (126)
Where the growth of the monetary base and the rate of target inflation are as
follows:

my = —4m, (127)

me—1
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Int; = (1 — pp. ) InT* +pp.lnmi_y + €l” el ~i.i.d.N(0,0%) (128)
Instead of the current monetary policies mentioned in Equations (125) and
(126), the CB of Iran can use optimal monetary policies by optimizing its loss
function. In the present study, the optimal simple rule (OSR) was considered to
analyze various optimal monetary policies with CPI and PPI inflation targeting to
chooses the appropriate policy with less loss function. Therefore, the loss function
presented below was considered by the CB of Iran.
L = ANvar (@) + Avar(F;) (129)
Where A;and A, are the weights of inflation and output gaps in the loss
function.

3.8 Clearing Conditions
Some more equations had to be added to the model to complete and close the

model and clear the total economy (Equations (130-134)), the labor market

(Equation (135)), and the market for domestic goods (Equation (136)). These

equations are presented below:

PEGef | P APLCIT | Xe M

Ve = ¢ + P + P P (130)
X, = PEyE +s.P yo* (131)
M, = P! +P{™ I + PP I (132)
cM = cPMpcfm (133)
= rmgm (134)
=07 +12 (135)
yE=cre+ I+ 12+ 197 + Ind (136)

4. Calibration of Parameters

Before simulating the shocks caused by the imposition of sanctions, a
calibration method was used to calibrate the model parameters, as suggested by
Chen et al. (2012) and Angelopoulos et al. (2010). The time series of all
macroeconomic variables extracted from economic databases, such as CB of Iran
(www.tsd.cbi.ir) and the Statistical Center of Iran (SCI; www.amar.org.ir), and
their geometric means were calculated as the steady-state values according to the
available data. Some of these values are shown in Table 2.

Table 2. Steady-state values of the main variables

Varile y ¢ L B T8 YX Yo yoX m pI pd P
y y y ¥ y y y y p p p

Steady-
1 045 0.23 0.12 0.09 0.086 0.22 0.179 0.12 1.131 0999 1.25

state value
Source: Current research.

Most of the parameters were calculated by considering the steady-state
values of the variables in the static nonlinear equations of the model using Maple
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software. The rest of the parameters were estimated using Eviews software or
taken from other studies, as shown in Table 3.

Table 3. Calibrated parameters

Parameter Description value Source
B Intertemporal discount factor 0.965  Current research
The share of capnal services in the production of 04 Current research
intermediate goods
€ The share of capital in capital services 0.9 Current research
The share of labor in the production of intermediate
® goods 0.3 Current research
& The share of capital in the production of oil 0.9 Current research
o, The elasticity of the mtertemporal substitution of 12 Current research
consumption
om The inverse of the interest elasticity of real balances  1.25 Current research
The inverse of the interest elasticity of real foreign 13 Current research
Oms currencies held by different agents '
oy Frisch labor elasticity 2.9 Current research
9, The elasticity of investment adjustment costs 0.25 Current research
) The depreciation rate of private capital 0.0103  Current research
5¢ The depreciation rate of government capital 0.0233  Current research
6° The depreciation rate of capital in the oil sector 0.0137  Current research
0, The substitution elas_tlcny of domestic and imported 216 Current research
consumption by the households
The substitution elasticity of oil and non-oil
Be consumption by the households 0.103  Current research
The substitution elasticity of domestic and imported
O investment by the households 1.54 Current research
o, The substitution elast|CI_ty of d_omestlc and imported 1.39 Current research
production of inputs
9, The substitution elasticity of aggregator’s demand 6 Current research
from labor
6, The substitution e_Iast|C|ty of goods produced 297 Current research
domestically or exported
0, The substitution elas'glc_lty of government and foreign 001 Current research
oil investment
0. The substitution ela_stlcny of domestic and imported 2816  Current research
consumption by the government
01 The substlt_utlon elasticity of domestic and imported 2108  Current research
investment by the government
The share of domestic consumption in household
ac - 0.9 Current research
consumption
a, The share of energy in hc_)usehold domestic 0.075  Current research
consumption
o The share of world 0|Iir|;3(;:;e in domestic oil price 04 Current research
a The share of domestic investment in household 0.84 Current research

investment
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Table 3 (Continued). Calibrated parameters

Parameter Description value Source
The share of domestic investment in household
a; . 0.84 Current research
investment
a The share of dc_)mestlc |_nput_ in the production of 07 Current research
intermediate inputs
a The share of domestlcall_y supphe:d goods in the total 0.9 Current research
production of a firm
The share of domestic oil investment in the total oil 0.82 Current research
%o investment )
e The share of domestic consumption in government 0.9 Current research
consumption
e The share of domes:tlc investment in government 083 Current research
investment
Ty The degree of wage indexation 0.6 Current research
- The percentage of the labors not able to adjust their 0.7 Current research
wages
- The degree of price indexation in domestically 03 Current research
produced goods
vy The percentage of_the dor_nest_lc firms not able to 05 Current research
adjust their prices
Ty The degree of price indexation in goods exported 0.2 Current research
v, The percentage of the e>_(porF firms not able to adjust 05 Current research
their prices
o The degree of price |n(_19xat|0n in consumption goods 035 Current research
imported
The percentage of the consumption import firms not
Uem able to adjust their prices 0.5 Current research
. The degree of price |nd_exat|0n in the investment 015 Current research
goods imported
The percentage of the investment import firms not
Urm able to adjust their prices 0.5 Current research
i The degree of price |nd_exat|on in the production 015 Current research
inputs imported
Vs The percentage of the input import firms not able to 05 Current research
adjust their prices
The share of NIOC from crude oil export devoted to The Sixth
y° - 0.145 Development Plan
investment
of Iran
tv The income tax rate 0.0237  Current research
tve The consumption (value-added) tax rate 0.0212  Current research
Ppof AR (1) coefficient of world oil inflation rate 0.05  Current research
Prots The elasticity of worlc;)?r:lolr?flatlon due to Iran oil 0005  Current research
Ppf AR (1) coefficient of world inflation rate 0.05  Current research
AR (1) coefficient of intermediate production 08 Tavakolian &
Pa technology ' Ghiaie (2019)
D AR (1) coefficient of the monetary policy rule 0.4 Tavakolian &

Ghiaie (2019)
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Table 3 (Continued). Calibrated parameters

Parameter Description value Source
The coefficient of output gap in the monetary policy 17 Manzoor &
Py rule ’ Taghipur (2016)
The coefficient of inflation gap in the monetary 154 Manzoor &
Pr policy rule ) Taghipur (2016)
- . . Manzoor &
Drs AR (1) coefficient of target inflation rate 0.6 Taghipur (2016)
- . Tavakolian &
Ds AR (1) coefficient of the exchange policy rule 0.7 Ghiaie (2019)
The coefficient of foreign reserves ratio to the 155 Tavakolian &
Pss monetary base in the exchange policy rule ' JalaliNaeeni (2017)
The coefficient of inflation gap in the exchange 1.9 Tavakolian &
Psss policy rule "~ JalaliNaeeni (2017)
e AR (1) coefficient of government consumption 0.188  Current research

expenditures (fiscal policy rule)

AR(1) coefficient of government investment

Pig expenditures (fiscal policy rule) 0.336  Current research
The elasticity of government investment due to
Piga government debt to the CB 0.419  Current research
Dy AR (1) coefficient of financial costs of export 0.4 Current research
AR (1) coefficient of financial costs of the
Pem . . 0.4 Current research
consumption goods imported
AR (1) coefficient of financial costs of the investment
Prm . 0.4 Current research
goods imported
AR (1) coefficient of financial costs of the 04 Current research
Prnm intermediate inputs imported '
Prdio AR (1) coefficient of foreign direct investment 0.406  Current research
Doa AR (1) coefficient of oil production technology 0.8 Current research
Pox AR (1) coefficient of crude oil export 0.33 Current research

Source: Current research.

5. Performance of the Model

Following Khosravi and Mehrabi Boshrabadi (2020), we compared various
moments of the real data and the simulated values of the variables in the model to
evaluate the model fitness and precision. The moments of the real data were
selected from the 1997-2017 data, which were deseasonalized and detrended
using Hodrick-Prescott filter. The model was found to be suitable for simulation,
as shown in Table 4.
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Table 4. Second-order moments and the correlation of the variables GDP.

variable Description Correlation with GDP Variance
Real data Simulated data Real data  Simulated data
y GDP 1 1 0.0043 0.0051
C Private consumption 0.897 0.888 0.0035 0.0038
| Private investment 0.647 0.550 0.0129 0.0231
cg Government -0.222 -0.387 0.0036 0.0044
consumption
y o Oil production -0.299 -0.251 0.021 0.019
y_0Xx Oil export -0.472 -0.334 0.0514 0.0491
y_X Non-oil exports 0.295 0.321 0.0685 0.0563
T Inflation rate 0.584 0.513 0.0057 0.0061

Source: Current research.

6. Empirical Results

Before evaluating and comparing the monetary policies of the CB of Iran,
the IRFs of the shocks related to the imposition of oil and international financial
sanctions need to be presented in the form of the base model.

6.1 IRF Analysis

The IRFs in the base model were analyzed under the context of sanctions.
All equations were log-linearized and entered in MATLAB and DYNARE
software using calibrated parameters and the steady-state values of the variables
(Tables 3 and 4)

A sanction condition was considered, based on which the sanctions raised
the costs of export and import operation by 30% due to the point that inflation in
the import price index in the foreign currency (dollar) increased about 30% in
2012 and 2013 (CB of Iran, Time Series Database). Since we aimed to analyze
the simultaneous effects of sanction on the oil and trade sectors, we supposed that
the sanctions would decrease export, technology, and foreign investment in the
oil sector by 80% due to a reduction of about 80% in the amount of crude oil
export in 2012-2013 (CB of Iran, Time Series Database).

According to Figure 2, Oil sanctions reduced the export of oil, hampered the
transfer of technology that can be employed in the oil industry, and reduced
foreign investment by 80%. The decrease in the oil export caused by the sanctions,
in turn, decreased government investment in the oil sector by decreasing the share
of oil export revenues allocated to domestic investment in the oil industry. In
addition, foreign investment in the oil sector decreased. Thus, the total investment
dropped by about 35% and converged to a steady state after 30 periods, which
resulted in a reduction in capital accumulation. Decreased technology,
investment, and capital in the oil sector eventually led to a reduction of about 70%
in oil production. Given that Iran plays a pivotal role in the world oil market, the
above-mentioned negative effects led to an initial increase of about 35% in oil
prices, which was in line with the oil price data in 2011-2013. A decrease in the
export of oil decreased the foreign reserves of the CB of Iran and due to the
discretionary policies adopted by the CB of Iran regarding the exchange market
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during the sanctions period, the exchange rate initially increased by 48%, which
was in conformity with the rise in the exchange rate in 2012-2013, and returned
to a steady state after 14 periods.
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Figure 2. The IRF effects of sanctions on the oil sector and exchange rate.

Although a rise in the exchange rate and export price index increased
competitiveness between the domestically produced goods versus foreign goods
and encouraged export firms to develop their markets, international financial
sanction increased export transaction costs and trade friction, leading to an
increase in the marginal cost of non-oil exporting goods. Accordingly, the
inflation in the export price index initially rose 28% and the non-oil exports
decreased by about 80% and returned to a steady state after 20 periods (Figure 3).
This is in line with the real non-oil export data in 2012-2013. In the import sector,
there were two factors that caused an increase in the marginal costs of importing:
1) the international financial sanctions, which increased transaction costs and 2)
the rising exchange rate, which disappointed the importers because it increased
the import prices for domestic demanders. Therefore, the inflation rates of the
price index for the consumption goods, investment goods, and intermediate inputs
imported for the firms producing intermediate goods increased 34%, 44%, and
17%, respectively, and returned to their steady state after 20 periods. This is in
agreement with the positive growth observed in the imported goods price index
data in the winter of 2012 to the winter of 2014.
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Figure 3. The IRF effects of sanctions on non-oil exports and imports.

As shown in Figure 4, the marginal costs of domestic production increased
the inflation of domestically produced price index by 55% due to inflationary
conditions and uncertainty in the national economy, which, in turn, decreased
households’ and government’s demand for domestic products by 18%. That is in
line with the data in 2012-2013. The decline in the domestic products and non-oil
exports due to the oil and international financial sanctions eventually decreased
gross domestic products (GDP) by about 18%. On the other hand, the growth in
the price index of domestic production and imported consumption goods
increased the growth in the consumer price index and inflation rate. However, the
real monetary base declined significantly due to a decrease in the foreign reserves
held by the CB of Iran and the pressure of issuing currency by purchasing oil
export revenues. Stagflation in Iran, as manifested in the macroeconomic data in
2012-2013, confirms the simulation results. A drop in the real monetary base
shows that the CB of Iran’s priority was to control the inflation rate rather than
recession .
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Figure 4. The IRF effects of sanctions on domestic products, GDP, and inflation.
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According to Figure 5, the marginal utility of the households for saving
decreased. Therefore, household consumption increased by 12% while their
investment decreased by 4%. According to the statistics released by the CB of
Iran, private consumption and investment in 2012-2013 decreased, which is in
line with the simulation results of investment but not with those of consumption.
The government fiscal policy, despite the budget deficit caused by the decline in
oil exports, concentrated on increasing the government current expenditures and
preserving government investment expenditures to prevent recession and the
reduction of total household consumption. Thus, government consumption
increased by more than 6%, which is in line with data in 2012-2013. However,
government investment did not change, which is not in agreement with the 2012-
2013 data. Since the growth of nominal government debt was equal to the inflation
rate; thus, the real government debt to the CB of Iran did not change and the
government tried to finance the budget deficit by increasing the issuing of bonds
by about 22% and raising the nominal interest rate.

06 08 10 12 14 18 18 20 22

Figure 5. The IRF effects of sanctions on households and government.

6.2 The CB of Iran Optimal Monetary Policies

The CB of Iran can adopt different optimal monetary policies in the form of
optimal simple rule (OSR) instead of the current monetary policy. Thus, the CB
can choose between CPI-inflation targeting and PPI-inflation targeting monetary
policy in an optimal simple rule. Finally, three kinds of monetary policies will
remain to be adopted by the CB of Iran, including current monetary policy (CMP),
optimal simple rule with CPI-inflation targeting (OSR (CPI)), and optimal simple
rule with PPI-inflation targeting (OSR (PPI)). The CB of Iran can choose different
appropriate monetary policies that lead to less loss function value and implement
each of these policies at different stages during the economic sanctions period.
Based on the value of loss function in each of the monetary policies developed for
the economic sanctions period, as presented in Table 5, implementing an optimal
monetary policy could decrease the value of loss function significantly due to the
sharp drop in the variance of the simulation output while OSR could only have
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little effect on inflation. On the other hand, OSR with PPI-inflation targeting
seems to have a lower loss function than CPI, indicating that OSR (PPI) can be
the most appropriate monetary policy with the lowest loss function in the face of
economic sanctions shocks. This suggestion can be supported by the optimal
values of the parameters in the monetary policy adopted by the CB of Iran.

Table 5. Different monetary policies based on the values of the loss function

Monetary Variance Value of loss
policy Ty Ve zd 78 function
CMP 0.000101 0.093944 1.447166 0.013995 0.094045

OSR(CPI) 0.000108 0.014336 1.940028 0.030620 0.013608

OSR(PPI) 0.000109 0.012770 2.234046 0.033313 0.012753

Source: Current research.

There are two parameters in the monetary policy function of the CB of Iran
that show the importance of inflation and output in monetary policy-making. In
the current monetary policy, the values of -1.54 and -1.7 were considered for the
importance coefficient of inflation and output, reflecting a countercyclical
monetary policy. In fact, the CB of Iran was found to increase the growth rate of
the monetary base when the inflation rate and output increased during a period of
economic prosperity; also, the CB of Iran was found to decrease the growth rate
of the monetary base when the inflation rate and output decreased during
economic recession as to push inflation rate and output toward a steady state.
According to Table 6, in an OSR (CPI) monetary policy, the CB of Iran should
consider -0.79 and -11.9 as the optimal values of the importance coefficient of
inflation and output. This means that the CB of Iran should concentrate more on
the output than on the CPI inflation fluctuations because economic sanctions have
greater effects on output than on the variance of inflation. In an OSR (PPI)
monetary policy, the CB of Iran should concentrate more on the variance of output
than on the variance of inflation. The value of the importance coefficient of
inflation and output is -2.3 and -30.8, respectively (Table 6).

Table 6. The optimal value of parameters in the monetary policy

; Pr Py
Monetary policy coefficient of inflation coefficient of output
Current -1.54 -1.7
OSR(CPI) -0.79 -11.9
OSR(PPI) -2.3 -30.8

Source: Current research.

7. Concluding Remarks

The present study aimed to analyze the effects of international financial and
oil sanctions in a New Keynesian DSGE model. The parameters were calibrated
by geometric means of macroeconomic data and estimation information. All
equations were log-linearized. The empirical results indicated that the tightening
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of economic sanctions, including oil and international financial sanctions, could
have detrimental effects on export, technology, foreign investment, and ultimately
production in the oil sector. This finding is in line with those of Derakhshan’s
(2014) study. The results also showed that the ratio of foreign reserves held by the
CB of Iran to the monetary base decreased; thus, the exchange rate increased due
to the decline in the oil export. This finding is consistent with those reported by
Rahmati et al. (2016) and Tayebi and Sadeghi (2017). On the one hand,
international financial sanctions raised the export costs and decreased non-oil
export, which is in agreement with what Farzanegan et al. (2016) and Khabbazan
and Farzanegan (2016) observed in their studies. On the other hand, the increase
in the import costs and the inflation of imported goods decreased importing
consumption and investment, which is consistent with the results of Eyler’s
(2007) and Toghyani and Derakhshan’s (2014) studies. GDP dropped due to the
decrease in non-oil domestic production and export, oil production, and oil export,
which signifies an increase in the inflation rate and stagflation. This is in line with
what was reported by Rahmati et al. (2016) and Dizaji (2014). In order to cut the
budget deficit, the government endeavored to generate more revenues by issuing
more bonds, a finding which is not confirmed by what was suggested by Sadeghi
and Tayebi (2018), who emphasized on government debt than bonds. The
government raised consumption expenditures and held the investment
expenditures constant by focusing on domestic products, which is in line with
what Gurvich and Prilepskiy (2015) and Marzban and Ostadzad (2015) reported
in their studies.

Although the implementation of optimal instead of current monetary policy
in the form of OSR by minimizing CBI loss function means focused attention on
the inflation and output gap during the economic sanctions period, such a policy
decreases the value of loss function dramatically both in the CPI and PPl monetary
policies. Following the shocks caused by economic sanctions, the CB of Iran
should implement the OSR (PPI) monetary policy due to higher fluctuation in the
output than in the inflation gap. Accordingly, the CB of Iran is recommended to
increase the optimal value of the importance coefficient of output in the monetary
policy reaction function, which is in line with was suggested by Faraji et al.
(2015).

Based on the evidence presented in the current study, the following
recommendations are made:

- During the sanctions period, investment, which is necessary for the
manufacturing sectors and growth in the long-run, is reduced due to a
decrease in the household and oil investment. Therefore, the policy-makers
should develop some policies and strategies to confront this lack of
investment;

- The decline in the government and foreign investment in the oil sector can
have destructive effects on the process of oil production, especially for the
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Iranian oil fields which face pressure depletion. The policy-makers should
go toward domestic resources and the capacities of the political partners;

- The government should concentrate on the downstream sector of the oil
industry, especially by developing refineries, during the oil sanctions period,;
otherwise, it will not be able to export a large amount of oil produced;

- The government should pay more attention to the households in the
stagflation period by redistributing income policies;

The CB of Iran should focus more on the output to decrease its loss function
during the economic sanctions period.
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