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Abstract >

In this article, with the aim of investigating the impactwofithe international sanctions shock on the nominal
exchange rate variable and other selected macroegenomic variables of Iran, and then the impact of the
nominal exchange rate shock on selected macroegenommic variables, an appropriate model of the Iranian
economy was designed within the framework ofla dynamic stochastic general equilibrium model with a New
Keynesian approach and solved using the ealibration method.

In order to ensure the reliabilityyof th€model results, the second-order moments of the main variables
based on real data were compared withithie second-order moments of the simulated values of those variables,
and the instantaneous response functions of the variables to the model impulses were examined.

The results of this study,indicate that'the increase in the intensity of international sanctions has significant
effects on macroeconomic variables imithe form of a decrease in foreign exchange earnings from oil exports,
a decrease in the ratio ofithe/eentral bank's foreign reserves to the monetary base, and an increase in the
nominal exchange rateyleading to a decrease in the export of intermediate goods (non-oil exports). Also, an
increase in the neminall exchange rate leads to an increase in the export of intermediate goods (non-oil
exports), a decrease dn the import of consumer goods, a decrease in the import of capital goods, a decrease
in the import ofiintermediate inputs, and an increase in total production (GDP).

Keywords: Exchange rate, economic sanctions, dynamic stochastic general equilibrium model, New
Keynesian school



1- Introduction

Economic sanctions have a significant impact on the exchange rate, affecting the amount of foreign
exchange inflows and outflows through a direct impact on exports and imports. By intensifying sanctions
and creating obstacles in the path of exports, imports, and foreign exchange transfers, the amount of foreign
exchange supply and demand is affected, leading to currency fluctuations (Vortabian Kashani, 2013). Oil
sanctions reduce oil exports and reduce government revenues from oil exports (Rahmati et al., 2016), which
on the one hand, due to the dependence of the majority of government revenues on oil exports, including the
sale of crude oil and petroleum products, causes a government budget deficit, and due to the stagnation of
economic activities under sanctions and insufficient tax revenues, it leads the government to borrow from
the banking network or withdraw from the reserves of the central bank, and can even cause the central bank's
foreign exchange policies to deviate from maintaining the value of the national curremcy,,towards a
devaluation of the national currency or an increase in the exchange rate to compensateyfon theygovernment
budget deficit (Darakhshan, 2014). On the other hand, due to the reduction in the gountry's foreiggn\exchange
resources resulting from the reduction in oil exports and the reduction in the supply, of foteign exchange in
the market, the exchange rate increases (Nademi et al., 2017). International financial sanctions mainly focus
on the banking network and the central bank to prevent international financial transactions and also to limit
the use of international financial messengers to access services related to finaneial transactions (Taibi and
Sadeghi, 2017). By increasing the risk of transactions between other cQuntriesiand the banking and financial
network of the target country, international financial sanctions have led to the expansion of financial
activities in the informal sector, which in turn increases the risk 6f foreig{1 exchange transfers due to the use
of informal and insecure methods and increases the cost of ttade transactions and international financing
(Eyler, 2007). Due to the non-return of a significant percentagefof foreign exchange resources from oil
exports under central bank sanctions, there is a possibility ofidisruption in the central bank's foreign exchange
policy because in these conditions, the central bank'sgability'to manage the foreign exchange market in a
managed float from the foreign exchange supply side dﬁ\creases, leading to an increase in the exchange rate
(Darakhshan, 2014).

By imposing unfair sanctions as an extefhal factor, the exchange rate increases significantly (Pourfathi
and Kafaei, 2019). With an increase in the exchange rate, the price of the country's exported goods in foreign
markets decreases, and as a result, the demarid for these goods increases, leading to an increase in exports.
Hence, domestic production is direeteditewards foreign markets and a smaller share is sold in the domestic
market. As a result, domestic marketsdface a decrease in supply, and therefore, prices increase. In addition,
with an increase in the exchange ratéj the price of imported raw materials and intermediate inputs increases.
This increases production costs ‘and(causes production to decrease, and in industries where production is
largely dependent on importeg intermediate inputs, with an increase in the price of imported intermediate
inputs, there is an expectation of an increase in the cost price of goods, and this increase reduces the
competitiveness 6fidomestic production in foreign markets and reduces exports. On the one hand, an increase
in the exchang@ratelincreases the competitiveness of domestically produced goods in foreign markets, and
on the other hand, an increase in the price of exported goods due to an increase in the price of imported
intermediate, inputs due to an increase in the exchange rate reduces the competitiveness of domestically
producedﬁ(l)ods in foreign markets. The result of market forces in the general equilibrium model of the
Iraniamyeconemy determines the increase or decrease in the country's exports (Davoodi and Sezavar, 2022).

This study attempts to examine the impact of the international sanctions shock on the nominal exchange
rateWwariable and other macroeconomic variables of Iran, and then analyze the impact of the nominal
exchange rate shock on Iran's macroeconomic variables by using a dynamic stochastic general equilibrium
model with a new Keynesian approach.

The practical advantage of the method used in the present study over other studies, especially domestic
studies, is that this study is one of the few studies that uses the New Keynesian dynamic stochastic general
equilibrium model to analyze the effect of international sanctions shocks and exchange rate shocks on
selected Iranian macroeconomic variables.

2- Theoretical foundations
2-1- How economic sanctions affect the exchange rate

International trade and international finance are interconnected through the balance of payments channel.

Trade sanctions indirectly affect the financial markets of the target country. Financial sanctions also



indirectly affect the commodity markets of the target country. When the sanctioning country restricts the
target country's access to its financial resources, it actually reduces the supply of funds and increases the
financing costs for the target country. Another form of financial sanctions involves reducing or cutting off
income from assets of the target country held by the sanctioning countries, known as asset freezes. These
types of sanctions can have a significant impact if the target country uses the financial markets of the
sanctioning countries (Eyler, 2008).

The freezing of the assets of the Central Bank has been one of the first effects of the sanctions. As a
result, the country's assets are frozen in all kinds of accounts in Iranian banks or with other banks, because
any financial institution, since it ultimately belongs to the Central Bank, is affected by the sanctions. Another
important consequence of the Central Bank sanctions is the disruption of monetary policies. Disruption of
foreign exchange policy can be another result of the Central Bank sanctions, because in suchicircumstances,
the Central Bank faces a shortage of foreign exchange reserves and loses the ability to effectivelymntervene
in the market in order to maintain the value of the national currency. The freezing and freezing\oﬂ‘revenues
from oil exports is also one of the results of the Central Bank sanctions (Vesali and Torabi,QOIO). The lack
of full access to foreign exchange resources not only increases government costs, but also makes a significant
part of government revenues practically unusable (Pahlavani et al., 2014). In addition, ‘banking sanctions,
especially the Central Bank sanctions, pose problems for the country's monetary\transactions and cause
widespread disruptions to the country's commercial activities, thus setiously distupting revenues from non-
oil exports (Nademi et al., 2017).

The transmission of negative oil shocks to the foreign exchange market, given the dominant share of
foreign exchange earnings from oil exports in the country's foreign exehange reserves, has caused significant
fluctuations in the exchange rate. Since the share of foreign exchange carnings from non-oil exports is very
small and there are no alternative foreign exchange sources, the“exchange rate is more susceptible to oil
shocks. Given this, the Iranian economy is affected by, eve{ts that affect oil exports, including economic
sanctions (Taibi and Sadeghi, 2017).

Under the conditions of increasing sanctiQns pressxkrkand the resulting uncertainty from the channel of
limiting oil sales and foreign exchange carnings, the exchange rate is affected upwards, which in turn
increases production costs due to the increase in the price of imported raw materials and capital goods, and
restricts non-oil production and exports. Evensanctions on the supply of certain goods, as well as sanctions
in the interbank and financial transactions\sector, and the like, restrict access to capital goods, which in turn
puts pressure on the market for.export products, and in the subsequent stages, its negative effects are
transferred to different sectors of'theycconomy (Keshavarz Haddad et al., 2010).

Exports are consideted one of.the most important sources of foreign exchange supply in any country. If
the export of goods and serVJQes is'one of the areas of economic sanctions, then it is expected that foreign
exchange resources, whichhare themselves import requirements, will be disrupted. Export sanctions can be
extremely dangerous afnd damaging when export diversification in the target country is low (Gershasbi and
Y ousefi Dindatlooy20/16):

Financial andfeurrency sanctions have significant effects on the country's monetary and foreign exchange
system (Dreisneryg’1999). Economic sanctions affect the country's foreign exchange market and foreign
exchange rescrves. They also directly affect other markets and speculative attacks, but economic sanctions
indirectlyEffect the country's foreign exchange reserves, other markets, and speculative attacks through the
foreign, exchange market. Speculative attacks also affect the economy on the foreign exchange market,
foreigh exchange reserves, and other markets (Pourshahabi, 2014).

In fact, economic sanctions have three direct effects on the foreign exchange market, which are: an
increase in the real exchange rate, an increase in the gap between the official exchange rate and the free
market exchange rate, and an intensification of exchange rate fluctuations (Nademi et al., 2017). Foreign
exchange sanctions increase the gap between the nominal and real sectors, because if foreign exchange
transactions are not carried out on time, these transactions must be carried out through mechanisms other
than SWIFT or using other currencies. This can lead to corruption, delays in transactions, and increased costs
associated with them (Bastanifar, 2016). The exchange rate gap strengthens the rent-seeking process in the
foreign exchange market, and this phenomenon can direct stray liquidity towards speculative transactions in
the foreign exchange market and the use of multi-rate currency rents instead of being absorbed in productive
activities. This phenomenon itself contributes to a sharp increase in the exchange rate and the formation of



inflationary expectations in this market. Another mechanism by which sanctions affect the foreign exchange
market is an increase in the exchange rate due to a decrease in foreign exchange resources and the supply of
foreign exchange in the market (Nademi et al., 2017).

2-2- How economic sanctions affect exports and imports

Depending on their type, sanctions can affect exports in different ways (Esmailpour et al., 2023):

A) Direct trade sanctions, due to the existence of legal barriers in the sanctioning countries, cause these
countries to cut off or reduce their imports from the target countries. On the other hand, increasing the risk
of importers from the sanctioned exporting country prevents countries from exporting non-oil products,
which can be due to the fear of punishment and sanctions from large economic countries (countries such as
the United States, which have large economies, meaning their export and import volumes are very significant
and are important for most economic enterprises).

B) Financial sanctions, commercial banks, and the central bank make it very difficult.and eveneliminate
the possibility of trade for exporters from sanctioned countries and importers from destination‘eountries, as
a result of which the country's exports decrease.

C) Sanctions on knowledge and technology can reduce the possibilityyof exports by reducing the
production capacity and competitiveness of exporting companies in competition,with other exporting
companies. However, given the ability to circumvent these types of sanctions, their effectiveness is low.

The high dependence of production on imports of various raw materials; intermediate inputs, and capital
is one of the ways in which sanctions expose a country's economy to potential‘threats. Even if sanctions do
not lead to a cut in imports, the cost of domestic production will incr%se due to increased import costs,
which will increase domestic price levels and reduce the“eompetitiveness of manufactured goods in
international markets. On the one hand, imposing sanctions on imperts can lead to a decrease in the amount
of imports and, on the other hand, increase import costs pegspecifie, volume.

2-3- How exchange rate changes affect expoxts andx'kmports
The current balance model in terms of the domestic currqlcy is introduced as follows (Vaez, 2019):
CA =PX —RP'M AN @Y

So that P is the price of exported goods in, terms of domestic currency, X amount of export, R of the
exchange rate, ie the number of units required bz the national currency to exchange with a foreign currency,
P* is the price of each unit of imported goodsiin terms of foreign currency and M is the amount of imports
from abroad. The level of foreign and domestic prices can be written in a normal way (ie, divided by the
price of each unit of domestic goods)sso the first sentence will be x and the second sentence will be rm.

CA=x—rm (2)
If a complete differentialiis taken'from Equation (2) to express the complete change, then:
dCA = dx — rdm —mdr\ (3)

By dividing the parties, we will have a relationship (3) to dr:

dr dr  dr dr )

This"relatienship)can be shown in terms of export and import tensions. To do this, two tensions are
introduced: exporttension and import traction.
Thepricetelasticity of the export demand:

dx
% dr

nx=E_)dx=nx7x (5)
r

As it is clear, this elasticity indicates the percentage change in exports to the percentage change in the
exchange rate. As a result of export changes in terms of export elasticity (price elasticity of demand for
exports) is obtained in the form of (5).

The price elasticity of imports:

dm
i dr

77m=E—’dm=—77m7m (6)
T



The price elasticity of demand for imports is equal to the percentage change in the amount of import to
the percentage change in the exchange rate, which ultimately achieves the amount of import change in terms
of import elasticity.

Now the relations (5) and (6) are placed in the relationship (4):

dCA x

W:nx;'i'(nmm)_m @)
If we multiply the sides by —, we will have:

dCA 1 x1

T =Myt —1 ®
If we assume that we are in a trade balance situation:

xX=rm C))

In other words, the value of imports in terms of the foreign currency multiplied by the ‘exchange rate is

equal to the value of exports in terms of the national currency. According to the@bove assumption:

dCA

W =m@yx +Mm — 1) (10)

Given that m is always positive in terms of trade, the phrase in parentheseswill be\positive when the sum
of the export and import tensions is greater than one.

Nx+1Mm > 1 (11)

The final result is known as Marshall-Lerner. In other words, the ‘Marshall-Lerner condition indicates
that the increase in the exchange rate or the devaluation of the national %ﬁ*{ency improves the current balance
when the total price elasticity of foreigners for our export goodsiand the price elasticity of domestic demand
for imported goods are greater than one. In other words, the condit\l‘on for achieving the desired changes in
the balance of payments by changing the exchange rate is,to\establish this condition.

In simple terms, if the current balance is in the deficit, if the Marshall-Lerner condition is met, the current
balance deficit can be eliminated or reduced by incteasing the exchange rate.

In short, following the increase in the exchange rate;events occur in three stages. The first stage is called
the price effect, the second stage is called thewalue.effect and the third stage is called the net effect.

Price effect: The price effect appears il s@ha way that when the exchange rate increases, this increase
reduces the price of exported goods offered in foreign target markets and on the other hand increases the
domestic price of imported goods and these two intensify the initial deficit in the current level. In other
words, the effect of the policy of'change in the exchange rate, in the event of a deficit in the current balance,
intensifies it, because the monetary value of exports decreases and the monetary value of imports increases.

Quantitative effect: Asya resultiof the increase in the exchange rate, the exchange rate of each unit of
domestic export in foreign,target markets decreases, and therefore the demand of foreigners for the import
of domestic expotts incx{ases, ie the amount of exports increases from inside to outside. Likewise, as a result
of the increase in the domestic price of imported goods, the amount of imports from abroad is reduced.

Net effect: Theythird net effect is two high effects. In fact, the net effect is expressed as the sum of the
two tensions. In other words, if the sum of two elasticities is more than one, that is, the price elasticity of
foteignersiton our-export goods and the price elasticity of domestic demand for imported goods, the effect
of quantitative over the price effect prevails, and as a result, the increase in the exchange rate reduces or
eliminates the initial deficit in the current level.

If we define the exchange rate as the value of a foreign currency compared to a country's domestic
currency, then if the exchange rate increases, the price of imported goods in the country's domestic currency
will increase. As a result, the demand for these goods will decrease. In addition, as the exchange rate
increases, the price of the country's exported goods in foreign markets will become cheaper, and thus, the
demand for these goods will increase. So, with a decrease in imports and an increase in exports, net exports
and, consequently, GDP are expected to increase (Fouladi, 2012).

An increase in the exchange rate will increase the price level of imported goods in the domestic market,
so it is expected that the demand for these goods will decrease and the demand for domestically produced
goods will increase. In addition, with an increase in the exchange rate, the relative price of the country's
exported goods in foreign markets will decrease, and as a result, the demand for these goods is expected to
increase. As a result, domestic production may be directed to foreign markets and a smaller share will be



sold in the domestic market. Due to the increase in the price of imported goods and the decrease in domestic
supply, domestic markets will face a decrease in supply and therefore prices will increase.

Therefore, it is generally expected that domestic production will increase, imports will decrease, exports
will increase, and the domestic price level will increase. In addition, with the increase in the exchange rate,
the price of imported intermediate inputs will also increase, and therefore, in sectors and industries where
production is highly dependent on imported intermediate inputs, there is an expectation of an increase in the
cost price of goods, and this increase may reduce the competitiveness of goods in foreign markets and
intensify the increase in domestic prices.

3- Research background

Various domestic and foreign studies have been conducted on the impact of international sanctions on

selected macroeconomic variables in Iran, of which only some of the most important are mentioned below:

AN
Author Title Method and results N\
Kioumarsi et | Examining the effect of | This study examines the impactiof finaheial and energy
al. (2019) financial and energy | sanctions on the output gap jin the Tranian economy. For
sanctions on the output gap in | this purpose, a New Keynesian Jstochastic dynamic
the Iranian economy general equilibrium model has\béen used. The results of
this study show that ¢he “imposition of economic
sanctions has, or the, on€ hand, reduced investment
spending, total cofisumption, and capital formation, and
on the other hand, increased production costs, and as a
result, the output\gai&n the economy has increased.
Ludati  and | Identifying the effects of | Thisstudyexamines the impact of sanctions by using a
Sons (2021) sanctions on the Iranian | new measure of sanctions severity based on newspaper
economy using newspaper cove}age from 1979 to 2021, using the GVAR method.
coverage The findings of this study show that real household
Q spending in most urban areas of Iran has decreased more
"\ | than in rural areas. Sanctions have also had significant
N effects on exchange rates and inflation. In addition,
sanctions have had significant negative consequences on
employment, labor force participation, and secondary
education in Iran.
AN
AN
Dizji andyj, Will, sanctions limit Iran's | This study examines the role of sanctions on military
Farzanegan military spending? spending in Iran using data from 1960 to 2017 and using
(2021) the ARDL model. The results of this study show that
increasing the severity of sanctions has had significant
AN negative effects on Iran's military spending in both the
short and long term.
Salehi Iran under sanctions, the | This study examines the impact of sanctions imposed on
Istahani impact of sanctions on | Iran since 2010 on household consumption and
(2021) household  welfare  and | employment. The findings of this study show that
employment although household income and consumption have been
hit hard, employment in Iran has shown greater
resilience. The impact of sanctions on the Iranian
economy has been twofold, both reducing government
revenues from oil exports and reducing Iran’s trade with
the world.
Zarei et al.| The impact of international | The present study examines the simultaneous effects of
(2024) sanctions on the Iranian | various types of economic sanctions along with the role
economy with emphasis on | of the National Development Fund on Iranian economic




the role of the National
Development Fund: Model
Approach (DSGE)

variables. For this purpose, a dynamic stochastic general
equilibrium model based on the New Keynesian
approach has been used. The results show that the
imposition of export sanctions on non-oil goods and
imported intermediate goods has had the greatest impact
on employment, wages, inflation, and total output. Also,
the results indicate that the National Development Fund
has not been able to play an effective role in reducing
currency fluctuations caused by sanctions and has lost its
effectiveness in the Iranian economy.

Various domestic and foreign studies have been conducted on the impact of exchangeirate @hanges on
selected Iranian macroeconomic variables, of which only some of the most important are mention{:d below:

N\

Author

Title

Method and results -\

Apollos et al.
(2015)

Exchange rate fluctuations
and economic growth in
Nigeria

This study examines the telatienship between GDP,
exchange rate, exports, impotnts and inflation rate in
Nigeria from 1986 to 2013.““The results of the
econometric model estimatéshow that there is a positive
and significant relationship” between GDP, exchange
rate and exports.“The results also show that exchange
rate fluctuations,‘have had an impact on Nigeria's
economic growith.

Aziznejad and
Komijani
(2015)

Exchange rate changes and
their effect on the fluctuations
of selected macroeconomic
variables in Iran

The present study has investigated the effects of
exchange rate fluctuations on some macroeconomic
Variables\using the vector autoregressive (VAR)
method. The results of this study indicate that real
exc}}ange rate fluctuations in the Iranian economy have
had the greatest impact on changes in short-term deposit
interest rates. Also, after short-term deposit interest
rates, the greatest changes in producer inflation rates
have also been explained by changes in real exchange
rates. Economic growth is positively affected by
exchange rate changes in the short and long term and
negatively affected by exchange rate changes in the
medium term.

Habib et al.
(2016)

N

ReeXamining the relationship
between real exchange rates
and) economic growth using
external instruments

This study examines the impact of real exchange rate
changes on economic growth using mixed data
regression over the period 2010 to 2015 in 150 countries
in the post-Bretton Woods monetary system. The results
of this study show that an increase in real exchange rates
significantly affects the annual economic growth of
developing countries.

Aman), \Ola,
Khan and
Khan (2017)

The relationship between
exchange rate and economic
growth in Pakistan (an
econometric approach)

The present study examined the relationship between
exchange rate and economic growth using the
simultaneous equations method in Pakistan from 1976
to 2010. The findings of the present study show that an
increase in the exchange rate has increased economic
growth by strengthening export incentives, increasing
investment volume, inflow of foreign direct investment,
and strengthening import substitution.

Kohnsal and
Mahmoudi
(2019)

Investigating exchange rate
fluctuations on exports and
value added of Iranian food
industries (using structural
vector autoregression model)

The present study examined the effect of exchange rate
fluctuations on Iranian food industry exports within the
framework of a structural vector autoregression model
during the years 1971 to 2014. The results of the present
study show that exchange rate fluctuations increase
export volume only in short-term periods and in




subsequent periods cause a decrease in the activity of
exporters compared to importers, which results in a
decrease in the volume of food exports.

4- Specifying the pattern

The research model consists of the following sections: household, labor market, intermediate goods
producing firm, trade including exports of intermediate goods and imports of consumer goods, capital goods
and intermediate inputs, oil, government and central bank, and the goods market settlement condition. Each
section is explained in detail below, and the equations related to each section are presented.
4-1- Household

A point that is assumed in the context of modeling the household sector is the similazity of.household
preferences, which is called the assumption of household homogeneity or symmetry.,This ‘@ssumption is
important because by analyzing the behavior of a typical household, the results obtained can be.generalized
to other houscholds. It is also assumed that the life of the household is unlimited.The household gains utility

from consumption (C;), holding real money balances (%), and loses utility through labor supply (L;). The
t

household utility function is defined as follows (Tavakolian and Sarem, 2017): .
® C —H 1-o0, M 1-om L 1+0;

Ut=EtZﬁt[( t t) n Xm ( t) o t ] (12)
t=0

1-o, 1—0m?t 1+o0

Where, f is the subjective discount factor, C; is the consumptign indéx, M, is the nominal money supply,
P; is the price index, and L; is the household labor supply. o, isithe,inverse of the intertemporal substitution
elasticity of consumption, o, is the interest elasticity of demandfor real money balances, and o; is the
inverse of the labor supply elasticity. H; is the consumptionizhabit variable and is defined as H, = hC;_4,

where h is called the habit stability parameter. N\
The real household budget constraint is defined as follos(s:
My A b4 N\ k
Ct + It + mt + bt = WtLt + + (1 + lt_l)n'— + (Tt Zth—l - W(Zt)Kt—l) - tat (13)
t t
Where, m; = % is the real money balance‘ibt = % is the real amount of bonds, w; = ? is the real wage
t t t
rate, m; = PPt is the gross inflation{gateyiy 1S the nominal interest rate, 1 is the rate of return on capital, Z,
t—1

is the rate of capital utilization, K¢_,.is the volume of capital, W(Z,) is the cost of capital utilization, and ta,
is the tax paid by households.
The capital accumulation‘gelationship'is also defined as the second constraint of the household as follows:

Nl
Ke=(1-8)K._4+ 1{1 S (gt—lt)] (14)

t—1

Where, § i§itheddepreciation rate of private capital, &/ is the investment impulse, and S (zi) is the
t—-1

investment,adjustment cost function.

The household's'goal is to find optimal paths for consumption, labor supply, real money balances, bonds,
investment, capital utilization rate, and capital stock such that the household's utility function is maximized
subjeet to the household's real budget constraints and the capital accumulation relationship. The Lagrange
function\of'this problem is defined as:

e z ge[[Ce—HD™ | m (%)Hm L
tt—O 1—o, 1—0o, \P; X11+cr,

me_ b,_
+ At [WtLt + T[t:' ! + (1 + it—l) 7t'[ ! + (Tthth—l - W(Zt)l(t—l) - tat - Ct - It - mt
t t ;
el
t—-1

Where, 4, is the Lagrange coefficient associated with the real household budget constraint and y, is the
Lagrange coefficient associated with the capital accumulation relationship.
The first-order optimal conditions for this problem are:



ac, - 0-(C,—H) % —2,=0 (16)
oL
—=0- _XlLto-l + /1tWt =0 (17)
oL _ =0 - yp(m)™"m — A, + BE; az =0 (18)
amt Teyq
oL
o =02 —A+B(L+i)E A (19)
dab, Tet+1
aL el el (el Lo \* el
7 =0-> A +pu — .Ut5< > pele——$ ( . t) + :BEt.ut+1€t+1( Hl) 5l< e Hl) =0 (20)
ol Iy Loy \le—1 Iy I
oL x
0Z, N
L t+1 ¢

K. =0->Ep [At+1 (Tt+1Zt+1 l’U(Zt+1)) + e (1 — 5)] Btu, =0 AN (22)

t
By placing Equation (16) in Equation (17), the labor supply equation is obtained as“follows:

L AN

Vo= — H) o (23)

By placing the equation (19) in relation (18), the money demand equation is‘obtained as follows:
Xm(m)™om i
= 24
(Cc—Hy o 1+i, ' @9
By placing Equation (16) in Equation (19), the Euler equation of€onsumption is obtained as follows:
Ciy1 — Hepq) 7%
p1+ i G e ™y (25)
Tt+1 AN
By placing Equation (19) in Equation (20), the investment equation is obtained as follows, in which, g,
is the final rate of Tobin and equal to the ratioyof Lagrange coefficient of capital accumulation to Lagrange
coefficient of budget constraint.
el &l el 1 Ipyq 2 €r1lest
[, —S E ( ) Sl1l————)=1 26
qe — qtS <1t 1) qt T <1t ) t‘%+1€t+1 I, 1, (26)
By substituting equation (19) inte eqﬁatlon (22), the equation for capital price dynamics is obtained as
follows, where {; = 1 + 1% + ITy =8 (which is actually the gross nominal interest rate of capital) and in

this relation I, = m, =1, whieh isthe net inflation rate.
fen [Tt+1Zt+1 L'U(Zt+1)\'|' qes1 (1 — 5)] =q (27)

Accordlng to gesearehn(Nakhli et al., 2020), household consumption is assumed to be a combination of

domestic and imported goods, and accordingly, the household consumption index is expressed as follows:
6¢
1 6.<1 1 0.-116.-1
Cr = | 2e€ Ut (1 — a,)0eCl™ Oc (28)

Where>\Ct‘i is the index of consumption of domestic goods, C{™ is the index of consumption of imported
goods, &, 1s the share of domestic consumer goods in the household consumption index, and 6, is the
elasticity of substitution between domestic consumer goods and imported consumer goods. The household's
goal 1s"to find the optimal combination of consumption of domestic goods and imported goods, such that
total expenditure is minimized. The mathematical form of this problem is as follows:
m1n P.C, — Pfecg — pfmcm
Ct Ct

(29)

6.
1 6.-1 1 -1 9(:_1

s.it. Ce=|alCl 0% +(1—a)leC™ O

From solving this problem, the optimal demand functions for the consumption index of domestic and
imported goods are obtained as follows:



ped\ 7%
Cf = ac (P_> Ct (30)
t

cm —0c
r=(1-a) (—) C, 31)
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Where, Pf¢ is the price index of domestic consumer goods, Pf™ is the price index of imported consumer
goods, and P; is the price index of total consumer goods.

By substituting the optimal demand functions into equation (28), the total price index of consumer goods

is obtained as follows:
1

P = (P47 + (1 = a ) (PEmy =0 e (32)

According to research (Nakhli et al., 2020), household investment is assumed to be a,combination of
domestic and imported goods, and accordingly, the household investment index is expressed @sdollows:

a6 + (1—a)bi™ 6

1 6-1 1 6-1 % AN
Iy = [ ] (33)

Where, If is the domestic investment index, I{"* is the imported investment ir}iex, a; is the share of
domestic capital goods in the household investment index, and 6; is'the ¢lasticity of substitution between
domestic capital goods and imported capital goods. The household's gealiis to‘find the optimal combination
of domestic and imported capital goods investment, such that totKI expenditure is minimized. The

mathematical form of this problem is as follows: AN
min P I — P{?I¢ — P/ \
et
(34)
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From solving this problem, the optimali'demand functions for the domestic and imported goods
investment index are obtained as follows: AN

N
Iéi =ap (P_> Iy AN (35)
t
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Where, P/¢ is the domestR\capital goods price index, P/™ is the imported capital goods price index, and
P; is the total capital go%ls ptice index.
By substituting the optimal demand functions into equation (33), the total price index of capital goods

is obtained as follows:
1

Po= [a)RI4) 5 (1 — ey (Pimy-or] (37)

4-2-Labor market

Inspired by the research (Erseg et al., 2000), the labor market is a monopolistic competition market where
households supply their differentiated labor to intermediary firms. Each household is a monopolistic supplier
of labor who can determine its own wage and determine the amount of labor supplied in proportion to the
determined wage. According to the method (Digit and Stiglitz, 1977), it is assumed that there is a labor
aggregator who rents differentiated labor from households and transforms them into a homogeneous factor
of production L, using the following technology:

1 0,-1 %
L, = U L, (i) 6w di) (38)
0

where 6,, is the constant substitution elasticity between different labor forces. The goal of the labor
aggregate is to choose the amount of labor force such that its profit is maximized.
The above problem is expressed as follows:
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(39)
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From solving this problem, the optimal aggregate demand function for labor from the labor force of the
i household is obtained as follows:

-\ —6
W)\
L.(i) = L 40
10 ( W ) : (40)
By substituting the optimal demand function into equation (38), the total nominal wagg, index is\obtained
as follows: .
1 AN
1 -0, N
W, = ( f W, (i)~ 0w di) (41)
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Households are assumed to be wage setters in the labor market becauseshey,supply their labor under
monopolistic competition, but it is not possible for them to always adjust their’\wages optimally in each
period. The probability that a representative household can adjust, itsywages, optimally is (1 —v,,), but
households that do not have such an opportunity to adjust their wages are assumed to set their wages for the
next period according to a rule of thumb, adjusted for inflation: AN
W1 (D) = ()W, (D) (42)

where 1, is the degree of wage indexation. The percentage of' houscholds that do not have the opportunity
to adjust their wages optimally will index their wages according toequation (42) until an opportunity for
optimal adjustment arises in future periods. To determine their optimal wage, households behave in a way
that maximizes their utility from work, assuming that th€y will not be able to adjust their wages for several
future periods with probability v,,. The mathcmatical form of this problem is as follows:

Xl , , .
rwr}t%?)( E; ;(ﬁvw)s Agiys [_ To_lLt+S (l)iql + At+sWt+s(l)Lt+s(l)]

(43)
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s.t. Lyg(i) = (—— _

Given that in each period,, percent of households cannot adjust their wages and only (1 — v,,) percent
of them will be able to adjust\their wages, the total nominal wage index is defined as follows:

1
Wy = [(1 - Uw)(Wt*)l_\aW i Uw((ﬂt—1)TWWt—1)1_9W]1_9W (44)

Using the first-order optimal condition of problem (43) and equation (44), the wage Phillips curve is
obtainedas follows:
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4-3- Intermediate goods manufacturing firm
According to the research (Block and Brown, 2018), the intermediary firm produces the intermediate
good Y{*°(j) using private capital input K;_;(j), labor input L;(j), government capital input KG,_, and
intermediate inputs In;(j). The production function of the intermediary firm is as follows:
Yieg) = At(Zth—lU))(th(i)nKGt—legInt(/.)l_(p_n (46)
Where, ¢ is the production elasticity of private capital input, ) is the production elasticity of labor input,
8, is the production elasticity of public capital input, 1 — ¢ — 7 is the production elasticity of intermediate

~ 7 O-C
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inputs, and Z;K;_4 (j) is the effective capital stock.



The goal of the intermediary firm is to find optimal demand functions for factors of production by
minimizing the cost of production for a given level of output. The mathematical form of this problem is as
follows:

. k . . In P
min riZ. Ky + W.L + P;"In
Keea(DLe(DIne () 8 7E0E 1)+ Wele () + PRI ()

(47)
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From solving this problem, the optimal demand functions for the factors of production (private capital,
labor, and intermediate inputs) are obtained as follows:

. Yred)
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By substituting relations (48), (49), and (50) into relation (46), the final cost is OQained as follows:
1/ T 1 N\ o (PO
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According to research (Nakhli et al., 2020), it is assumed, thatta™firm, producing intermediate goods
supplies its product to the domestic and foreign markets: \\
)
1 6t PR e N
Y = [ayeyytd 5 4 (1-a,)Pyz o l (52)

Where, Y2 is the index of intermediate goods supplie} to the domestic market, Y;* is the index of
intermediate goods supplied to foreign markets, @yais the"share of intermediate goods supplied to the
domestic market in the intermediate good§index of the intermediary firm, and 6, is the elasticity of
substitution between intermediate goods supplied to the domestic market and intermediate goods supplied
to foreign markets. The objective ofithe intefmediary firm is to find the optimal combination of supplies of
intermediate goods to the domestigumarket and foreign markets, such that total costs are minimized. The
mathematical form of this problem.is@as\follows:
min PY — PEYE - PEY
Y YE
N , (53)
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s.t. Y= aye_th‘i\ey +(1- a0y %

Fromisolving this problem, the optimal supply functions for the index of intermediate goods supplied to
the domesti¢,matket and supplied to foreign markets are obtained as follows:

dy Oy
Ye =y, (P—ty> Y/ (54)
Pt
x etPfx & no
t

Where, P{ is the price index of intermediate goods supplied to the domestic market, PZ is the price index
of intermediate goods supplied to foreign markets, and P;” is the price index of total intermediate goods.

By substituting the optimal supply functions into equation (52), the total price index of intermediate
goods is obtained as follows:

1
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P’ = [ay(Ptd) Y+ (1- “y)(etptx)lwy] y (56)
The market for the sale of products produced by intermediary firms in the domestic and foreign markets

is of a monopolistic competition type, and these firms set the price of their products above the marginal cost.
According to the method (Dixit and Stiglitz, 1977), it is assumed that there is an aggregator of intermediate



goods supplied to the domestic market, which aggregates the supply of all intermediary firms to the domestic

market according to the following technological relationship and supplies it to the market at a single price:
04

1 641 \Bg-1
v = ( [ eyt dj) (57)
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Where, 8, is the elasticity of substitution of the products of intermediate firms supplying to the domestic
market. The objective of the aggregator of intermediate goods supplied to the domestic market is to choose
the quantity of intermediate goods supplied to the domestic market in such a way that its profit is maximized.
The above problem is expressed as follows:

1
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10) 0
t

N (58)

6
1 64—1 Wil \
s.t. Yi= ( J Y2(j) 9a dj) AN
0
From solving this problem, the optimal demand function of the aggregate of'intermediate goods supplied
to the domestic market from the intermediate goods supplied to the domestic market of the J intermediary
firm is obtained as follows:
N
arn _ (PEODY
Yt (]) = Pd \
t
By substituting the optimal demand function into equation (SQ tﬁ price index of intermediate goods

supplied to the domestic market is obtained as follows:
1

1 1-9,
Pt = ( fo PE(j)*~0a dj) N (60)

According to the method (Calvo, 1983) and due N\the costs of price adjustment, intermediary firms
supplying products to the domestic market .cannet always set the price of their products optimally in a
monopolistic competitive market. Intermediar}\ﬁrms supplying products to the domestic market are divided
into two categories. The first categony includes (1 — v,) percent of firms that are able to set the optimal
price in each period, which is also'detetmined based on profit maximization in a time period. The second
category includes v, percent of firmsdthat are unable to set their optimal price and, therefore, their price is
not obtained from maximizing thé profit function. When an intermediary firm supplying products to the
domestic market fails to'set'the price of its product at the optimal level, it sets the price of its products for
the next period according toithe rules of thumb and based on the adjusted inflation rate:

P () = (nf) A (61)

Where, 1,4 is.the price indexation degree of the intermediary firm supplying the product to the domestic
market.,The intetmediary firm supplying the product to the domestic market sets the price of its products in
a monopolistie, competition market, in accordance with the optimization behavior with the profit
maximizationapproach, at a level higher than the marginal cost. This problem is expressed as follows:
2}?}% E:Z(.Bvd)SAs,t+s [LO) Yis() — meersYS ()
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Given this trend, the relationship between the current price and the price in the next period s can be

written as follows:
S

. T .
PE() = | [(edet) PEG) (64)
k=1
By substituting equation (64) into equation (62), the unconstrained form of this optimization problem
will be as follows:
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By setting the optimal price as P2 (j) = P#*, the first-order optimal condition of\@e above problem after
simplification is as follows:

Pd Ba p 7404
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Given that (1 — v,) percent of intermediary firms supplying products to the domestic market are able to
determine the optimal price in each period and v, perecentof intermediary firms supplying products to the

domestic market are unable to determine their optimal pfice, the price index of intermediary goods supplied
to the domestic market is defined as follows;: AN
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The linearization of equation (67) is as,follows:
ptd = (1 - Ud)ﬁgi* + Udeﬁg_l + Udﬁl?i—l (68)
By subtracting the expression v, P&from both sides of equation (68), we have:
(1 —vg)PE = (1 — v )RR ot vaTalifd 1 — Vot (69)
Therefore, from equation (6‘{ we can conclude:
PN ~ Vg
Py — Ptd = 1- (7Tt Tdet 1) (70)

dx*
By defining 4 = 9— and\Q; = P ra the linearization of equation (66) can be written as follows:
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If the expkssmn on the right side of equation (71) is expanded to the first two terms, we will have:
Pt i =1 - pvg)me, + (1 — Pvg)(Bug)E, [mct+1 + (Pt+1 ) + Td(Ptd—1 )] (72)
Asa result
P# — P = (1 — Bug)mic, + BugEe[me ., + (Pt+1 — P +14(PL, — PP)]
— (Buy)? Et[mCt+1 + (Pt+1 — P ) + Td(Pt—1 - Ptd)] (73)
Assuming that (v,)? = 0, then equation (73) can be written as follows:
P = P = (1 = pug)mic, + BugEe[mtess + (Phy — PY) + 7a(PLy — PE)] (74)
d
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On the other hand, given that Q, = Pt—d = pumc, , therefore e, = P, — P4, and we can write
t

equation (74) as follows:

Pt _Pt = (1 — pvg)me, + BvdEt[Pt+1 Pt+1 + (Pt+1 - P ) +Td(Pt 1 P )] (75)
On the other hand, by substituting equation (70) into equation (75), we can arrive at the following

expression:
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By simplifying equation (76), the new Phillips Keynesian curve of the inflation index of the price of
intermediate goods supplied to the domestic market is obtained as follows:
Tq (1—-Pvg)(1—vy) e, 77)
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According to research (Nakhli et al., 2020), a firm producing intermediate goods demands its
intermediate inputs from the domestic market and foreign markets:
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Where, Ing is the index of intermediate inputs demanded from the domestic market, In™ is fig\index of
intermediate inputs demanded from foreign markets, a;,, is the share of intermediate inptits demanded from
the domestic market in the intermediate input index of the intermediary firm,@nd 6,,is the€lasticity of
substitution between intermediate inputs demanded from the domestic market ‘and intermediate inputs
demanded from foreign markets. The objective of the intermediary firm is to find the optimal combination
of demand for intermediate inputs from the domestic market and foreign markets, sueh that total expenditure
is minimized. The mathematical form of this problem is as follows:

min  P{"In, — P{"In{ — P["™In]"
m&,mn
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From solving this problem, the optimal demand,functions for the'index of intermediate inputs demanded
from the domestic market and demanded from foreign rQrkets are obtained as follows:

pind —6m AN
n¢ = ap, <%) In, (80)
Pt
pjnmy O Q
Inlrfn =(1- aln)( pin ) In, (81)
t

Where, P/ is the price indexyof.intermediate inputs demanded from the domestic market, P{"™ is the

price index of intermediate input§demanded from foreign markets, and P/™ is the price index of total
intermediate inputs.
By substituting the optinfal demand functions into equation (78), the total price index of intermediate

inputs is obtained as follows:
1
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4-4- Trade
4-4-1- Export

Firmis*producing intermediate goods, despite supplying part of their products to the domestic market,
export part of their products to foreign markets and, since foreign markets are monopolistically competitive,
they seta price for their products higher than the marginal cost. According to the method (Dixit and Stiglitz,
1977),71t is assumed that there is an aggregator of intermediate goods supplied to foreign markets that
aggregates the supply of all intermediate firms to foreign markets according to the following technological

relationship and supplies the market with a single price:
6
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Where, 0, is the elasticity of substitution of the products of intermediate firms supplying to foreign
markets. The objective of the aggregate of intermediate goods supplied to foreign markets is to choose the

quantity of intermediate goods supplied to foreign markets in such a way that its profit is maximized.
The above problem is expressed as follows:
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From solving this problem, the optimal aggregate demand function for intermediate goods supplied to

foreign markets from intermediate goods supplied to foreign markets of the j exporting firm is obtained as
follows:

A\ —0
Px X
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By substituting the optimal demand function into equation (83), the price index of intertridiate goods

supplied to foreign markets is obtained as follows: N
1
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According to the method (Calvo, 1983) and due to the costs of price adjustm>nt, intermediary firms
supplying products to foreign markets cannot always set the price f'their products optimally in a foreign
monopolistic competitive market. Intermediary firms supplying producdts, to,foreign markets are divided into
two categories. The first category includes (1 — v,) percent of fitims that are able to set the optimal price in
each period, which is also determined based on profit maximization in'a time period. The second category
includes v, percent of firms that are unable to set their optimal price\a.nd, therefore, their price is not obtained
from maximizing the profit function. When an intermediary fism supplying products to foreign markets fails
to set the price of its product at the optimal level, it 'Sets the price of its products for the next period according
to the rules of thumb and based on the adjusted inﬂatiom{ate:

P, () = (mP)™PE() A\ (87)

Where, 7, is the price indexation degeee of the intermediary firm supplying the product to foreign
markets. The intermediary firm supplyinggthéproduct to foreign markets sets the price of its products in the
foreign monopolistic competition market, invaccordance with the optimization behavior with the profit
maximization approach, at a level higher than the marginal cost. This problem is expressed as follows:
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By setting theptimal price as P¥(j) = P{*, the first-order optimal condition of the above problem after
simplification s as(follows:
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Given that (1 —v,) percent of intermediary firms supplying products to foreign markets are able to
determine the optimal price in each period and v, percent of intermediary firms supplying products to foreign
markets are unable to determine their optimal price, the price index of intermediary goods supplied to foreign

markets is defined as follows:

1
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Using relations (89) and (90), the new Keynesian Phillips curve of the inflation index of the price of
intermediate goods supplied to foreign markets is obtained as follows:
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The aggregator of intermediate goods supplied to foreign markets purchases the intermediate goods
needed for export from the aggregator of intermediate goods supplied to the domestic market at the price P{
and sells them in foreign markets at the price PZ. International sanctions in the export sector of intermediate
goods increase transaction costs (receiving and transferring foreign exchange from exports, transportation,
insurance, etc.) in the process of exporting intermediate goods. Therefore, the real final cost of the aggregator
of intermediate goods supplied to foreign markets is as follows:

P¢
obF S (92)

Where, Sf* is the additional transaction costs resulting from the imposition of international sanctions that
increase the real marginal cost of intermediate goods supplied to foreign markets and is assumed to follow
a first-order autoregressive process. International sanctions (sanc,) increase transaction costs in the

mc

intermediate goods export sector through the parameter SSX. N
S¥ = pS¥ .+ (1 —p,)S* + SSXsanc, + & AN (93)
4-4-2- Import

Importing firms operate in three sectors: importing consumer goods, importingicapital goods, and
importing intermediate inputs.

Consumer goods importers purchase consumer goods needed for import into, the country from world
markets and sell them to domestic consumers. It is assumed that the matket for imported consumer goods in
the country is monopolistically competitive and that importing firmsssetithe, price of consumer goods above
marginal cost and sell them. According to the method (Dixitjand Stiglitz,'1977), it is assumed that there is
an aggregator of imported consumer goods that purchases consumer goods from all importing firms and
aggregates them according to the following technological relatiorﬁhip and supplies them to the domestic
consumer goods market at a single price:

[
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Where, 8., is the elasticity of substitution of imported consumer goods of different importing firms. The
objective of the imported consumer goods aggregator is to choose the quantity of imported consumer goods
such that its profit is maximized.

The above problem is expressed as‘follows:
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From solving this'problem, the optimal aggregate demand function for imported consumer goods from
the consumer goods of the j importing firm is obtained as follows:
N
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By'substituting the optimal demand function into equation (94), the price index of imported consumer
goods(is 'obtained as follows:
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According to the method (Calvo, 1983) and due to the costs of price adjustment, firms importing
consumer goods cannot always set the price of their products optimally in a monopolistic competitive
market. Firms importing consumer goods are divided into two categories. The first category includes
(1 — vy) percent of firms that are able to set the optimal price, which is also determined based on profit
maximization in a time period. The second category includes v, percent of firms that are unable to set their
optimal price and, therefore, their price is not obtained from maximizing the profit function. When a firm



importing consumer goods fails to set the price of its product at the optimal level, it sets the price of its
products for the future period according to the rules of thumb and based on the adjusted inflation rate:
PE1(G) = (™) remPE™ () (98)

Where, T, is the price indexation degree of the consumer goods importing firm. The consumer goods
importing firm sets the price of its products in a monopolistically competitive market, in accordance with
the optimization behavior with the profit maximization approach, at a level above the marginal cost. This
problem is expressed as follows:
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By setting the optimal price as P{™(j) = Pf™", the first-order optimal condition of thé:above problem
after simplification is as follows:
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Given that (1 — v,,,,) percent of firms importing consumer goodsdinieach period are able to determine
the optimal price and v, percent of firms importing consumer go@ds are unable to determine their optimal
price, the price index of imported consumer goods is defined as follows:

1
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Using relations (100) and (101), the new Phillips Keynesian curve for the inflation index of imported
consumer goods is obtained as follows: AN
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The aggregator of imported consumer, go&is purchases the consumer goods needed for import from the
world markets at the price Ptf and sell§ithem in the domestic market at the price Pf™. International sanctions
on the import of consumer,goods increase transaction costs (payment and transfer of foreign exchange for
the purchase of imported consumer goods, transportation, insurance, etc.) in the process of importing

consumer goods. Therefore, Qe truefinal cost of the aggregator of imported consumer goods is as follows:
mefm = etPff gem
t - Ptcm t \
Where, S{™His ‘the additional transaction costs resulting from the imposition of international sanctions
that inctease the'real marginal cost of importing consumer goods and is assumed to follow a first-order
autoregressive process. International sanctions (sanc,) increase transaction costs in the consumer goods
import seKtor through the parameter SSCm.
SENERemSE + (1 — pe)S™ + SSCmsanc, + ef™ (104)
Imperting capital goods firms purchase capital goods needed for import into the country from world
markets and sell them to domestic investors. It is assumed that the market for imported capital goods in the
country is monopolistically competitive and that importing firms set the price of capital goods above
marginal cost and sell them. According to the method (Dixit and Stiglitz, 1977), it is assumed that there is
an aggregator of imported capital goods that purchases the capital goods of all importing firms and
aggregates them according to the following technological relationship and supplies them to the domestic

capital goods market at a single price:
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Where, 8,,, is the elasticity of substitution of imported capital goods of different importing firms. The
objective of the imported capital goods aggregator is to choose the quantity of imported capital goods such
that its profit is maximized.

The above problem is expressed as follows:
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From solving this problem, the optimal aggregate demand function for imported capitalpgoods from the

capital goods of the j importing firm is obtained as follows: N
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By substituting the optimal demand function into equation (105), the pri¢e iddex‘of imported capital
goods is obtained as follows: \
1
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According to the method (Calvo, 1983) and due to the costs ofpricefadjustment, firms importing capital
goods cannot always set the price of their products optimally in,a mo}opolistic competitive market. Firms
importing capital goods are divided into two categories. The ﬁrst\sategory includes (1 — vy,,) percent of
firms that are able to set the optimal price in each peried, which is also determined based on profit
maximization in a time period. The second categoryyincludésw;,, percent of firms that are unable to set their
optimal price and, therefore, their price is nqt obtainedsfrom maximizing the profit function. When a firm
importing capital goods fails to set the pric&ofits prodﬁst at the optimal level, it sets the price of its products
for the next period according to the rules ofithumbyand based on the adjusted inflation rate:

PR () = (™ mP{™()) \ (109)

Where, T, is the degree of price indexa\ion of the capital goods importing firm. The capital goods
importing firm sets the price of its ‘produets in a monopolistically competitive market, in accordance with
the optimization behavior with the profit maximization approach, at a level above the marginal cost. This
problem is expressed as, follows;

S szg(l) m (i Im m (s
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By settingithe optimal price as P{™(j) = P{™", the first-order optimal condition of the above problem

after simﬁﬁﬁcation is as follows:
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Given that (1 — vy,;,) percent of firms importing capital goods in each period are able to determine the
optimal price and v;,,, percent of firms importing capital goods are unable to determine their optimal price,
the price index of imported capital goods is defined as follows:

1
P = [(1 = vy (P10 4 vy ((rfTy )7 P{TY) = Orm [1=00m (112)
Using relations (111) and (112), the new Keynesian Phillips curve of the inflation index of imported
capital goods is obtained as follows:
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The aggregator of imported capital goods purchases the capital goods needed for import from the world
markets at the price Ptf and sells them at the price P/™ in the domestic market. International sanctions on the
import of capital goods increase transaction costs (payment and transfer of foreign exchange for the purchase
of imported capital goods, transportation, insurance, etc.) in the process of importing capital goods. Hence,

the real marginal cost of the aggregator of imported capital goods is as follows:
f
e
m _ “tt ¢l
mctm — le Stm (114)
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Where, S/™ is the additional transaction costs resulting from the imposition of international sanctions

that increase the real marginal cost of importing capital goods and is assumed to followpa first-order
autoregressive process. International sanctions (sanc,) increase transaction costs in the capital Q)})ds import
sector through the parameter SSIm. N
Sim = pnSIM + (1 — py)S™ + SSImsanc, + ™ (115)
Importing firms purchase the intermediate inputs needed for domestic impouts from*world markets and
sell them to producers of intermediate goods. It is assumed that the market forimparted intermediate inputs
in the country is monopolistically competitive and that importing firms setithe'price of intermediate inputs
above marginal cost and sell them. According to the method (Dixit'andyStiglitz, 1977), it is assumed that
there is an aggregator of imported intermediate inputs that purchases'the intermediate inputs of all importing
firms and aggregates them according to the following technelogy. rel\%tionship and supplies them to the

domestic intermediate input market at a single price: N
9 nm
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Where, 0;,,,, is the elasticity of substitution of imported intermediate inputs of different importing firms.
The objective of the imported intermediateinput aggre;\ator is to choose the amount of imported intermediate
inputs such that its profit is maximized.
The above problem is expressed as follows: \\
1
max P = [ P
Ing (6)) 0
(117)
emm

1 Otnm —1 Omm—1
S.t. Inzn = <f Inzn(]) Qnm d])
0

From solvingthis pr({blem, the optimal demand function aggregating imported intermediate inputs from

the intermediate,inputs ofithe j importing firm is obtained as follows:
-9
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In"(j) = (W— In" (118)

By suQstituting the optimal demand function into equation (116), the price index of imported

intesmediate inputs is obtained as follows:
1
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According to the method (Calvo, 1983) and due to the costs of price adjustment, firms importing
intermediate inputs cannot always set the price of their products optimally in a monopolistic competitive
market. Firms importing intermediate inputs are divided into two categories. The first category includes
(1 — vjpm) the percentage of firms that are able to set the optimal price in each period, which is also
determined based on profit maximization in a time period. The second category includes the percentage of
firms that are unable to set their optimal price and, therefore, their price is not obtained from maximizing the
profit function. When a firm importing intermediate inputs fails to set the price of its product at the optimal
level, it sets the price of its products for the next period according to the rules of thumb and based on the
adjusted inflation rate:
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Where, 7;,,,, is the price indexation degree of the intermediate input importing firm. The intermediate
input importing firm sets the price of its products in a monopolistically competitive market, in accordance
with the optimization behavior with the profit maximization approach, at a level higher than the marginal
cost. This problem is expressed as follows:
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By setting the optimal price as P{"™(j) = P{™™*, the first-order optimal condition ofithe above problem
after simplification is as follows: N\
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Given that (1 — vj,,,) percent of firms importing intermediate inputs ieach period are able to determine
the optimal price and vy, percent of firms importing intermé&diate inguts are unable to determine their
optimal price, the price index of imported intermediate inputsiis defined as follows:

1
PIM™ = [(1 = g (PI™) 1= 0mm vy () Timm ptlfgn)l—az%]l—éhnm (123)
Using relations (122) and (123), the new Keynesian Phillips)curve of the price index inflation of
imported intermediate inputs is obtained as follows:
I 1-v
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The aggregator of imported intermediate inputs purchases the intermediate inputs needed for import from

A Tinm
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the world markets at the price Ptf and sells'them in the domestic market at the price P;"™. International
sanctions on the import of intermediatenputs increase transaction costs (payment and transfer of foreign
exchange for the purchase of imperted intermediate inputs, transportation, insurance, etc.) in the process of
importing intermediate inputs. HeAce, the true marginal cost of the aggregator of imported intermediate
inputs is as follows:

f
e.P, AN
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Where, S/"™ 15 the hditional transaction costs resulting from the imposition of international sanctions
that increase the real' marginal cost of the aggregate of imported intermediate inputs and is assumed to follow
a first-order autoregressive process. International sanctions (sanc;) increase transaction costs in the import
seetor of'intermediate inputs through the parameter SSInm.

SIM= P SIT + (1 — prpm)S™™ + SSInmsanc, + €™ (126)
4-5-'Qil

Chere are various methods for including the oil sector in the model. Some studies consider the oil sector
as similar to other firms, but others use an exogenous process to model the oil sector. In the present study,
the oil shock is considered through the imposition of international sanctions on the country's oil exports. It
is also assumed that all extracted crude oil is exported at world prices and the foreign exchange income is
provided to the government. In the modeling performed, real revenues from oil exports follow a first-order
autoregressive process. International sanctions (sanc;) reduce real revenues from oil exports through the
SSor parameter.
01y = Por0ti_q + (1 — po)or + SSorsanc, + & (127)
4-6- Government and Central Bank

Due to the lack of independence of the Central Bank in Iran, the government and the Central Bank cannot
be included as two separate parts in the model, but rather the government and the Central Bank should be



considered as a single agency. The government's revenue sources include: creating new debt (issuing bonds),
collecting a lump sum tax from households, and revenues from oil exports. If the government balances its
expenses through the above revenue sources, money creation will not occur in the form of increasing
government debts to the Central Bank. However, if the government faces a budget deficit despite the above
revenue sources and finances this deficit by borrowing from the Central Bank or through its deposits with
the Central Bank, money creation will occur.

In this regard, following (Ireland, 1997), (Deeb, 2001), (Peiris and Sakjard, 2007), and (Gali, 2008), the
government budget and central bank balance sheet constraints will be as follows.
4-6-1- Government budget constraints

In the government budget constraint, dctg is the government's net debt to the central bank and b; is the
bonds. Government revenues are: ta, lump sum tax collection from households and or; redl revenues from
oil exports (w is the percentage of real revenues from oil exports that are spent by the governme{lt and the
rest is deposited in the National Development Fund) and government expenditurés are:\G; ‘real\government

expenditures and (1 + i;_,)b;_, principal and interest payments on bonds. AN

Adc? + Ab; = G, + (1 + it_1)bs_4 — ta, — wre.ory (128)

4-6-2- Central Bank Balance Sheet N

The central bank's balance sheet in real terms can be considered as follows:

mb, = re fr, + dc? (129)
Where, mb, is the real monetary base, re; is the real exchange rdte, and\f1; is the real net foreign assets

of the central bank. \\

4-6-3- Government spending
Following (Leeper et al., 2009), real government spending is co\nsidered as the sum of current spending
(Gf) and development spending (G{):
G, = GE + Gl N (130)
In this regard, it is assumed that govetmmenti vestment (G} gradually and over time turns into
government capital accumulation (KG), whieliindicates the delay between the start of investment projects
and their fruition. To specify this delay, that'is) the time interval between the approval of a government
development project and the time when this in{éstment is put into operation in the form of capital, we denote
the start time of the project and the amoiinit of investment at the time of approval by t and AS. The years
required to complete and operate the investment project are also specified by L. Therefore, the relationship
of government capital accumulatiomwill be as follows:
KG, = (1 —89)KG,_, % 4%, % (131)
Where, KG is the accumulation of government capital, §¢ is the depreciation rate of government capital,
and A¢' is the amountyofigovernment investment approved in the budget, which follows a first-order
autoregressive processias follows:
A" = po AFL B (U= pg) A + & (132)
As we know,the,expenditures allocated to investment projects are made gradually and over time. Let us
assume thatithe'share of expenditures allocated in each year of the total investment made is defined as the
sequencedby, by, by, ..., by _1}. In this sequence, year zero is the time of project approval and year L — 1 is
the year before the project is completed. The project implementation at time t will be as follows:

L1
Gl = Z b, AST (133)
n=0

In this relation, Y221 b, = 1. As mentioned, b represents the investment rate in each period. If the project
has no delay or in other words, if the project approval and completion time is only one year, then
(b =1,L = 1) and as a result we have: G} = A¢'.

It is also assumed that current government spending follows a Cobb-Douglas function of the variables of
current government spending in the previous period, lump sum tax, and revenues from oil exports.

GE = (GE.y)Po(ta)9eet e (134)
4-6-4- Government tax revenue

The real lump-sum tax is assumed to be a proportion of GDP and is defined as follows:

ta; = tl'Y; (135)



Where, t{ is the tax rate and follows a first-order autoregressive process as follows:
tt = prti—g + (L —p )t + &l (136)
4-6-5- National Development Fund

The National Development Fund was established under the Third Development Plan Law (1990) with
the objectives of reducing the vulnerability of the economy, mitigating the damage caused by the decline in
oil prices, and supporting private sector infrastructure projects. The resources of the National Development
Fund are mainly derived from oil export revenues, such that (1 — w) percent of oil export revenues are
deposited into the fund in each period. It is also assumed that the accumulation of the National Development
Fund reserves in each period follows the following process:

DF; = DF;_1 + (1 — w)or; (137)
Where, DF;_; is the balance of National Development Fund reserves from the previoiis pesiod that is

carried over to the current period. N

4-6-6- Monetary policy \

The Central Bank uses various tools for monetary policy, the choice of which, depends’ on economic
conditions and its goals. Among these tools, the interest rate and the monetary,base,gtowth rate are among
the important tools in money market management and policymaking, which.dueytoithe inefficiency of the
interest rate tool, the monetary base growth rate is considered as a monetary policystool at the disposal of the
Central Bank of Iran. Accordingly, the monetary policy response functien is such that the Central Bank will
determine the monetary base growth rate in a completely discretionafyy, manner in such a way that its two
desired goals, namely reducing the gap between current output and pantial output and reducing the gap
between the inflation rate and the target inflation, are achicved. The\target inflation is an unobservable
variable and is only available to the monetary authorities. Therefote, the monetary policy response function
is defined as follows, following (Goli, 2008) and (Skode, 2013):

he  (heg\P* (T '™ v N
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Where, h, is the growth rate of the monetary,base in‘period t, which is defined as follows:
mb;
ht - mbt_l T[t \ (139)
The target inflation (7] ) is assumed toyfollow a first-order autoregressive process as follows:
nf = pri_s + (1= pp)7T" + el (140)
The change in the central bank's netsforeign assets in real terms can be considered as follows:
freoa P £ P{™ frm
recfre —re;—— = wreglrpd —z ¥ — cht———I" — In{" (141)
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Where, n[ is the extema\l inflation rate and follows a first-order autoregressive process as follows:
nl = perl w(1 20 )7t &/ (142)

4-6-7 Exchangé rate policymaking

There ate thre€ types of currency systems in the world: fixed exchange rate system, floating exchange
rateysystemyand managed floating exchange rate system. The two fixed and floating exchange rate systems
are less c}ncemed by the monetary authorities of the countries, and the managed floating exchange rate
systemyis used more to achieve the goals. Considering the managed floating exchange rate system for the
exchafige rate in Iran, the Central Bank uses the growth of the nominal exchange rate to set currency policy.
In this regard, the Central Bank, on the one hand, reacts to the gap between the domestic inflation rate and
the foreign inflation rate and, in proportion to the aforementioned gap, allows the exchange rate to increase
in the foreign exchange market, and on the other hand, considers a precautionary limit for its foreign reserves
and considers this precautionary limit as the share of foreign reserves in the monetary base to control the
foreign exchange market. Therefore, in a situation where the share of the Central Bank's foreign reserves in
the monetary base falls below the precautionary limit considered by the Central Bank, the Central Bank will
allow the exchange rate to increase. Therefore, the reaction function of exchange rate policy, following
(Essonson and Woodford, 2003) and (Eskud, 2013), is defined as follows:
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where y; is the nominal exchange rate growth. The nominal exchange rate impulse (ef) follows a first-
order autoregressive process as follows:
Ef = Peti-q +&L° (144)
The real exchange rate (re;) defined as follows:
etPtf

Py

Where, e, is the nominal exchange rate, Ptf is the price index of foreign goods, and Py is the@rice index
of total consumer goods. AN
4-7- Commodity market settlement condition AN

One of the most important equations is the goods market settlement, where reallGDP. eq\lals household
consumption, household investment, government current expenditure, )go¥ernment development
expenditure, and net exports (total exports minus total imports). Total expofts,equal‘the sum of revenues
from oil exports and exports of intermediate goods (non-oil exports), and tetal wmnports equal the imports of
consumer goods, imports of capital goods, and imports of intermediate‘inputs. Therefore, the goods market
settlement condition is defined as follows:

(145)
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Real GDP (total output) is equal to the sum of non-oil productien and revenues from oil exports, which
is defined as follows: N
Y; = Y + reqor; (147)

Given that all price variables in the_research msq}l need to be presented uniformly, the domestic
consumer goods price index, imported con§amer, goods price index, domestic capital goods price index,
imported capital goods price index, total intermediate input price index, price index of intermediate goods
supplied to the domestic market, price indexl\-$‘ intermediate inputs demanded from the domestic market,
and price index of intermediate inputs demanded from foreign markets are considered in relation to the total
consumer goods price index and the price index of intermediate goods supplied to foreign markets in relation
to the price index of foreign goodss

Also, given that the demestic'eonSumer goods price index, the imported consumer goods price index, the
domestic capital goods price «iQdex, the imported capital goods price index, the total intermediate input price
index, the price index ofiintermediate goods supplied to the domestic market, the price index of intermediate
goods supplied tonforeign markets, the price index of intermediate inputs demanded from the domestic
market, the pri€e index of intermediate inputs demanded from foreign markets, the total consumer goods
price index, andtheyprice index of foreign goods are in the form of inflation rates, all of the aforementioned
ratios are definedas follows:

Ratio of theydomestic consumer price index to the total consumer price index:
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Ratio of the price index of imported consumer goods to the price index of total consumer goods:
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Ratio of the domestic capital goods price index to the total consumer goods price index:
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Ratio of the price index of imported capital goods to the price index of total consumer goods:
le 7.[.ITrI.
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Ratio of the total price index of intermediate inputs to the total price index of consumer goods:
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Ratio of the price index of intermediate goods supplied to the domestic market to the price index of total
consumer goods:
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Ratio of the price index of intermediate goods supplied to foreign markets to the price index of foreign goods:
pPr ¥
v =—F vE = —Fri (154)
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Ratio of the price index of intermediate inputs demanded from the domestic market to the price index of

total consumer goods:
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Ratio of the price index of intermediate inputs demanded from foreign markets to the price index of total
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5- Initializing template parameters

In this paper, due to the lack of access to high-quality data foma number of variables and also due to the
complexity of simultaneous estimation, calibration is preferredioveriBayesian estimation and the calibration
method is used to estimate the model parameters. AN

Before simulating the model and obtaining the instantaneeus response functions (IRF), it is necessary to
estimate the model parameters, which is done in this stud)\using the calibration method. In this study, a
number of parameters are quantified using the estimation method and other parameters are quantified using
the long-run ratio of macroeconomic variables. For'this purpose, parameters such as the habit stability
parameter, the elasticity of the investment ‘adjustment cost function, the coefficient of the first-order
autoregressive process of the investment impulse, the production elasticity of private capital input, the
production elasticity of public capital inpuf,ithe coefficient of the first-order autoregressive process of
productivity, First-order autoregressiveyeoefficient of transaction costs in the intermediate goods export
sector, first-order autoregressiveeefficient of transaction costs in the consumer goods import sector, first-
order autoregressive coefficient'@f)transaction costs in the capital goods import sector, first-order
autoregressive coefficient"of tramsaction costs in the intermediate inputs import sector, first-order
autoregressive coefficient @ 0il export revenues, first-order autoregressive coefficient of government
development expenditures,\first-order autoregressive coefficient of government current expenditures,
elasticity of governimenteurrent expenditures relative to a lump sum tax, percentage of oil export revenues
spent by the government, The coefficient of the first-order autoregressive process of the tax rate, the
coefficient of the"autoregressive process of the monetary policy response function, the coefficient of the
importaneeof the gap between the inflation rate and the target inflation in the monetary policy response
funetion,the coefficient of the importance of the gap between current output and potential output in the
monetary policy response function, the coefficient of the first-order autoregressive process of the target
inflation, the coefficient of the first-order autoregressive process of the inflation of the foreign goods price
indeX; the coefficient of the autoregressive process of the exchange rate response function, the coefficient of
the importance of the gap between the domestic inflation rate and the foreign inflation rate in the exchange
rate response function, The coefficient of the ratio of the central bank's foreign reserves to the monetary base
in the exchange rate policy reaction function and the coefficient of the first-order autoregressive process of
the nominal exchange rate shock were obtained using the estimation method from previous studies.

Other research parameters are estimated using the long-term ratio of macroeconomic variables.
According to this method, in the first stage, the geometric mean of the ratio of non-price macro variables to
GDP and the ratio of price macro variables, including the ratio of the domestic consumer goods price index,
the ratio of the imported consumer goods price index, the ratio of the domestic capital goods price index, the
ratio of the imported capital goods price index, the ratio of the total intermediate inputs price index, the ratio
of the price index of intermediate goods supplied to the domestic market, the ratio of the price index of
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intermediate inputs demanded from the domestic market, and the ratio of the price index of intermediate
inputs demanded from foreign markets to the total consumer goods price index And the ratio of the price
index of intermediate goods supplied to foreign markets to the price index of foreign goods has been
calculated using the time series of macroeconomic variables.

In the second stage, the equations of the research model were entered nonlinearly into the Maple
computing software and the geometric mean of the ratio of non-price macro variables to GDP and the ratio
of price macro variables, including the ratio of the domestic consumer goods price index, the ratio of the
imported consumer goods price index, the ratio of the domestic capital goods price index, the ratio of the
imported capital goods price index, the ratio of the total intermediate inputs price index, the ratio of the price
index of intermediate goods supplied to the domestic market, the ratio of the price index of intermediate
inputs demanded from the domestic market, and the ratio of the price index of intermediate inputs demanded
from foreign markets to the total consumer goods price index, and The ratio of the price index ofintermediate
goods supplied to foreign markets to the price index of foreign goods is entered as the long-'tQ ratio of
macroeconomic variables in the nonlinear equations of the model, and the Maple softwgre, by solving
simultaneous equations, determines the model parameters using the long-term ratie of macroeconomic
variables calculated from the geometric mean of the ratio of non-price macroeconemicivariables to GDP and
It calculates the ratio of macro-price variables, including the ratio of the domiestic:consumer goods price
index, the ratio of the imported consumer goods price index, the ratip, of theydomestic capital goods price
index, the ratio of the imported capital goods price index, the ratio of‘the total intermediate inputs price
index, the ratio of the price index of intermediate goods supplied to thexdomestic market, the ratio of the
price index of intermediate inputs demanded from the domestic market, and the ratio of the price index of
intermediate inputs demanded from foreign markets to the total consumer goods price index, and the ratio
of the price index of intermediate goods supplied to foreignsmarkets to the price index of foreign goods.

The long-term ratio of non-price macro variables to &DP.and the long-term ratio of price macro variables,
including the ratio of the domestic consumer goods price in\dex, the ratio of the imported consumer goods
price index, the ratio of the domestic capital §oods pri€e index, the ratio of the imported capital goods price
index, the ratio of the total intermediate inputsyprice index, the ratio of the price index of intermediate goods
supplied to the domestic market, the ratid of the price index of intermediate inputs demanded from the
domestic market, and the ratio of the price iideX of intermediate inputs demanded from foreign markets to
the total consumer goods price indeX, a%l the ratio of the price index of intermediate goods supplied to
foreign markets to the price index,of foreign goods, are as follows in Table 1:

Table 1-'Long-run ratio of macroeconomic variables

Explanation Proportion Amount
symbol

Gross Domestic Product Y 1
household consumption C 0.446
Household consumption of domestic consumer goods ce 0.422
Household consumption of imported consumer goods cm 0.026

Household investment I 0.23
Household investment in domestic capital goods 14 0.0221
Household investment in imported capital goods m 0.016
Intermediate goods, intermediary firm yno 1.2
Intermediate goods An intermediary firm's supply of intermediate goods to yd 1.1089
the domestic market
Intermediate goods An intermediary firm of intermediate goods supplied to Y* 0.0859
foreign markets
Intermediate inputs of the intermediary firm In 0.367
Intermediate inputs of an intermediary firm from the intermediate inputs In¢ 0.3065
demanded from the domestic market
Intermediate inputs of an intermediary firm from intermediate inputs In™ 0.0701
demanded from foreign markets

Bonds b 0.026
Wage w 0.2987
Rate of return on capital rk 0.0527




Monetary base mb 0.12
Real exchange rate re 1
Central Bank Net Foreign Assets fr 0.084
Net government debt to the central bank dcd 0.036
Government current expenditure G° 0.116
Government development spending G! 0.09
Ratio of the domestic consumer price index to the total consumer price ycd 1.01057
index
Ratio of the price index of imported consumer goods to the price index of yem 0.76
total consumer goods
Ratio of the domestic capital goods price index to the total consumer goods yld 1.0367
price index
Ratio of the price index of imported capital goods to the price index of total ylm N 1.94
consumer goods N
Ratio of the total price index of intermediate inputs to the total price index yn 1.159
of consumer goods
Ratio of the price index of intermediate goods supplied to the domestic N v 0.9991
market to the price index of total consumer goods
Ratio of the price index of intermediate goods supplied to foreign markets y* 1.25
to the price index of foreign goods
Ratio of the price index of intermediate inputs demanded from‘the donkestic ylnd 1.022
market to the price index of total consumer goods AN
The ratio of the price index of intermediate inputs demanded from foreign ylnm 1.6
markets to the price index of total consumer goods

Source: Nakhli'et al. (2020)
Using the above methods, the model parameters arg'e imated according to Tables 2, 3, 4, and 5:
Table 2- Estimated parameters,of the household sector and the labor market

Explanation Parameter Amount Source
N\ symbol
Inverse elasticity of labot squ? 0y 2.9 Nakhli et al.
(2020)
Inverse elasticity of substitution between consumption o, 1.2 Nakhli et al.
periods (2020)
Habit stability parameter h 0.3096 Taghipour
N\ (2014)
Inverse interest elast\i({:)ity of demand for real money Om 1.25 Nakhli et al.
alances (2020)
Elasticity of the investment adjustment cost function 0] 3.9374 Taghipour
(2014)
Discount factor B 0.965 Nakhli et al.
(2020)
Private capital depreciation rate 6 0.0103 Nakhli et al.
(2020)
Coéfficient of the first-order autoregressive process of Pr 0.446 Vali Beigi et al.
investment impulse (2018)
Elasticity of substitution between domestic consumer 0, 2.46 Nakhli et al.
goods and imported consumer goods (2020)
Share of domestic consumer goods in the household a; 0.9 Nakhli et al.
consumption index (2020)
Elasticity of substitution between domestic capital 6, 1.54 Nakhli et al.
goods and imported capital goods (2020)
Share of domestic capital goods in the household a; 0.84 Nakhli et al.
investment index (2020)
Wage indexation level Tw 0.6 Nakhli et al.
(2020)




Percentage of households unable to determine their Uy 0.68 Heydarian et al.
optimal wage (2024)
Table 3- Estimated parameters of the intermediate goods manufacturing firm sector
Explanation Parameter | Amount Source
symbol
Production elasticity of private capital input 1) 0.423 | Farzin Vash et al.
(2014)
Labor input production elasticity n 0.3 Nakhli et al.
(2020)
Production elasticity of government capital input By 0.082 Taghipour
(2014)
Coefficient of the first-order autoregressive process of Pa 0.8 Tavakolian and
productivity Qavai(2019)
The elasticity of substitution between intermediate goods 6, 2477 Nakhli et al.
supplied to the domestic market and intermediate goods 20(2020)
supplied to foreign markets
The share of intermediate goods supplied to the domestic ay 0:9 Nakhli et al.
market in the intermediate goods index of the A\ (2020)
intermediary firm
The degree of price indexation of the intermediary firm T4 0.4984 Tavakolian
supplying the product to the domestic market (2012)
Percentage of intermediary firms supplying products to Vg 0.5 Nakhli et al.
the domestic market that are unable to determine their N (2020)
optimal price
Elasticity of substitution between intermediate, inputs Opn 1.39 Nakhli et al.
demanded from the domestic market and intermediate (2020)
inputs demanded from foreign markets 1\
The share of intermediate inputs demandedyfrom the An 0.7 Nakhli et al.
domestic market in the intermediate inputindex of the (2020)
intermediary firm
Table 4- Estimated parameters of the trade sector
Explanation Parameter | Amount Source
symbol
The degree of price indexation of'the intermediary firm Ty 0.499 | Vali Beigi et al.
supplying the preduet to foreign markets (2018)
Percentage of intermediary firms supplying products to Uy 0.66 Heydarian et al.
foreign markets;that are unable to determine their optimal (2024)
price
Coefficient ofithe tirst-order autoregressive process of Dx 0.4 Nakhli et al.
transaction ‘¢osts in the intermediate goods export sector (2020)
Elasticityof transaction costs in the intermediate goods SSX 0.2 Nakhli et al.
exportisector to the increasing severity of international (2020)
sanctions
Theydegree of price indexation of the consumer goods Tem 0.499 | Vali Beigi et al.
importing firm (2018)
Percentage of firms importing consumer goods that are Uem 0.42 Heydarian et al.
unable to determine their optimal price (2024)
Coefficient of the first-order autoregressive process of Pem 0.4 Nakhli et al.
transaction costs in the consumer goods import sector (2020)
Elasticity of transaction costs in the consumer goods SSCm 0.2 Nakhli et al.
import sector to the increasing severity of international (2020)
sanctions
The degree of price indexation of the capital goods Tim 0.499 | Vali Beigi et al.
importing firm (2018)




Percentage of firms importing capital goods that are Uim 0.11 Heydarian et al.
unable to determine their optimal price (2024)
Coefficient of the first-order autoregressive process of Pim 0.4 Nakhli et al.
transaction costs in the capital goods import sector (2020)
Elasticity of transaction costs in the capital goods import SSIm 0.2 Nakhli et al.
sector to the increasing severity of international sanctions (2020)
The degree of price indexation of the firm importing Tinm 0.499 | Vali Beigi et al.
intermediate inputs (2018)
Percentage of firms importing intermediate inputs that are Unm 0.11 Heydarian et al.
unable to determine their optimal price (2024)
Coefficient of the first-order autoregressive process of Pimnm 0.4 Nakhli et al.
transaction costs in the intermediate input import sector (2020)
Elasticity of transaction costs of intermediate input imports SSInm 0.2 Nakhli‘et al.
to the increasing severity of international sanctions 12020)
Coefficient of the first-order autoregressive process of oil Por 033 “Nakhli et al.
export revenues (2020)
The elasticity of oil export revenues to the increasing SSor 0.5 Nakhli et al.
severity of international sanctions N\ (2020)

Table 5- Estimated parameters of the government sector andthe central bank

Explanation Raramieten, “\ Amount Source
symbol
Government capital depreciation rate 8¢ 0.0233 Nakhli et al.
N\ (2020)
Coefficient of the first-order autoregressive process of o, 0.575 Vali Beigi et al.
government development spending (2018)
Coefficient of the first-order autoregressive progess &( Pg 0.4206 Vali Beigi et al.
current government expenditure N\ (2018)
Elasticity of current government spendingielative to g1 0.3399 | Taghipour (2014)
lump sum tax
Percentage of oil export revenues spent.by the W 0.78 Tavakolian
government (2012)
Coefficient of the first-order autoregrgive process of Dr 0.789 Vali Beigi et al.
the tax rate (2018)
The coefficient of the autorégressive process of the Pn 0.4 Tavakolian and
monetary poligy/response function Qayai (2019)
The importance coefficient of the gap between the - -1.54 Taghipour and
inflation rate-and the target inflation in the monetary Manzoor (2014)
policy reaction function
The importanee,coefficient of the gap between current Ay -1.7 Taghipour and
output and potential output in the monetary policy Manzoor (2014)
response function
Cocfiitient of the first-order autoregressive process of Pr 0.6 Permeh et al.
target inflation (2016)
Cocfficient of the first-order autoregressive process of Py 0.902 Vali Beigi et al.
inflation of the foreign goods price index (2018)
Autoregressive process coefficient of the foreign Py 0.7 Tavakolian and
exchange policy reaction function Qayai (2019)
The importance coefficient of the gap between the ey -1.9 Tavakolian and
domestic inflation rate and the external inflation rate in Jalali (2017)
the exchange rate policy reaction function
The coefficient of the ratio of central bank foreign e, -1.55 Tavakolian and
reserves to the monetary base in the exchange rate policy Jalali (2017)
reaction function
Coefficient of the first-order autoregressive process of Pe 0.887 Vali Beigi et al.

nominal exchange rate impulse

(2018)




6- Evaluating model fit and performance

To assess the fit and accuracy of the model simulation, the comparison of second-order moments in the
form of variance and correlation of variables with the benchmark variable (here GDP) between real-world
data and simulated values of variables is used. Since the basis of DSGE models is the changes in the random
component of variables in a general equilibrium framework and the model of the present study is also linearly
coded and the equations are linearized in logarithms and all variables are considered as logarithmic
differences of their long-term values, it is necessary to extract the moments of the real data of the variables,
first the time series of all selected variables are considered logarithmically and then using the Hodrick-
Prescott filter, the long-term logarithm value of the variable is separated as a trend component from the value
of fluctuations. Then the value of the fluctuations of the variables is used as the basis for calculating the
moments of the variables (variance or correlation). Considering the torque values obtained ‘i 1 the model
simulation as well as the calculated torque values of the real data in Table 6, the, model 1{acceptable for
simulation.

A comparison of the second-order moments of the variables of GDP, household‘consumption, household
investment, current government spending, and non-oil exports with the simulatédim@ments of these variables
is presented in Table 6. The closer the simulated moments are to the actual moements, the more appropriately
the model has been able to explain the realities of the Iranian economy,.

Table 6 - Comparison of actual and simulated torques of selected variables
Variable Variable symbol Variance Correlation with GDP
Real data  Simulation'data | Real data  Simulation data

Gross Domestic Product Y 0.0056 0.0021 1 1

Household consumption C 0.0044 0.0032 0.924 0.911
Household investment I 0.0136 0.0131 0.721 0.518
Current government spending G° 0.0042, ¢ 0.0061 0.362 0.648
Non-oil exports Y= 0.0752. "~ 0.0516 0.432 0.583

Souree: Research findings

As is clear from the above table, the second-order moments of the variables of GDP, household
consumption, household investment cunent\&\femment expenditure and non-oil exports of the model are
almost consistent with the second-ordet moments of the actual data of these variables. This situation
indicates that the designed model,can be used for studying the Iranian economy.

7- Analysis of instantaneous tesponse functions of macroeconomic variables

In this section, the impact,of intetnational sanctions shocks on macroeconomic variables and the impact
of nominal exchange rate shochs on macroeconomic variables are analyzed using the instantaneous response
functions of the variables.

After exportingieil'and selling it to foreign buyers, the government's foreign exchange resources from oil
exports are soldto'the Central Bank, and the Central Bank increases the government's treasury account with
rial resources in‘exehange for the dollars it has purchased. This action by the Central Bank increases the
Central Bank's foteign reserves on the bank's balance sheet, which, given the role of the Central Bank's
foreign re{rves in the monetary base, increases the monetary base. If the share of the Central Bank's foreign
reserves in the monetary base increases (against the share of the government's debt to the Central Bank in
the monetary base), the Central Bank tries to increase the value of the rial against foreign currencies by
increasing the supply of foreign currency to the market (decreasing the nominal exchange rate), and if the
share of the Central Bank's foreign reserves in the monetary base decreases (against the share of the
government's debt to the Central Bank in the monetary base), the Central Bank tries to reduce the value of
the rial against foreign currencies by decreasing the supply of foreign currency to the market (increasing the
nominal exchange rate). The first action of the central bank in the foreign exchange market leads to a
decrease in the nominal exchange rate, and the second action of the central bank in the foreign exchange
market leads to an increase in the nominal exchange rate.
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Figure 1- The impact of the international sanctions shock on the variables of 0il export revenues,
central bank foreign reserves, monetary base, and nominal exehange rate growth
Source: Research findings

According to Figure 1, as international sanctions become more sevete, foreign exchange earnings from
oil exports decrease. The decrease in foreign exchange earnihgs from\o’\i‘kexports leads to a decrease in the
central bank’s foreign reserves, and given the role of the central bank’s foreign reserves in the monetary
base, the monetary base decreases. Given the sharper decrease in the central bank’s foreign reserves
compared to the decrease in the monetary base, the ratio,of the central bank’s foreign reserves to the
monetary base decreases, and by reducing the ratioyof the central bank’s foreign reserves to the monetary
base, the central bank tries to reduce the value of the riallagainst foreign currencies by reducing the supply
of foreign exchange to the market. This attion'by the eentral bank in the foreign exchange market leads to
an increase in the growth of the nominal exchange'rate.

International sanctions, by limiting and'in¢teasing the risk of international financial transactions and also
increasing various types of financial frictions%.lch as fines or even collecting the global exchange networks
of the sanctioned country, sanctioning the banking network of the sanctioned country, preventing the
formation of bilateral monetary agreements, preventing the physical transfer of currency notes or official
banknotes of the sanctiened country,/preventing the transfer of precious metals and non-financial frictions
such as fines or even threats to international companies to insure commercial shipments of the sanctioned
country, fines or even threafS'to international shipping companies to transport commercial shipments of the
sanctioned country, thzeatening other countries to provide port services to ships carrying commercial
shipments of the sanctionéd“country, numerous inspections of commercial shipments of the sanctioned
countryy increaseqhe costs of trade exchange, including the export of intermediate goods and the import of
consumer.goods, the import of capital goods and the import of intermediate inputs for the sanctioned country,
and by mereasing the costs of Trade exchange, the marginal cost of commercial goods, including
intermediate’' goods supplied to foreign markets (export intermediate goods) and imported consumer goods,
impotted capital goods and imported intermediate inputs, increases, and the increase in the marginal cost of
cofumercial goods leads to an increase in the inflation of the price index of commercial goods, including
intermediate goods supplied to foreign markets (export intermediate goods) and imported consumer goods,
imported capital goods and imported intermediate inputs. The increase in the inflation of the price index of
intermediate goods supplied to foreign markets (export intermediate goods) causes the competitiveness of
domestic products to decrease against foreign products and causes a decrease in foreign demand for domestic
products. The increase in the inflation of the price index of imported consumer goods, imported capital goods
and imported intermediate inputs causes a decrease in domestic demand for foreign products.
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Figure 2- The impact of the international sanctions shock on the variables of transaction costs of
exports of intermediate goods, the marginal cost of intermediate, goods,supplied to foreign markets
(exported intermediate goods), the inflation index of the pricerofintermediate goods supplied to
foreign markets, and the amount of exports ofiintérmediate goods

Source: Research findings AN

According to Figure 2, as the intensity of international sanctions increases, the transaction costs of
exporting intermediate goods increase. The increase in the transacti}n costs of exporting intermediate goods
increases the final cost of intermediate goods supplied to foreign markets (exported intermediate goods), and
the increase in the final cost of intermediate goods supplie&\to foreign markets leads to an increase in the
inflation of the price index of intermediate geods supplied to,foreign markets. The increase in the inflation
of the price index of intermediate goods supplied to‘foreign markets causes the competitiveness of domestic
products to decrease against foreign produets, which reduces foreign demand for domestic products, and
ultimately reduces the amount of exports 6f i&tbrmediate goods.
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Figuxe 3- Thedmpact.of the international sanctions shock on the variables of transaction costs of
importediconsumer goods, the marginal cost of imported consumer goods, and the inflation index of
imported consumer goods

AN Source: Research findings
Aecording to Figure 3, as the intensity of international sanctions increases, the transaction costs of
importing consumer goods increase. The increase in the transaction costs of importing consumer goods
increases the final cost of imported consumer goods, and the increase in the final cost of imported consumer

goods leads to an increase in the inflation of the price index of imported consumer goods.
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Figure 4- The impact of the international sanctions shock on the variables of transaction costs of
imported capital goods, the marginal cost of imported capital goods, and the inflation of the price
index of imported capital goods
Source: Research findings

According to Figure 4, as the intensity of international sanctions increases, the transaction costs of
importing capital goods increase. The increase in the transaction costs of importing capital goods increases
the final cost of imported capital goods, and the increase in the final cost of imported capital goods leads to
an increase in the inflation of the price index of imported capital goods.
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Figure 5- The impact of the international sanctions shock on the variables of transaction costs of
imported intermediate inputs, the final cost of imported intermediate inputs, and the inflation of the
price index of imported intermediate inputs
Source: Research findings

According to Figure 5, as the intensity of international ‘sanctiofis, ihcreases, the transaction costs of
importing intermediate inputs increase. An increase in the transaction costs of importing intermediate inputs
increases the final cost of imported intermediate inputs,gand anjincrease in the final cost of imported

intermediate inputs leads to an increase in the inflationsof't

IQprice index of imported intermediate inputs.
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Figu¥e 6 - The impact of the shock of international sanctions on the variables of the final cost of
products\produced by intermediary firms, the inflation index of the price of intermediate goods
supplied to the domestic market, the production volume of intermediary firms, and the demand of
producers of intermediate goods for private capital inputs, labor, and intermediate inputs
Source: Research findings

According to Figure 6, intermediate goods manufacturing firms that supply part of their products to the
domestic market, due to the fact that they use imported intermediate inputs in the process of producing
intermediate goods, face cost pressure with an increase in the inflation index of the price of imported
intermediate inputs, which is manifested in the form of an increase in the final cost of the products produced
by intermediate firms. With an increase in the final cost of the products produced by intermediate firms, the
inflation index of the price of intermediate goods supplied to the domestic market increases. With an increase
in the final cost of the products produced by intermediate firms, the production of intermediate firms



decreases and subsequently the demand of intermediate goods manufacturers for private capital inputs, labor,

and intermediate inputs decreases.
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Figure 7 - The impact of a nominal exchange rate shock on the variables of intermediate goods

exports, consumer goods imports, capital goods imports, intermediate input imports, and total

output (GDP) AN
Source: Research findings

According to Figure 7, with an increase in the nominal exchangg> rate, the marginal cost of intermediate
goods supplied to foreign markets (exported intermediategoeds) decreases, and the decrease in the marginal
cost of intermediate goods supplied to foreign markets leads'to a decrease in the inflation of the price index
of intermediate goods supplied to foreign markets. The decrease in the inflation of the price index of
intermediate goods supplied to foreign marketsiincréases the competitiveness of domestic products against
foreign products, increases foreign demandrforidomestic products, and ultimately increases the amount of
exports of intermediate goods. AN

According to Figure 7, with an increase} the nominal exchange rate, the marginal cost of imported
consumer goods increases, and the ffieréase in the marginal cost of imported consumer goods leads to an
increase in the inflation ofythe price.index of imported consumer goods. The increase in the inflation of the
price index of importedyconsumer goods causes the competitiveness of foreign products to decrease against
domestic products, whichijleads to‘a decrease in domestic demand for foreign products, and ultimately the
amount of imported consum&\goods decreases.

According toFigure 7, with an increase in the nominal exchange rate, the marginal cost of imported
capital goods increases, andithe increase in the marginal cost of imported capital goods leads to an increase
in the inflation ‘ofithe price index of imported capital goods. The increase in the inflation of the price index
of imported capital goods causes the competitiveness of foreign products to decrease against domestic
products, Wwhich leads to a decrease in domestic demand for foreign products, and ultimately the amount of
capital goods imported decreases.

Aecording to Figure 7, with an increase in the nominal exchange rate, the marginal cost of imported
intermediate inputs increases, and the increase in the marginal cost of imported intermediate inputs leads to
an increase in the inflation of the price index of imported intermediate inputs. The increase in the inflation
of the price index of imported intermediate inputs causes the competitiveness of foreign products to decrease
against domestic products, which leads to a decrease in domestic demand for foreign products, and ultimately
the amount of imported intermediate inputs decreases.

According to Figure 7, total output (GDP) increases in response to an increase in the nominal exchange
rate due to an increase in exports of intermediate goods and a decrease in imports of consumer goods, capital
goods, and intermediate inputs.

8- Sensitivity analysis of model parameters

In this section, we examine the sensitivity analysis of the impact of international sanctions shocks on the

inflation variable of the price index of intermediate goods supplied to the domestic market with respect to



changes in the parameter of the degree of stickiness of the price of the intermediary firm supplying the
product to the domestic market () and the sensitivity analysis of the impact of the nominal exchange rate
shock on the inflation variable of the price index of intermediate goods supplied to foreign markets with
respect to changes in the parameter of the degree of stickiness of the price of the intermediary firm supplying
the product to foreign markets (7).

The parameter of the degree of price stickiness of the intermediary firm supplying the product to the
domestic market (z,;) and the parameter of the degree of price stickiness of the intermediary firm supplying
the product to foreign markets (7,,) can range between zero (perfect price flexibility) and one (perfect price
stickiness).

The results of the sensitivity analysis of the impact of the international sanctions shock on the inflation
variable of the price index of intermediate goods supplied to the domestic market to changes in the price
stickiness parameter of the intermediary firm supplying the product to the domestic market (Td)}are given
in Table 7. As explained in Figure 6, the impact of the international sanctions shogk on thetinflation variable
of the price index of intermediate goods supplied to the domestic market is positive.

Table 7- Sensitivity analysis of the impact of international sanctions on the inflation variable of the
price index of intermediate goods supplied to the domestic market with respect.to changes in the
parameter of the degree of stickiness of the price of the intermediate firm sup}lying the product to
the domestic market (74)

The parameter of the degree of price stickiness of the 0 0.1 0.2 0.3 0.4
intermediary firm supplying the product to the domestic magket \\
(tg)
Average (X 107%) 6.032 | 6.008 | 5.982 | 5.946 | 5.824
The parameter of the degree of price stickiness,o0f ‘the | 10.5 0.6 0.7 0.8 0.9
intermediary firm supplying the product to the domeStic market
(zq) AN
Average (X 1076) N\ 5.653 | 5378 | 4.759 | 3.127 | 3.068
Source: Research findings

In Table 7, the average refers to the ayeragéimpact of the international sanctions shock on the inflation
variable of the price index of intermediate goéds supplied to the domestic market over the 40 periods under
study. As can be seen in Table 7, the,average impact of the international sanctions shock on the inflation
variable of the price index of inférniediate goods supplied to the domestic market is close to each other at
different values of the parameter of the degree of stickiness of the price of the intermediary firm supplying
the product to the domesticymarket (z,), and the closeness of the average impact of the international
sanctions shock on the inflatien variable of the price index of intermediate goods supplied to the domestic
market at different values ofithe parameter of the degree of stickiness of the price of the intermediary firm
supplying the produet to'the.domestic market (7,) shows that the results are not dependent on the calibrated
values.

The resultsyof the sensitivity analysis of the effect of the nominal exchange rate shock on the inflation
variable of the price index of intermediate goods supplied to foreign markets with respect to changes in the
parametef.of the degree of stickiness of the price of the intermediary firm supplying the product to foreign
markets\(Ty) are given in Table 8. As explained in Figure 7, the effect of the nominal exchange rate shock
onsithe anflation variable of the price index of intermediate goods supplied to foreign markets is negative.




Table 8- Sensitivity analysis of the effect of a nominal exchange rate shock on the inflation variable

of the price index of intermediate goods supplied to foreign markets with respect to changes in the

parameter of the degree of stickiness of the price of the intermediate firm supplying the product to
foreign markets (7,)

The parameter of the price stickiness of the 0 0.1 0.2 0.3 0.4
intermediary firm supplying the product to foreign
markets (z,)

Average (X 10™%) -8.9304 | -8.9257 | -8.9241 | -8.9185 | -8.9062
The parameter of the price stickiness of the 0.5 0.6 0.7 0.8 0.9
intermediary firm supplying the product to foreign
markets (7,)

Average (X 107%) -8.8529 | -8.8244 | -8.7635 | 841690 -8.2873

Source: Research findings N\

In Table 8, the mean means the average effect of the nominal exchange rate shockien the inflation variable
of the price index of intermediate goods supplied to foreign markets over the 40,petiodsyunder study. As can
be seen in Table 8, the average effect of the nominal exchange rate shock on the 'Qﬂation variable of the
price index of intermediate goods supplied to foreign markets is close to each other at different values of the
parameter of the degree of stickiness of the price of the intermediary fizm supplying the product to foreign
markets (7,), and the closeness of the average effect of the nominal exchange rate shock on the inflation
variable of the price index of intermediate goods supplied to foreig&m\@arkets at different values of the
parameter of the degree of stickiness of the price of the intermediary firm supplying the product to foreign
markets (7,.) shows that the results are not dependent on the calibrated values.

9- Policy proposals

1- Sanctioning countries do not impose sanctions'on the strengths of the target country. The issue of
reducing the value of the national currency (increasin%hbk@ exchange rate) is one of the main weaknesses of
the country. Surgery, reforms and structurdl changes; eliminating structural problems and strengthening the
country's economic infrastructure (such as preblems with the business environment, problems with the tax
system, problems with the money, currengy, eapital markets, etc.) must be carried out in such a way that the
Iranian economy can resist sanctionsiand neutralize their effects. This is the same as turning sanctions into
a favorable opportunity to strengthen €conomic structures. The Iranian economy needs a resilient and
resilient monetary and exchange(systém. It is obvious that by strengthening each area, the sanctions in that
area will be lifted or rendered ineffective.

2- Given that economig sanctiofis have had a significant impact on the exchange rate, it is recommended
that the country's diplomaticiapparatus, through an active foreign policy and the use of economic diplomacy,
make every effort to liftisanctions or at least reduce them to a weak level, and prevent global consensus
building, especially by the Wnited States of America, against Iran and Iran's exit from economic isolation (in
the context of tension-free relations with other countries). By lifting sanctions, the rate of utilization of
production capacities will increase and the entry of capital goods will also be facilitated.

3- In'the'context of economic sanctions, where the amount of income from oil exports has been severely
limited and the amount of non-oil exports of the country and the foreign exchange earned from it have also
decreased, and the country's import needs, mainly consumer goods, capital goods, and essential intermediate
inputs, temain strong, the country's foreign exchange resources are limited. Therefore, in the first step, it is
necessary for the government and the Central Bank to prevent the negative and destructive impact of
economic sanctions on the country's trade, firstly, to prevent the wastage of the country's foreign exchange
resources and refrain from allocating foreign exchange to unnecessary imported goods, and secondly, to
make the foreign exchange available in the country available to meet the country's essential imported needs
and goods that do not have domestic equivalents. Announcing a list of essential imported items and goods
that do not have domestic equivalents and establishing supervisory systems in the country's customs are
among the prerequisites for this policy proposal.

4- Since Iran is forced to import a number of raw materials, goods and services, and under economic
sanctions, the import of these goods that are in the process of production is reduced, therefore, through
necessary policies such as incentive policies, maximum use of domestic tricks, foreign joint investments,
etc., measures should be devised so that a part of the capital goods and intermediate inputs required are




produced domestically, considering the existing capabilities, so that the country's production capacity does
not face problems. Therefore, the first step is long-term planning in the field of self-sufficiency in the
production of those goods and cutting off imports. Entering this path requires prerequisites such as a
calculated roadmap, estimating the ability and capacity to achieve the required technical knowledge, using
all available capacities (even foreign capacity), and finally, real support for those working in that field. The
second step is to continue on the path of self-sufficiency, and even if sanctions are lifted or it is possible to
import those goods cheaper than the domestic cost, the prepared roadmap should still proceed without
interruption. Even if it is not economically viable for those products to be produced in the country, the
potential possibility of producing them in the country should be institutionalized and, with the advancement
of science, the quality and technology of their production should also be updated.

5- The results show that the policy of devaluation of the national currency (policy of increasing the
exchange rate) cannot create serious momentum in non-oil exports. If policymakers areseeking,toystimulate
non-oil exports, non-price policies should also be considered in addition to this policy. Tk@é policies
include: improving the country's business environment, improving trade infrastructure, de{/eloping credit
lines with target export markets, granting facilities at preferential and targeted rates;strong economic and
trade diplomacy in export markets, and ...
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