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ABSTRACT

The present study examines the impact of monetary policy on nominal and real stock returns
in Iran during bull and bear stock market cycles. Estimating the models with a modified
version of the Hamilton (1989) Markov-switching model and by employing the quarterly
data spanning from 1991/92 to 2016/17, the results indicate that an expansionary monetary
policy has a positive and statistically significant impact on stock returns only in bear regimes
in line with the prediction of models with financial restrictions. By employing time-varying
transition probability Markov-switching models the findings also indicate that an easy
monetary policy increases the probability of remaining in a bull regime while reduces the
probability of being trapped in a bear one.
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1- Introduction

Investigating the link between monetary policy and stock returns has
been very important for monetary policymakers and financial market
investors to employ appropriate monetary policy and make the right
investment decisions. As stated by Bernanke and Kuttner (2005),
financial market is an important channel of monetary policy
transmission mechanism. Monetary policy affects its ultimate
objectives indirectly via financial markets. Moreover, it has been of
great interest to economists whether monetary policy has the same sort
of effects in bull and bear stock market cycles. If monetary policy has
asymmetric impacts, policy makers should consider stock market
cycles! when implement monetary policy.

The objective of the present study is to investigate the reaction
of stock returns to monetary policy and asymmetries over bull and bear
cycles in Iran. Moreover, the impact of monetary policy on the
switching probabilities between bull and bear regimes is also
examined. Possible asymmetries are examined using Markov-
switching (MS) models?.

This study contributes to the existing literature in the following
ways: First, most of the existing literature related to monetary policy
asymmetries concentrate on the developed countries especially United
State®. Due to difference in financial markets conditions and economic
structures in Iran with that of advanced countries, the findings in
developed economies is not exactly applicable for developing
economies®. This study fills the gap in the literature by investigating

1 Bull and bear stock market cycles

2 We employ a modified version of Markov-switching modes developed by Hamilton (1989).
3 See section 2.2 for a detailed review of empirical literature.

“Iran stock market faces some structural problems in the following areas compared to stock
market in developed countries. (1) Major shareholders are state-owned or semi-state-owned
such as banks, pension funds and other similar institutions. This may prevent small private
investors to be able to compete with them. (2) It faces serious constraints in international
communications largely influenced by political factors such as international sanctions and
underdeveloped economic infrastructures. (3) The role of debt instruments and derivatives are
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asymmetric impacts of monetary policy in Iran. Second, this study
investigates the asymmetric impacts of monetary policy on stock
returns over bull and bear stock market conditions in Iran. In recent
years, some papers has been published to explore asymmetries Iran.
However, Most of the literature related to this issue are dealing with
asymmetric effects on real output (see for instance, Sharifi Renani,
Salehi, Ghobadi & Salehi, 2012; Gholami, Farzinvash & Ehsani, 2013;
Jafari Samimi, Ehsani, Tehranchian & Ghaderi, 2014; Zare, 2015 and
Komijani, Elahi & Salehi Rezveh, 2015). As far as we know, the only
exception is Mousavi jahromi and Rostami (2015) who examined
asymmetries® on stock price index in Iran. Third, this study employs
fixed-transition probability (FTP-MS) and time-varying-transition-
probability Markov-switching (TVTP-MS) models which are not
explored in the related literature in Iran. In FTP models, the transition
probabilities are static. In TVTP models, we assume the probability of
switching between regimes to depend on monetary policy evolutions
(Mousavi jahromi & Rostami, 2015).

The rest of paper is structured as follows. The next section
reviews the theoretical and empirical literature. Econometric
framework and the data are presented in Section 3. Section 4 reports
the empirical results of the asymmetries and transition probabilities of
switching between regimes. Finally, Section 4 concludes with some
policy implications.

very limited in Iran stock market. (4) Share turnover as a measure of stock liquidity is very
low. This measure is calculated by dividing the total number of shares traded over a period by
the average number of shares outstanding for the period. This ratio is less than 0.2 for Iran but
in some developed countries is around 2. (5) Very low rank in terms of market value relative
to GDP. This ratio in Iran stock market is around 20% compared to around 80% in developed
countries. (6) Floating stocks are much lower than developed countries. This ratio is around
20% in Iran compared to 70% to 90% in developed markets. (7) Low ratio of active
shareholders to total population. This ratio is near 10% in Iran stock market compared to 50%
in developed countries. (8) High percentage of dividends in Iran stock market. (9) Total value
of share traded relative to GDP is low in in Iran stock market. (10) Iran stock market
organizations does not have political and economic independence.

5 Asymmetric effects of positive and negative monetary policy shocks.
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2- Literature review

2-1- Theoretical literature

2-1-2- Monetary policy and stock returns

Mishkin (2007) describe the asset pricing channel® though which
monetary policy affects the stock prices and returns (Mishkin, 2007).
According to this channel:

(1) = E (S0 i)

Where Q; is the current price of stock, C denotes its cash flows,
r is the interest rate to discount the future and E; is the expectations
operator. From this simple model, monetary policy decisions (change
in policy rate or money supply) can affect stock prices directly through
discount rate (1 + 7,,)%, and indirectly by influencing expectations
of future cash flows. An increase in interest rate leads to lower expected
future cash flow and hence lower stock prices’.

2-1-3- Asymmetric effects of monetary policy

The theoretical framework for explaining the asymmetries over
business cycles can be described by the models with financial
restrictions. Recent financial theories of business cycle® describe how
financial factors may enhance the effects of monetary policy. These
models are based on “credit market imperfections” theories. According
to these theories asymmetric information between lenders and
borrowers prohibits efficient allocation of resources and leads to
deadweight losses (agency costs) in optimal financial contracts. The

6 According to this channel the price of a financial asset is equal to the discounted present value
of expected future cash flows.

7 Mishkin (1996) also elaborated two views through which monetary policy can influence stock
prices: the monetarist view and the Keynesian view. From the monetarist view, expansionary
monetary policies increase the optimum money balances and hence enhance the demand for
equities and raising their prices. Keynesian argues that the fall in interest rates stemming from
expansionary monetary policies making bonds less attractive than equities causing the price of
equities to rise.

8 These theories are developed by Bernanke and Gertler (1989) and Kiyotaki and Moore
(1997).
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lender should impose agency costs to borrower to solve the moral
hazard problem®. Moreover, the lender must impose a monitoring cost
to the borrower to overcome asymmetric information. These costs
reveal in “external finance premium”. The balance sheet channel of
money transmission mechanism stated by Bernanke and Gertler (1995)
predict that the “external finance premium” is contrary to the
borrower's net worth (Gertler, 1995).

The fact that borrower’s net worth is likely to be procyclical
implies that “external finance premium” increase during recessionary
phases of business cycle and decrease during expansions. Thus, during
recession the “external finance premium” will be relatively high which
creates a financial propagation mechanism which intensify the interest
rate effects of monetary policy by reducing the investment demand for
constrained agents. The above discussion explains why monetary
policy is more effective in recessions than expansions.

The models with financial restrictions also explain why
monetary policy is more effective in bear cycles than bulls. According
to these models, financial restrictions are more in bear cycles®® because
of lower net worth in these periods. The lower the net worth, the greater
the external finance premium should be. Higher external finance
premium create a financial propagation mechanism which amplify the
interest rate effects of monetary policy (Garcia & Schaller, 2002; Chen,
2007).

2-2-  Empirical literature

The impact of monetary policy on stock returns has been widely
investigated in the last few years. The early literature in the 1960s to
1970s used money aggregate data to measure monetary policy.

9 Moral hazard in this context refers to the notion that borrowers who need access to credit may
be those who are least likely to be able to repay their debts.

10 When there is asymmetric information in the financial market, borrowers behave like a
financially constraint agent.
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However, the empirical findings are different'’. Since the influential
paper by Bernanke & Blinder (1992), this relationship has been

reexamined using the interest rate as measure of monetary policy (See
for instance Thorbecke, 1997; Patelis, 1997; Conover, Jensen &
Johnson, 1999).

Since then, two important contributions have been made to the
related literature. The first one emphasizes on the unanticipated
monetary policy shocks. Bernanke & Kuttner (2005) argued that stock
market is not likely to react to anticipated monetary policy shocks.
Accordingly, they extracted unanticipated monetary policy shocks
from Federal funds futures by adopting the methodology suggested by
Kuttner (2001). After controlling this issue the important finding is that

stock returns only react to the unanticipated monetary policy shocks?
13

The second contribution emphasizes on the endogeneity
problem due to a bidirectional causality between monetary policy and
stock prices. To circumvent the endogeneity problem a very high
frequency dataset including daily and intraday dataset has been utilized
which often has been referred to as the event study approach in the
literature (see for instance Rigobon & Sack, 2004; Bernanke & kuttner
2005; Farka 2009; Chulia, Martens & Dijk, 2010 among others).
However, as argued by Tsai (2011) a very high frequency event study

1 For instance Keran (1971), Homa and Jaffee (1971) and Hamburner and Kochin (1972)
found that monetary policy significantly affect stock returns. Cooper (1974), Pesando (1974),
Rozeff (1974) and Rogalski and Vinso (1977) could not find significant relationship between
these variables.

2 In this research we do not follow this methodology for identification of the surprise
component of monetary policy since unlike the developed economies, short term interest rate
future contracts are not available in Iran.

13 Refer to Bernanke and Kuttner, 2005; Chulia et al., 2010; Ehrmann and Fratzscher, 2004;
Guo, 2004; Rigobon and Sack, 2004; Basistha and Kurov, 2008; Jansen and Tsai, 2010; Neely
and Fawley, 2014 for a close review.
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approach cannot estimate the dynamic impact of monetary policy“.
Tabel 1 provides a summary of the related literature in some developed
and developing countries.

Tabel 1. Summary of the Empirical Studies
Source: Research calculations

Authors Sample sample Methods Findings
countries | period
Laopodis us 1970-1978, VAR models | No relationship between the two
(2013) 1979-1987, variables.
1987-2005,
Bouakez us 1982:11- a flexible | Much weaker interaction than
(2013) 2007:11 SVAR model | suggested by earlier studies.
Jansen & | US June 1989- the time- | Monetary policy surprise affects
Zervou (2017) December varying stock prices.
2007 parameters
model
Ibrahim Malaysia | Pre and post | VAR models | Positive relation between monetary
(2003) 1997 crisis supply and stock price
Coleman & | Ghana 1991-2005 Error Negative relation between interest
Agyire-Tettey correction rate and stock price
(2008) models
Suhaibu et al. | 12 1979-2013 panel VAR | Stock markets are positively
(2017) African model affected by monetary policy
countries
Zhang et al. | China 2005 - 2012 a non-linear | Significantly asymmetric effects of
(2017) VAR model monetary policy over stock market
cycles
Guo et al. | China 2005 - 2011 The Significantly ~ asymmetries  in
(2013) MSVAR- different time periods and market
EGARCH cycles
model
Sharma et al. | India 2003-2008 EGARCH Positive relation between monetary
(2019) 2008-2013 model policy and stock price in period 3
2013-2016 (2013-2016) in India as compared

to period 1 (2003-2008) and period
2 (2008-2013).

Nwakoby & | Nigeria 1986 —2013 The Positive  long-run  relationship
Alajekwu Johansen co- | between variables. The granger
(2016) integration causality analyses equally showed

and the | that this relationship runs from

stock market to monetary policy

14 This limitation and the unavailability of high frequency dataset in Iran motivate me to
employ a lower frequency dataset (quarterly data) for investigating the dynamic impact of
monetary policy on stock returns in Iran.
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granger implying that it is the stock

causality test | market activities that influences
the nature and direction of
monetary policy to follow.

Fadaeinejad Iran April 2003 to | Multiple Money supply negatively affect
& Farahani March 2015 regression stock price index in Iran.

(2017) models

Bayat et al. | Iran 1995:1- DSGE The reaction of central bank to
(2016) 2005:4 models deviations of total stock price index

from its equilibrium reduces
economic volatility and rises
overall macroeconomic stability.

Nonejad et al. | Iran 1990 - 2008 VAR models | Monetary policy has a significant
(2012) positive effect on real and nominal
stock price index in Iran.
Ebrahimi & | Iran 1999:3- Structural Money supply shocks positively
Shokri (2011) 2009:3 vector error | affect stock prices in Iran.
correction However, the magnitude of the
(SVEC) reaction of stock prices to shocks
models from variables such as oil prices,

GDP and exchange rate is greater
than the shocks from money

supply.
Eslamloueyan | Iran 1993:3 - | Auto Negative impact of money supply
& Zare (2007) 2003:2 regressive on stock price
distributed
lag (ARDL)
models

Some empirical studies have investigated asymmetries of monetary
policy®. Chen (2007) using MS models found that monetary policy is
more effective in bear cycles. He also found that a contractionary
monetary policy increases the probability of switching from the bull
market to the bear market regime. Jansen & Tsai (2010) and Kurov
(2010) examined the asymmetric response of stock returns to surprise
component of monetary policy shocks over bull and bear cycles in an
event study approach and found that monetary policy is more effective
in bear cycles than bulls. They employed the method suggested by

15 Lobo (2000), Bernanke and Kuttner (2005) and Chulia et al. (2010) found asymmetries
connected to the direction of monetary policy shocks. Guo (2004), Andersen et al. (2007) and
Basistha and Kurov(2008) studied the asymmetries over business cycle and showed that
monetary policy is more effective in recessions than booms consistent with the prediction of
models with financial restrictions.
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Kuttner (2001) to measure the surprise monetary policy shocks from
the Federal Funds future data. Beatrice et al., (2013) using MS-VAR?®
models found that the monetary policy affects house price more
strongly in bear regimes. Zare, Azali, Habibullah & Azman-Saini
(2014) examined asymmetries in a panel of ASEANS5 countries by
employing the PMG?!” method and found that monetary policy has
stronger impact on real output in bear cycles than bulls.

In the case of Iran, the related literature are limited (see for
instance, Sharifi Renani, Salehi, Ghobadi & Salehi, 2012; Gholami,
Farzinvash & Ehsani, 2013; Jafari Samimi, Ehsani, Tehranchian &
Ghaderi, 2014; Zare, 2015 and Komijani, Elahi & Salehi Rezveh, 2015,
Zare, 2015). These studies examine the asymmetric impact of monetary
policy on output and inflation. In the context of asymmetric effects of
monetary policy on stock returns in Iran, the literature are even more
limited. As far as we are aware, the only exception is Mousavi Jahromi
& Rostami (2015) who examined the asymmetric effects of anticipated
versus unanticipated monetary policy shocks and easy versus tight
policy shocks on stock price index over the period 1991-2010. Due to
the limited empirical studies in Iran, we examine the asymmetric
impacts of monetary policy on stock returns over bull and bear stock
market cycles in Iran.

3- Econometric framework

To examine asymmetries we employ MS® models developed by
Hamilton (1989). Unlike linear models this approach is nonlinear and
can handle asymmetries. Besides, the Hamilton algorithm
endogenously determines bull and bear stock market cycles based on
the data. In this study the Hamilton (1989) MS model is modified to
allow monetary policy to affect stock returns. Moreover, the basic MS

16 Markov-switching vector autoregressive
17 Pooled mean group
18 Markov-Switching
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model is extended to a TVTP-MS® model to allow the probability of
switching between regimes to depend on monetary policy.

1.1. Fixed transition probability MS model (FTP-MS model)

Let R, = 100 * Alog (P;), where log (P;) is the logarithm of the
nominal stock prices. Therefore, R, is stock returns. Consider the
following fixed transition probability MS Autoregressive (FTP —
MS — AR(q)) model:

2) @(L)R; = us, + €, €~i.i.d.N(0,08),
Where, (L) = 1 — L — L* — ---— L*¥. Term L denotes lag. us, and o¢.
are state-dependent mean and variance of R,. Term S; is a dummy

variable (0 for bull or 1 for bear). The transition probability matrix is
characterised by:

(3) p— [pOO p01]
B B p10 pll

where p/ = prob(S; = j|S,—; = i) with ¥;_,p" = 1 forall i.

In other words, p° is the probability of shift from state 1 to state 0 and

is equal to 1 — pt . At first, it is supposed that transition probabilities
are fixed over time with the following logit form:

00 _ €xp (6p)
(4) p = 1+exp (6y)
5 10 _ _exD (o)
) 1+exp (Yo)

The parameters 6, and y, define the transition probabilities. Then, we
allow transition probabilities to change over time to examine the
impact of monetary policy on the probability of switching between

19 Time-Varying-Transition-Probability Markov-Switching
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states. After estimating the parameters, we compute the filtered and
smoothed probabilities for dating regimes?.

3-2- A Modified MS Model
To examine asymmetries over bull and bear stock cycles we estimate a
modified MS model as follows:

(6) Ry = ps, + Z?:o ,Bst_]-Xt—j + 6z + €
e~i.i.d.N(0,0%)

Where X,_; is monetary policy indicator at time ¢t — j measured using
real M2 growth rate and changes in real interest rate. The asymmetric
impacts of monetary policy can be examined by comparing the
coefficients of X,_; in different states. Z, is a vector of relevant control
variables?!. These variables are important in explaining stock returns
by affecting future cash flows.

3-3- Time-varying transition probability MS model (TVTP-MS)

To examine the impact of monetary policy on the probability of
switching between alternative regimes we employ a TVTP-MS model.
This model assumes that the transition probabilities change in response
to the evolutions in monetary policy. The time-varying transition
probability matrix can be specified as follows:

20 Filtered probabilities are inferences about S, conditional on information up to time t. The so-
called filterd probabilities are given by:

p(Se = jloy) = 11:0 ---Zi:o p (St =j,Se—1 =1, ., Se—r = kDY) i ., k=01 Q)

The smoothed probabilities are inferences about S; by using all the information available in the
sample. These probabilities provide information about the regime in which the series is most
likely to have been at every point in the sample. So, they are very useful for dating regimes. In
most applications, filtered and smoothed probabilities would lead to very similar conclusions.

2! These variables include real GDP growth rate, inflation rate and exchange rate growth.
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@) p, = ngO(Zt) pt(Zy)

N p®(Zy) pi'(Zy)
Where p,) = prob(S; = j|S;_1 =i, Zy), and Z; = {Z;, Z;_4,...} is
monetary policy. Therefore the probability of switching between
alternative states is assumed to depend on monetary policy. Transition
probabilities are as follows:

00 _ _eXp (60+6:Z¢)
(8) pe (Zy) = 1+exp (Bp+61Z¢)

11(7.) = XPWo+riZ0)
) pe (Z,) = 1+exp(yo+y1Z¢)
Clearly,

ap?° 00 00
(10) oz, = Oape (1= Pe)

apit 11 11
(11) oz, ~ 1Pt (1=Pe)

opi"
0z,
the signs of 8, and y,, respectively. Thus, the estimates of 8, and
yiindicate the impact of monetary policy on the probability of
switching between regimes.

00
Since 0 < pf°,pit < 1, the signs of Zp—zt and are determined by
t

3-4- The data

Our empirical application is based on the quarterly dataset of Iran stock
market spanning from 1991/92 to 2016/17. We use total share price
index to construct nominal and real stock returns. Nominal stock
returns are computed from the logarithmic difference of total share
price index. Then, the CPI inflation rate is deducted from nominal
returns to compute real returns. Real returns are employed for the
robustness check of empirical findings. Figure 1 represents the
movements of the total share price index. Nominal and real returns are
presented in figure 2. As is evident from figure 1 total share price index
experiences upward trend to reach a peak in 2014Q1. Then, it is
declined until last quarter of 2015 and then resumed its upward trend
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but still below its peak during the sample period. The summary
statistics of the quarterly nominal and real return series are presented
in Tabel 2. As depicted in the Tabel 2, Tehran stock exchange exhibit
positive returns over the sample period. The nominal and real mean
returns are 5.66% and 1.46% over the sample period, respectively. As
reflected by the standard deviation, nominal and real returns display
the same volatility. The market returns are positively skewed with more
skewness in the case of nominal returns. Kurtosis statistics are lower
than 3 indicate thinner tail than normal distribution. The Jarque-Bera
test statistics for normality show normal distribution in both nominal
and real returns.

Tabel 2. Descriptive Statistics of the Stock Market Returns
Source: Research calculations

Nominal return Real return

Mean 5.66 1.46
Median 6.20 1.46
Maximum 23.85 16.56
Minimum -6.43 -12.97
Std. Dev. 8.60 8.55
Skewness 0.12 0.01
Kurtosis 2.00 1.84
Jarque-Bera 157 2.02
Probability 0.46 0.36
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Figure 1. Total Share Price Index, Nominal and Real Returns
Source: Research calculations

We employ two measures of monetary policy: real M2 growth and
changes in real interest rate. One year deposit rate is used as the suitable
interest rate variable. The selection of appropriate measure of monetary
policy is an important aspect of the analysis of monetary policy effects.
Using money aggregates as measure of monetary policy has an
identification problem since it reflects the endogenous responses of
central banks to economic development and a variety of non-policy
influences. Moreover, it may show demand for money (Morgan, 1993;
Bernanke & Mihov, 1998; Kakes, 1998). Due to these deficiencies
Bernanke & Blinder (1992) emphasized the role of interest rate as
monetary policy indicator. Accordingly, we employ real interest rate as
an alternative monetary policy indicator to check the robustness of the
empirical findings.

Other variables considered in the study are as follows. Real
output is represented by GDP at constant prices (2005=100). Exchange
rate is spot Rial-USD exchange rate. The main source of the data is the
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economic time series database of the Central Bank of Iran through its
official website (http://www.cbi.ir). The results of ADF and PP tests??
are presented in Tabel 3 The findings indicate that all the variables
considered in the analysis are stationary.

Tabel 3. Unit Root Tests
Source: Research calculations

ADF PP
Variable

-3.760 -3.887
Nominal returns

-4.265 -4.402
Real returns

-4.432 -11.811
Real M2 growth

-7.092 -5.029
Changes in real interest
rate

-3.336 -6.740
Inflation rate

-11.118 -11.612
Real GDP growth

-9.004 -9.174
Exchange rate growth

NOTE: Critical values for ADF and PP are -3.49 (1%), —2.89 (5%), and —2.58 (10%). Lags in
ADF are selected by Schwartz Bayesian information criterion (SC).

4- Empirical results

4-1- FTP-MS model

The finding of linear and MS models are depicted in Table 4. No AR
lag in R, is selected based on non-autocorrelated error terms. Based on
the likelihood-ratio (LR) test the Marrkov-switching models perform
better than linear models. The LR test statistic®® is 76.92 for the
nominal returns data and 59.98 for real returns data®*. The LR statistic

22 The augmented Dickey-Fuller (ADF) and the Phillips-Perron (PP) unit root tests

2 LR test statistic is computed as LR = 2LL_M2 — 2LL_M1. Where LL_M?2 is the LogLik of
the Markov-switching model and LL_M1 is the LogLik of the linear model.

24 Garcia (1998) tabulates critical values for the simple two-means, two-variances FTP-MS-
AR(0) model under the null of no switching.
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is much higher than the 99%-critical value (14.02). According to the
findings depicted in Table 4, the MS models identify two regimes with
different means and variances conventionally labelled as bull (regime
0) and bear (regime 1). Average expected durations of bull and bear
regimes reported in Table 5 show that both regimes are highly
persistent. They persists on average around 10 to 12 quarters. Figure 2
shows the smoothed probabilities of regime 0 (bull)?®®. As is evident
from Figure 1, both nominal returns and real returns show consistent

periods of bull and bear cycles.

Tabel 4. Linear and Ms Models
Source: Research calculations

Nominal returns Real returns
linear FTP-MS-AR(0) linear FTP-MS-AR(0)
u 5.097™" 0.719
(0.818) (0.792)
Ho 10.767" 6.240™"
(0.876) (0.977)
ITh -2.321™" -6.196™"
(0.455) (0.623)
o 8.181 7.920
o, 1.806™" 1.766™"
(0.101) (0.107)
o, 1.003™ 1.202™
(0.119) (0.122)
0, 2.428™ 2.299™"
(0.498) (0.527)
Yo -2.357™" -2.242""
(0.562) (0.554)
p°° 0.919 0.909
p° 0.081 0.091
logLik -351.573 -313.112 -348.325 -318.336

NOTE: The numbers in parentheses are the standard errors.”” represents significant at 1%
significance level.

% The smoothed probabilities of regime 0 (bull) are computed using the full-sample smoothing
algorithm of Kim (1994). Simply taking 0.5 as the cut-off value, the periods with smoothed
probabilities greater than 0.5 are more likely to be a bull regime.
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Tabel 5. Average Expected Durations of Bull and Bear Regimes
Source: Research calculations

Nominal returns Real returns
bull 12.332 quarters 10.414 quarters
bear 11.559 quarters 10.967 quarters

Notes: Average expected durations for regime 0 (bull) and regime 1 (bear) are computed as

T and rper respectively.
nrlrmn: I
o84 0.8
0.4 04
024 0.2
W U ULl |

A Rt s M s U M i bt o LA i gt kst A i s s R
72 74 76 78 80 82 84 86 88 90 92 94 72 74 76 78 80 82 84 86 88 920 92 94
nominal returns real returns

Figure 2. Smoothed Probabilities in Regime 0 (Bull)
Source: Research calculations

4-2- A modified MS model

The results of a modified MS model based on equation (8) are reported
in Table 6. The coefficients B, and S, show the response of stock
returns to monetary policy in bull and bear regimes, respectively. The
results show that monetary policy significantly affect stock returns only
in bear cycles. When we measure monetary policy by real M2, it has a
positive impact on stock returns. However, when it is measured by real
interest rate it has negatively affected stock returns. In other words,
increase in real M2 rise stock returns while increase in real interest rate
reduce returns?®. The stronger impact of monetary policy on stock
returns in bear market periods than bulls is in line with the prediction
of models with financial restrictions. These findings are consistent with

26 The empirical results from real returns data are very similar to what | obtained from nominal
returns data, thus making my estimates robust.
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the findings in Perez-Quiros & Timmermann(2000), Chen (2007),
Kurov (2010), Jansen & Tsai (2010) & Beatrice et al., (2013).

Tabel 6. FTP-MS models
Source: Research calculations

Nominal returns Real returns
real M2 growth Changes in real | real M2 | Changes in real
interest rate growth interest rate
Ho 8.150"" 9.911™ 8.150"" 9.911™
(1.578) (1.247) (1.577) (1.247)
I -5.218"™ -3.062" -5.218™ -3.062"
(1.199) (0.859) (1.199) (0.859)
oy 1.726™ 17717 1.726™ 17717
(0.105) (0.107) (0.105) (0.107)
o, 0.952"" 0.874™ 0.952"" 0.874™
(0.119) (0.122) (0.119) (0.122)
Bo -0.158 -0.238 -0.158 -0.238
(0.222) (0.276) (0.222) (0.2756)
B 0.293" -0.474™ 0.293" -0.474™
(0.131) (0.188) (0.131) (0.188)
0, 2.387" 2377 2.387" 2377
(0.578) (0.578) (0.578) (0.578)
Yo -2.437 -2.443™ -2.437 -2.443™
(0.510) (0.509) (0.510) (0.509)
p°° 0.916 0.915 0.916 0.915
p° 0.084 0.085 0.084 0.085
Inflation rate 0.689"" 0.218 -0.311 -0.782""
(0.259) (0.211) (0.259) (0.211)
Real GDP | 0.066 0.074" 0.066 0.074"
growth (0.049) (0.046) (0.049) (0.046)
Growth rate of | -0.122" -0.060 -0.122" -0.060
exchange rate (0.071) (0.069) (0.071) (0.069)
logLik -305.769 -306.358 -305.769 -306.359

NOTE: Refer to notes of Table 4. Real M2 growth and Changes in real interest rate are
monetary policy indicators.

4-3- TVTP-MS model

Does monetary policy affect the dynamics of switching between
regimes? To answer this question, we estimate a TVTP-MS model as
formulated in section 3.3. Table 7 presents the estimation results of 8,
and y; from equations (10) and (11). Clearly, it is found that 8; > 0
and ¥, < 0 in the case of employing real M2 as measure of monetary
policy. Here, 8; > 0 means that an expansionary monetary policy
raises the probability of remaining in a bull regime (ie., p°(Z,)).
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Furthermore, an expansionary monetary policy reduces the probability
of switching from a bull regime to a bear one (ie., p?*(Z,) =1 —
p2°(Z,)). In addition, since we get #; < 0, thus an expansionary
monetary policy decreases the probability of being trapped in a bear
market (i.e., pt*(Z,)) while it can increase the probability of switching
from a bear market to bull one (ie., p£°(Z,) = 1 — p1(Z,)).

In the case of employing real interest rate as measure of monetary
policy it is found that §; < 0 and #; > 0. Here, ; < 0 means that
negative changes in real interest rate (an expansionary monetary
policy) raises the probability of remaining in a bull regime while
reduces the probability of switching from a bull regime to a bear one.
In addition, since we get 7; > 0, thus negative changes in real interest
rate (an expansionary monetary policy) decreases the probability of
remaining in a bear market while it can increase the probability of
switching from a bear market to bull one. The findings of a TVTP-MS
model are consistent with the findings of Chen (2007) who employed
the same methodology. Chen (2007) showed that a tight monetary
policy shock increases the probability of switching from the bull
market to a bear one while it reduces the probability of staying in the
bull market. However, it raises the probability of being trapped in the
bear market regime.

Tabel 7. TVTP-MS Models
Source: Research calculations

Nominal returns Real returns
real M2 growth Changes in real interest rate | real M2 | Changes in  real
growth interest rate

Ho 8.517™ 9.913™ 8.517" 9.913™
(1.547) (1.261) (1.547) (1.261)

I -4.945™ -3.064™ -4.945™ -3.064™"
(1.173) (0.868) (1.173) (0.868)

o, 1.712™ 1.770™ 1712 1.770™
(0.104) (0.108) (0.104) (0.108)

o4 0.942™ 0.874™ 0.942" 0.874™
(0.118) (0.124) (0.118) (0.124)

0, 2.374™ 2514 2.374™ 2.514™
(0.545) (0.544) (0.545) (0.544)
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8, | 0155 -0.097 0.155 -0.007
(0.109) (0.150) (0.109) (0.150)
Yo | -2.4097 23927 -2.409™ 2302
(0.689) (0.590) (0.689) (0.590)
v: | -0.253 0.016 -0.253" 0.016
(0.145) (0.274) (0.145) (0.274)
logLik | -303.285 -306.128 -303.285 -306.128

NOTE: Refer to notes of Table 4. Real M2 growth and Changes in real interest rate are
monetary policy indicators.

5- Conclusion

The present study empirically examine the impacts of monetary policy
on stock returns during bull and bear markets in Iran by employing MS
model developed by Hamilton (1989). According to models with
financial restrictions, monetary policy may have stronger impact in
bear cycles than bulls. Employing a quarterly dataset spanning from
1991/92 to 2016/17, the FTP-MS-AR(0) models find two regimes
characterized as bull and bear cycles.

The results of a modified MS model indicate that monetary
policy significantly affect stock returns only in bear cycles. More
specifically, increase in real M2 rise stock returns while increase in real
interest rate reduce returns for both nominal and real returns in bear
regimes. These findings are in line with the prediction of the models
with financial restrictions. Finally, Empirical results from estimating
TVTP-MS models suggest that that an expansionary monetary policy
raises the probability of remaining in a bull regime while reduces the
probability of being trapped in a bear regime.

As a policy implication, monetary policy makers should consider
stock market cycles in implementing monetary policies. Especially in
bear market periods implementing an expansionary monetary policy
may lessen the probability of remaining in bear markets and will raise
the probability of switching from a bear regime to a bull one. Moreover,
the stock market investors should consider that the impact of monetary
policy on stock returns may depend on the phase of the stock market.
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ABSTRACT

The commodity terms of trade shocks are important to explain the macroeconomic
fluctuations of oil-exporting countries. Qil price shocks are the main source of terms of trade
variability in oil-exporting countries. Given the significant effects of terms of trade
fluctuations on domestic macroeconomic variables, understanding the transmission and
propagation of terms of trade fluctuations is crucial in the design and conduct of
macroeconomic policies in oil-exporting countries. An appropriate monetary policy can help
to stabilize these shocks. This study evaluates three alternative monetary policy regimes'
responses to commodity terms of trade shock and export sector productivity shock using a
New Keynesian Dynamic Stochastic General Equilibrium (DSGE) model. The model is
calibrated to the Iran economy. This study aims at investigating the dynamic effects of
commodity terms of trade shocks and evaluating the performance and the stabilization
properties of various simple monetary policy rules for oil-dependent economies. Three
alternative monetary policy rules have been considered: CPI inflation targeting (CIT) rule,
non-traded inflation targeting (NTIT) rule, and exchange rate targeting (ET) rule. The
comparison of responses under different monetary policy regimes shows that CPI inflation
targeting is superior to the NTIT and ET targeting when commaodity terms of trade shock
happen. For export productivity shock, the performance of the CIT rule is better than other
examining monetary policy rules. Also, the real exchange rate, which is defined as a
function of commaodity terms of trade and productivity differentials, makes it possible to
examine the role of export productivity shock on macroeconomic variations and test the
existence of Balassa- Samuelson effect. Under the export sector productivity shock, exported
output increases while non-traded output decreases, possibly reflecting the symptoms of the
Dutch disease. On the other hand, the dynamic responses of selected macroeconomic
variables suggest the presence of the Balassa-Samuelson effect where an increase in
productivity in the traded sector appreciates the real exchange rate and increases the prices
of non-tradable goods through wage equalizations. Overall, when the economy is
experiencing commodity terms of trade shocks or exported productivity shocks, CPI inflation
targeting is relatively better than exchange rate targeting and non-traded inflation targeting
in macroeconomic stabilization.
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1- Introduction

The commodity terms of trade shocks are regarded as a major source
of economic fluctuations. These shocks roughly account for half of the
fluctuation in aggregate output (Kose & Riezman, 2001; Mendoza,
1995), and play a very important role in inducing business cycles in
factors of production as they account for more than 86% of investment
and 80% of lobar supply fluctuations (Kose & Riezman, 2001).
Coudert et al. (2015) have found a positive relationship between the
real exchange rate and the country's terms of trade for whole
commodity exporters, be they advanced, intermediate or low-income
countries. Also, they have shown that improved terms of trade cause a
Dutch disease problem on the long run if commodity exporter countries
do not adequately redistribute rents across sectors. These shocks are
more volatile in developing countries because primary commodities
constitute a significant component of the exports in developing
countries (Cashin, McDermott, & Pattillo, 2004; De Gregorio & Wolf,
1994) so, fluctuations in world commodity prices have the potential to
explain a large share of movements in their terms of trade (Cashin,
Céspedes, & Sahay, 2004).

Broda (2004) and Chia & Alba (2005) have examined the effects
of terms of trade shocks on important macroeconomic variables under
alternative exchange rate regimes and they found that flexible
exchange rate regimes adjust real shocks more effectively than fixed
regimes. This result is in favor of Friedman's (1953) hypothesis.
Devereux, lane & Xu (2004) and Hove, Touna Mama & Tchana
Tchana (2015) have compared alternative monetary policy rules in
emerging market economics that experience commodity terms of trade
shocks. Hove et al. (2015) have found that commodity terms of trade
shocks have less impact on most macroeconomic variables under CPI
inflation targeting. However, Devereux et al. (2004) have shown the
degree of exchange rate pass-through is very important for the
assessment of monetary policy. Allegret & Bebkhodja (2015)
investigate the dynamic effect of external shocks under alternative
monetary rules in an oil economy using Bayesian approach, the DSGE
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model based on the features of the Algerian economy. They have found
that the core inflation monetary rule performs relatively better to
stabilize both output and inflation.

A large part of the variability of the terms of trade is associated
with extreme movements in oil prices (Backus & Crucini, 2000) and
commodity price volatilities influence both exchange rates and the
terms of trade of commodity exporters (Bergholt, 2014). Iran has the
fifth largest oil reserves and the second largest gas reserves in the
world. Oil exports account for a high percentage of export earnings and
finance a significant portion of government spending in This country.
However, some researches have studied the macroeconomic
performance of alternative monetary policy regimes in Iran. They often
have evaluated the role of monetary policy in adjusting shocks, such as
oil price shocks, oil income shocks and productivity shocks (see Rabee
Hamedani & Pedram, (2013); Bahrami & Ghoreishi, (2011)). Although
these shocks are important, it is necessary to analyze commodity terms
of trade shocks in oil exporting economies like Iran.

In this paper, a multi-sector DSGE set-up based on Hove et al.
(2015), Monacelli (2005) and Cashin et al. (2004) has been developed
for the economy of Iran. This study aims at investigating the dynamic
effects of commodity terms of trade shocks and evaluating the
performance and the stabilization properties of various simple
monetary policy rules for oil-dependent economies. Three alternative
monetary policy rules have been considered: CPI inflation targeting
(CIT) rule, non-traded inflation targeting (NTIT) rule and exchange
rate targeting (ET) rule. The rest of the paper is organized as follows:
section 2 lays out the model while section 3 describes the calibration
of parameters and solution of the model. Section 4 analyzes the results.
Section 5 is the conclusions and suggestions.

2- A small open economy model

In this study, the model has been developed based on Hove et al.
(2015), Monacelli (2005) and Cashin et al. (2004) for the economy of
Iran. This theoretical framework characterizes a small open oil
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exporting economy by two domestic sectors: traded sector and non-
traded sector. In non-traded sector, prices are sticky according to
Calvo’'s (1983). There is one external sector which is the rest of the
world. Also, incomplete exchange rate pass-through is introduced via
nominal rigidities on import prices. This model has developed to
evaluate the response of different monetary policy regimes to
commodity terms of trade shocks and export productivity shocks.

2-1- The consumer’s problem
Following Hove et al (2015), Representative household in the home
country are assumed to maximize the following utility function:

v v
(1) U= By 32 B (S - n )
Subject to the following budget constraint:

() PG < Wili + It + Dt — Ee(Qe41De40) + T
E, denotes the conditional expectation on information available at date
t=0, B is the inter temporal discount factor, with 0 < B < 1. C;
denotes composite consumption in period t, L, denotes labor
supply. ¢ > 0 is the inverse of the elasticity of substitution between
consumption and labor and w > 0 is the inverse of wage elasticity of
labour.

In the budget constraint, W, is the nominal wage, P; is the
consumer price index, and I1; are real profits for the home consumer.D,
is the portfolio of assets. D, is the nominal payoff of period t + 1 of
the portfolio held at the end of time t, Q.,is the stochastic discount
factor, and T; are lump-sum taxes.

The aggregate consumption index (C;) is a composite of non-
tradable (Cy,) and tradable (C;;) goods witch takes the constant
elasticity of substitution (CES) function of the form:
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1 Pt 1 P=17p—1

(3) Ce = |arCy! + (1 —a)C,;

where p is elasticity of substitution between the tradable and
non-tradable goods, and « is share of non-tradable goods in the
consumption basket at home. In this context, the consumer price index
that corresponds to the previous specification is given by:

1
(4) P, = (aPy;” + (1 — )Py, ?)*°
where, all prices are for goods sold in the home country, in home
currency for tradable and non-tradable goods.
Households allocate aggregate expenditure based on the
following demand functions:

) Cne = @ (%)—P Ce
j2 t -P
(6) Cr=(-a) () ¢

The demand for domestic non-tradable goods and imports is
given by:

(7 Yy = Cne + Gy
(8)_ _YTDt = Cry
It is assumed that the government only demands domestically non-
tradable goods, such that:

) Gt = Gpe

Government spending is exogenously determined and exhibits
persistent variation. In particular, it follows an AR(1) process in log-
linearized terms:

(10) gt = Pg9t-1 T €4t
where g; is the amount spent by the government and eg;is

distributed normally with mean 0 and variance agz.Lowercase letters

are used to denote the log-linearized of their uppercase counterparts.
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The first order conditions of the household’s optimization
problem are given by:

bW
(11) conLy =3

Cer1\ © ( P _
(12 prm((22) () =1
2-2- Firms

2-2-2- Domestic firms

Following Hove et al (2015), There are two sectors in the domestic
economy; the traded sector and non-traded sector. It is assumed that the
domestic traded sector only produces oil which are all exported. Firms
in the traded sector operate under perfect competition and use the
following linear technology:

(13) Yyt = AxtLxe
where Ay, is a productivity variable and Ly, is labor in the commodity
export sector. Ay, follows an AR(1) process such that in logarithms, it
is:

(14) InAy, = px InAyge g + €xe
where ex;~N(0.1) and p, is the autocorrelation coefficient showing
the persistence parameter of lobar productivity in the oil export sector.
Cost minimization in the commodity export gives the following
marginal cost:
R _ _Wt

(15) MCy; = Y
where MCR; is the real marginal cost in the oil export sector, W, is the
wage rate and Py, is the oil price. Firms in the non-traded sector face
monopolistic competition and produce differentiated non-traded goods
using the linear production technology:
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(16) Ynve = AneLne
where Ay is a productivity variable for non-traded goods and Ly is
labor in the non-traded sector. Ay, follows an AR(1) process such that
in logarithms, it is:

(7) InAye = pyInAye_1 + €pe
where ey:~N(0.1) and py is the autocorrelation coefficient showing
the persistence parameter of lobar productivity in the non-traded sector.
Cost minimization in the non-traded sector gives the following
marginal cost:
R _ Wt

(18) MCNt —_ m
where MCR, is the real marginal cost in the non-traded sector and Py
is the price of non-traded goods. Because of perfect competition in the
traded sector, the price of tradeable goods can be expressed as a
function of wages and productivity only. Also the price of non-traded
goods can be expressed as a function of wages, productivity and
marginal costs:

_ W
(19) Pne = —cm T
(20) Py, = -+
Axt

Using E.q. (19) and (20), the price of non-traded goods can be written
as function of the oil price and the relative productivities between
tradable and non-tradable sectors.

A
(21) Pye = % Pxt

- AneMCR,
2-2-3-  Foreign firms
Following Cashin et al.(2004) and Hove et al.(2015), the foreign
economy is assumed to be contained of three different sectors that is
the non-tradable sector, intermediate sector, and final good sector.
Firms in all sectors are perfectly competitive. Since the labor is
movement across sectors, the wage is equated across sectors, firms in
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non-tradable sector produce differentiated goods under a linear
production function that is given by:

(22) Yye = AneLlne
where Ay, is a productivity variable for non-traded goods and Ly, is
labor in the foreign non-traded sector. Ay, follows an AR(1) process
such that in logarithms, it is:

(23) InAy; = py;InAy,_, + €y,
where ey, ~N(0.1). Firms in the foreign intermediate sector also
operate under a linear production function:

(24) Yie = AjLy
where Aj is a productivity variable for intermediate goods and L}, is
labor in the foreign intermediate sector. Aj follows an AR(1) process
such that in logarithms, it is:

(25) InAj, = pg;, InAp  +ep,
where €; ~N(0.1). As before, the price of foreign non-traded goods is
defined as:

(26) Py = 3P,
ANt
where Pj; is the price of intermediate inputs. There is a continuum of
final good variety producers. Firms in foreign traded sector produce
traded final goods using oil which is exported by domestic economy
(Yy,) and foreign intermediate good produced in the rest of the world

(Y;;) through the following technology:

(27) Y = 9V )" (Yg)' ™
the price of foreign traded goods is defined as:
(28) Pre = (Pip)Y (Pg)™™

Foreign consumer price index is:
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(29) P; = P " P

2-3- Pass through and deviations from PPP
Based on empirical evidence such as Shajari et al (2015), pass through
is assumed to be incomplete in model. Following Monacelli (2005),
under the assumption of incomplete pass-through, the Law Of One
Price (LOP) does not hold. This means that the price of any imported
goods in the market of small open economy is not equal to price of the
identical good in the world market in terms of domestic currency. In
other words, the economy is identified by deviation of the world price
from the domestic currency price of imports as follows:

Pt

(30) Pre #
€t

where &, is the nominal exchange rate, Py, is price of foreign country
in the terms of its own currency. From above expression the LOP gap
is defined as follows in log-linearized form:

(31) t =Pt — € — Pt

2-4- Real exchange rate, commodity terms of trade and Pass through
As Hove et al (2015), Real exchange rate is defined as the ratio of
domestic prices in foreign currency to the foreign prices:

(32) = &

t — Pz
The Law Of One Price is assumed to hold for exports such that:

(33) Py = 2t

&t
Following Hove et al (2015) and monacelli (2005), From equation (32)
and after some algebra, the following version of the real exchange rate
can be derived:

* * a a 1-a
Axt Ayt Pyt 1 1
4 = |BLINE Xt -
(3 ) Qt (A;t ANt PI*t) <MCII\§t> (lpt)
Commodity terms of trade is defined as the relative price of commodity
exported in terms of intermediate foreign inputs.
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(35) Fp =
It
Substituting equation (35) into the real exchange rate equation gives:
* a a 1-«a
— (AxtAne 1) (L
(36) Q= (A;t ANt Ft) <MC15t> (llft)

This is a version of real exchange rate which is function of productivity
differential between the export and import sectors, productivity
differential between domestic and foreign non-traded sectors, terms of
trade, LOP gap and marginal costs.

2-5- Incomplete pass through and imports pricing

As Monacelli (2005), imported good firms follow Calvo (1983)
staggered price setting where they adjust their prices only with some
probability. That is at period t, 1 — 6y, firms set prices optimally and
6, keep prices unchanged, where 8,, € (0.1) is the degree of nominal
rigidity.

The import price index is defined as follows:

1
(37) Pre = {(1— 64)PFe"" ™" + 0y Py 1EF
where P7¢™ is price level of an optimizing firm. By log-linearizing
equation (37) and Further computations lead to an aggregate supply
(1-0y)(1-645).
Oy
(38) 7y = BE i1 + AypeWre

2-6- International risk sharing and uncovered interest parity

As Gali and Monacelli (2005) complete securities markets are
assumed, so a first order condition analogous to (12) must also hold for
the representative household in any other country:

(39) pe() (o) =ee () (5

Under the assumption of complete international markets, the uncovered
interest parity condition can be derived:

curve equation for the import goods wheredy =
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(40) EiQras (Re = Ri%2) = 0
2-7- Domestic price setting

As Hove et al (2015) non-traded good firms follow Calvo's (1983)
staggered price setting where they adjust their prices only with some
probability. That is at period t, 1 — 8y firms set prices optimally and
Oy keep prices unchanged, where 8y € (0.1) is the degree of nominal
rigidity. The aggregate price level of domestically produced non-traded
goods (Py;) evolves according to:

(41) Pyt = OyPyi—1 + (1 — Oy) Py,
where Py, is an index for the prices newly set in period t.
(42) Tty = Avmene + BE{mnee1}
where }\N — w

N

2-8- Monetary policy rules
Monetary policy is conducted with generalized Taylor rule.

I A O N N

2-9- Equilibrium

The good market clearing condition in domestic economy requires for
all t that domestic output equals a weighted average of traded and non-
traded output:

(44) _ _ Ve = @Yne + (1 - a)yxe
That domestic non-traded output consists of private consumption and
government spending:

(45) _ _ Ynt = YIL\?_t =Cne T 9t
And the domestic traded output is equal to consumption of traded
goods:
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(46) Yre = YFe = Cre
Also, the market clearing condition in foreign economy is a weighted
average of traded and non-traded output:

(47) Vi =Yy + (1= a)yre
(48) e = pPrli—q + €pp
3- Calibration and solution

The model is solved numerically and the parameter choices for the
model are summarized in Table 1. The model is calibrated to match the
key features of the Iran economy using data for period 1991: Q1 to
2017: Q1. The series of Oil production and Non-oil production are
obtained from the “Statistical Centre of Iran” The series of Interest rate
and oil price are obtained from the “Central Bank of Iran”. The series
of production in foreign intermediate sector and foreign intermediate
good price are obtained from the “Archival Federal Reserve Economic
Data™!. Other parameters were obtained from previous studies on the
Iran economy and business cycle literature in the world. The
benchmark parameter choices for the model are described in Table 1.
Following Fotros, Tvakolian and Maabodi (2014), Elasticity of
substitution between traded and non-traded goods p is set at 3.4.
Following Tavakolian and Afzali Abarghoie (2016), the subjective
discount factor £ and the share of non-traded goods in consumption «
are set as 0.96 and 0.8, respectively. The inverse of the elasticity of
substitution between consumption and labor o is set at 1.57, Following
Komijani and Tavakolian (2012). As Manzoor and Taghipour (2015)
stickiness parameter in the non-traded sector 8, stickiness parameter
in the import sector 6y and Elasticity of substitution between traded
and non-traded goods in foreign p* are set as 0.2488, 0.2, 3.5
respectively. Following Rabanal &Tuesta (2013) persistence parameter for
foreign interest rate p,- and persistence parameter of lobar productivity
in foreign non-traded sector py, are set as 0.88 and 0.75 respectively.
Following Hove et al. (2015), share of non-traded goods in

! The date of US is considered as an alternative for foreign sector data
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consumption in foreign country a* is set at 0.8. AR(1) processes are
fitted for interest rate in Iran, oil price, lobar productivity in
intermediate sector and intermediate good price in U.S. (as proxy for
world) using quarterly, HP-filtered data over the sample period
between 1991:Q1 to 2017:Q1, Which are estimated as follows:

(49) Pxt = 0.69965p3:_1 + x5t
(50) a;; = 0.870763a5,_1 + ;¢
(51) T't = 0.702393Tt_1 + th

Tabel 1. Calibration of the model
Source: Research results

Parameter Definition and Description Value
a share of non-traded goods in consumption 0.8
p Elasticity of substitution between traded and non-traded goods | 3.4
B subjective discount factor 0.96
Oy stickiness parameter in the non-traded sector 0.2488
Oy stickiness parameter in the import sector 0.2
o inverse of the elasticity of substitution between consumptionand | 1.57
labor
Pr smoothing parameter for Taylor rule 0.7
pPi persistence parameter for foreign interest rate 0.88
PL, persistence parameter of lobar productivity in intermediate | 0.8
sector
Pt persistence parameter of oil price 0.6
a share of non-traded goods in consumption in foreign country 0.8
p Elasticity of substitution between traded and non-traded goods | 3.5
in foreign
Pue persistence parameter of lobar productivity in foreign non- | 0.75
traded sector

4- Results

This section analyzes the dynamic properties of the models when the
economy is exposed to the commodity terms of trade shocks and
productivity shocks in the export sector under the following
alternative monetary policy rules. Following Hove et al. (2015), these
monetary policy rules are assessed based on the degree to which they
minimize the volatility of selected macroeconomic variables as
reflected by their impulse response functions.
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4-1- Impulse response analysis

4-1-2- Commodity terms of trade shocks

Figure 1 presents impulse responses of selected macroeconomic
variables to the commodity terms of trade shock that have received
the most attention in the literature. The figure shows that the
commaodity terms of trade shock decreases production in traded sector
under three alternative monetary policies. However, NTIT rule
exhibits the largest fall. An increase in terms of trade that is an
increase in the relative price of oil in terms of foreign intermediate
goods declines foreign output in response to higher oil price as an
input to production becomes costlier. So, global oil demand decreases
which results in a deduction oil production. Although, reducing
demand for oil may be due to the fact that rising oil prices make shale
oil more affordable. The income effect of commodity terms of trade
shock also increases production in non-traded sector, with the
strongest response being experienced under NTIT rule. The possible
explanation is that oil income expending increases the demand for
traded and non-traded sectors. Since the price of traded sector is
determined in international markets, extra demand for traded goods is
provided with extra import. So prices in non-traded sector increase
more than prices in traded sector, which move resources from traded
sector to non-traded sector. Finally, the output and labor supply in
non-traded sector increase and this leads to an increase in employment
aggregate. Total output as weight average of traded and non-traded
output increases in all regimes, which is in line with those reported by
Hove et al. (2015). The largest volatilities in total output are under
NTIT and the smallest is under CIT. The commodity terms of trade
shock generate a wealth effect which increases the demand and prices
of imported and non-traded goods. Higher prices cause consumption
deduction under CIT and NTIT rules, while the increase in domestic
prices leads to an increase in imported consumption and thus increases
consumption aggregate under ET rule. The largest volatility in
consumption is under CIT and the smallest is under ET. Although the
movement of production resources to the non-traded sector acts to rise
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in non-traded production, the demand is higher than production so
excess demand leads a rise of inflation in this sector under three
alternative monetary policy rules. Most fluctuations of non-traded
inflation occur under the NTIT rule and the least fluctuations happen
under the CIT rule. Since based on calibration, 80% of CPI inflation
is formed by non-traded inflation, the increase in non-traded inflation
induces an appreciation of the CPI inflation and CPI inflation follows
a pattern of non-traded inflation. The commodity terms of trade shock
provides an initial decline of real exchange rate in all regimes. The
immediate response of real exchange rate is larger under NTIT and
ET rules but smaller under CIT rule. In addition, the commodity terms
of trade shock triggers to decrease oil incomes and exchange reserves
of the central bank. As a result, the nominal exchange rate depreciates
under three alternative regimes. In reaction to inflation and
production, the nominal interest rate increases as contractive monetary
policy. Increasing interest rate reduces investment, output and
inflation. Finally, they return to equilibrium. Generally, the dynamic
adjustment of most variables shows that CIT rule is superior to NTIT
and ET rules because it generally exhibits small responses of most
variables in terms of trade shock.
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Figure 1. Impulse responses to commodity terms of trade shock
Source: Research results

4-1-3- Export productivity shocks

Figure 2 presents impulse responses to one standard deviation positive
shock to export productivity. Based on research findings, the export
productivity shock increases traded output under three alternative
monetary policy rules. the export productivity shock decreases non-
traded output and employment and increases consumption under three
alternative rules. This case can be the result of the resources movement
to the booming oil export sector, which can be the symptoms of the
Dutch disease. An increase in consumption of imported good also leads
to appreciates aggregate consumption and decreases employment. A
Positive shock to export productivity improves productivity in non-
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traded sector, which leads to a fall in real marginal cost in non-traded
sector. Based on this model, non-traded inflation is a function of next
period’s expected inflation and real marginal cost in this sector, so real
marginal cost deduction acts to fall non-traded inflation and CPI
inflation. export sector productivity shock improvement and the
consequent expansion in exported output induces an appreciation in
export earnings that leads to increase nominal exchange rate. The
export productivity shock appreciates real exchange rate under all
rules, which shows the presence of the Balassa Samuelson effect. An
increase in productivity in the commodity sector will tend to increase
wages, which translate into an increase in the price of the non-traded
good. As the relative price of the primary commodity is exogenously
determined, the final effect will be an appreciation of the real exchange
rate (Cashin, Céspedes, et al., 2004). Overall, the dynamic adjustment
of most variables shows that CIT rule is superior to NTIT and ET rules
because most of the selected variables are more stable under CIT rule.
The good performance of inflation targeting is enhanced by its
flexibility, credibility and the presence of flexible exchange rates
which help to insulate the economy from shocks. Results of this study
confirm Fridman's (1953) discussion about merit of flexible exchange
rate regime to nominal exchange rate regime under real shocks.
Although, the efficient policy rule is dependent to kind of shock that
hit the economy (Hove et al. (2015)), but a large number of empirical
studies have found that CPI inflation targeting as superior policy rule
under different shocks (Concalves and Salles (2008), Ball (1998),
Svensoon (2000), Hove et al. (2015)).
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Figure 2. Impulse responses to an export sector productivity shock

Source: Research results

4-2- Volatility analysis of three alternative monetary policy rules

Tabel 2 compares the volatility of selected macroeconomic variables
associated with alternative monetary policy rules. The results show that
total output, non-traded output, exported output, labor supply, Real
exchange rate, nominal exchange rate, CPI-inflation, non-traded
inflation and interest rate induce the lowest volatility under CIT and
highest under NTIT, this is consistent with Santacreu (2005), Devereux
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et al. (2006) and Hove et al. (2015) findings. Furthermore,
consumption induces the lowest volatility under ET rule and highest
under CIT rule. Generally, the volatility analysis confirms findings that
were already evident from impulse responses, which CPI-inflation
targeting outperforms other considered regimes.

Tabel 2. Standard Deviation of Macroeconomic variables
Source: Research results

Variable CIT NTIT ET

total output 0.0538 0.3905 0.1823
non-traded output 0.0920 0.7091 0.3999
exported output 0.1006 1.0502 0.9001
labor supply 0.0634 0.4670 0.2299
Consumption 0.1092 0.1062 0.0809
real exchange rate 0.0359 0.4764 0.3046
nominal exchange rate 0.0587 0.3924 0.0921
non-traded inflation 0.0357 2.6054 1.2740
CPl-inflation 0.0294 2.0418 0.9683
interest rate 0.0216 0.1410 0.0571

Note: CIT is CPI inflation targeting, NTIT is non-traded inflation targeting and ET is exchange rate
targeting. Bold values indicate the regime under which a volatility is lower.

4-3- Comparison of simulated data moments and real data moments

The moments of the calibrated model variables are compared with the
moments of the identical variables in the real world. The degree of
proximity to them is a good measure for fitting the model. Tabel 3
compares the moments of some variables that shows the relative

success of the model in simulating the realities of Iran's economy.
Tabel 3. Comparison of simulated data moments and real data moments
Source: Research results

Variable The standard deviation of real data | The standard deviation of simulated
data
Qil production 0.141527 0.1318
Non-oil production 0.14386 0.0927
Interest rate 0.079584 0.0295

5- Conclusions and suggestions

This essay focuses on the interaction of two characteristics of an oil
exporting economy (oil dependence and vulnerability to terms of trade
shocks) and their interactions with monetary policy and
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macroeconomic dynamics. the essay contributes to the literature by
incorporating the oil sector and focusing on the commodity terms of
trade shock in a multi-sector DSGE model, where incomplete exchange
rate pass through is introduced via nominal rigidities on import prices.
The analysis of the impulse response functions has shown that the CIT
rule has had better performance than NTIT and ET rules in stabilizing
the economy when it experiences the commodity terms of trade shocks
or exported productivity shocks. So, the results generally suggest that
the central bank can reduce macroeconomic volatility by targeting CPI
inflation. performance of inflation targeting is enhanced by its
flexibility, credibility and the presence of flexible exchange rates
which help to insulate the economy from shocks. However, the
increased flexibility of exchange rates in inflation targeting countries
comes at the cost of higher exchange rate flexibility. This implies that
inflation targeting in oil exporting economies need to pay attention to
exchange rate fluctuations induced by commodity terms of trade
shocks. Additionally, productivity shocks in export sector might
provide problem of Dutch disease. improving this issue, policy makers
should expend oil income for investment in non-traded sector instead
of import of consuming goods, which are often cheap alternatives for
domestic goods. It would be useful in future researches to examine how
factors such as central bank independence, fiscal discipline and
financial sector development do explain inflation target deviations
from the target bands. Another interesting extension would be the
incorporation of uncertainty of the commaodity terms of trade shocks in
the model. Uncertainty about the size and duration of the commodity
terms of trade shock may affect the results since monetary policy
responses may depend on whether the shock is temporary or
permanent.
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ABSTRACT

Exchange rate is a variable transferring international economic shocks to domestic
economy. In countries like Iran who are experiencing a high inflation and whose GDP as
well as consumption expenditures are mostly dependent on imports and foreign capital
flows, exchange rate changes and its effects needs to be carefully monitored by policy makers
and economic researchers. The purpose of the present paper is to measure a nonlinear model
estimating the response of inflation to Real Effective Exchange Rate (REER) in Iran. The
finding based on the time series data for the period 1971-2017 and a Threshold Regression
(TR) model indicates that a Real Effective Exchange Rate (REER) of 6160.27 Rials has been
applied as a threshold value. In other words, based on the above threshold value, the
estimated model shows exchange rate coefficient has increased somewhat from the first to
the second regime.
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1- Introduction

The rate of inflation, together with other macroeconomic variables
such as economic growth rates, is undoubtedly one of the most
important indicators of the economic performance of a country. One of
the reasons for the importance of inflation is the wide range of this
variable's effectiveness and influences. Indeed, inflation affects some
of the most important key economic variables, such as unemployment,
foreign trade, income distribution, savings, investment and economic
well-being. No wonder a significant part of the economic literature is
devoted to investigating factors that affect inflation.

In an open economy in which goods and services and capital have
a two-way flow, Exchange Rate (hereafter so called ER) is a strategic
variable. In such conditions, fluctuations of economic variables are
transmitted between national economies. Hence, monetary and
financial shocks are not enclosed within the boundaries of the domestic
economy. ER can play the role of a "transitional variable" as well. Here,
ER, in fact, transfers the effect of international economy shocks to the
national economy variables. Hence, the study of the effect of ER and
its fluctuations have always been special attraction for economists.
Considering the importance of inflation in theoretical discussions and
high inflation rate in some developing countries, the effect of ER on
inflation has attracted the economists interested in monetary issues and
international economics.

Although studies have mostly focused on measuring the extent
of ER effect on price levels, we believe that investigating the possible
existence of one or more thresholds in exchange rate effect is
important, because the reaction of monetary policymakers may be
somehow dependent on the extent of ER effect with respect to one (or
more) threshold value(s). For instance, policymakers might not take
care of ER fluctuations below a certain level, but as soon as it crosses
such a level, they believe it damages to the economy and the welfare
of the country, thus triggering some intervention in the currency
market.
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Iran economy has experienced high, double-digit inflation rates
since 1980s. Therefore, reducing and controlling inflation is one of the
goals of policy makers and economic planners. From 1989 to 2020, the
first to sixth development plans were designed and implemented to
achieve important goals such as economic growth and reducing
inflation. Tabel 1 shows the approved values and performance of
inflation and exchange rate growth in six development programs.

Tabel 1. Inflation Rate and Exchange Rate Growth in the Programs of Economic Development

(1989-2021) (Percent)
Source: Central Bank of Iran

Inflation Rate Excgi:aft rI]?ate

Target Performance Average Pegsggggce
Btg 3)I?evelopment Plan (1989- 144 e o1
iggg)Development Plan (1995- 124 . _—
25%4)Devempmem Plan. (2000- 15.9 14.12 1.82
ggz)g)l?*evelopment Plan (2005- 99 1458 o
gghls)l?ﬁvelopment Plan (2011- 9.9 5053 -~
gghm)Development Plan (2016- 88 - e

Note 1: “Inflation rate and exchange rate growth of 1994 has calculated in the 1st Development
Plan.

Note 2: *“Inflation rate and exchange rate growth of 2010 has calculated in the 2nd
Development Plan.

Note 3: "Inflation rate and exchange rate growth of 2016 has calculated in the 3th
Development Plan.

As can be seen in Tables above, there is a significant difference
between inflation targets and performance during the five-year
development plans. ER seems to be one of the most important
determinants of this deviation. As the average ER growth increases, so
does the average inflation rate. In the present study, we seek to answer
this question, which is to what extent has the rise in ER shifted to
inflation?
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The present paper is organized in five sections, and in the second
section, a review of the literature on the subject, including the
principles of the theory and literature review, is addressed. In the third
section, the research method is introduced. In the fourth section, the
results of the model estimation are presented and the final section is
dedicated to the conclusion and presentation of the proposal.

2- Literature Review

The exchange rate, as a measure of the value of a country's national
currency against the currencies of other countries, reflects the
economic situation of that country compared to other countries.
Assuming the complete convertibility of currencies in a country, the
exchange rate is an important indicator that has a great impact on all
economic areas (Mahdiloo & Asgharpur, 2020).ER movements to
domestic price are one of the ways through which inflation and
business cycles are transmitted among countries (Aron, Creamer,
Muellbauer & Rankin, 2014). Due to the dependence of domestic
products and consumptions on import, ER is one of the determinants
of raw materials price, intermediate goods, capital equipment and other
final good prices. This way, variations in ER through the prices of
imported goods open their way into the prices of domestic output and
imported goods (Sharifi & Nabavi-Larimi, 2015).

A common method for studying the dynamic behavior of
economic variables is using various time series models. Among time
series methods, linear patterns, such as Autoregressive model, Moving
Average (MA), or combination of these models (Autoregressive
Moving Average (ARMA) are more popular. Although these
approaches were widely used for many years to examine the effects of
ER on inflation, there were significant reasons why economists were
interested in the nonlinear analysis of inflationary response to ER. A
part can be attributed to the nonlinear nature of ER trend, Lucas's
critique (1976), the heterogeneous firms hypothesis, spillover effects



58 Non-linear Response of Inflation: A Real Effective A\",‘
EXChange Rate in Iran Shahid Chamran University of Ahvaz
Quarterly Journal of Quantitative Economics

(former Economic Studies)

of ER fluctuations, independent changes in the decision space, and
Taylor's (2000) hypothesis.

A reason for the non-linear response of inflation is the non-linear
nature of ER trend. In fact, geometrically, among all time paths of ER,
the probability of a linear path between the two time points is very
weak. The effect of all determinants of ER is displayed in its changes.
Here are two important points to note. First, the cross-effects of ER
determinants can influence the impact of each determinant. Second, the
importance of currency, especially in developing countries, and its key
role between the foreign exchange and financial markets, has made
exchange rate an intelligent variable, which corrects mistakes at the
next rate through learning process. Hence, the course of ER over time
is expected to be nonlinear (Pérez Forero & Vega, 2015; JaSova,
Moessner & Takats, 2016; Forbes, Hjortsoe & Nenova, 2018).

Lucas (1976) challenged the stability of the coefficients of
econometric models. He clearly showed that consumer preferences and
technical conditions of production in firms were not fixed over time.
According to Lucas's critique, consumers, producers and investors
transmit the experience of ER changes through error correction
mechanisms and in the context of market clearing to their predictions
and future choices in pricing and trade and financial transactions.
Hence, price level response as the consequence of consumer
preferences, firms and investors in the course of ER changes will not
be the same (Lucas, 1976).

Taylor (2000) showed that the response of inflation rate to ER
fluctuations at various levels of inflation rate is not the same. Taylor's
findings showed that in low rates of inflation, the Exchange Rate Pass-
Through (hereafter so called ERPT) is low, and in high rates of
inflation, ERPT to inflation is more (Taylor, 2000).

Nonlinear time series models have grown rapidly in the last two
decades. In nonlinear models, pattern parameters are a function of
variable or different regimes, and thus change over time. Of course,
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nonlinear models are not ideal ones and have their own limitations,
including the fact that estimating nonlinear patterns is relatively more
difficult compared to linear labor patterns, and most nonlinear patterns
are designed to describe a particular case of behavior of variables.

Nonlinear behavior in ER effect on inflation can provide false
estimates of ER coefficient when the econometric model is estimated
linearly. In such a circumstance, we can accommodate cases when the
inflation condition and its rate affect economic factors in response to
an ER shock. Indeed, due to a stable and low inflation, domestic prices
may not respond to an ER shock. However, they may respond wildly
to a similar shock when inflation is above some significant threshold
(Aleem & Lahiani, 2014).

Da Silva Correa & Minella (2010) investigated the existence of
nonlinear process of ERPT to inflation in Brazil. It was concluded that
when the economy grows faster, ER devaluates above a threshold level
and when ER fluctuations are lower, the pass-through rate in short-term
is higher (Da Silva Correa & Minella, 2010). Shintani, et al., (2013)
examined the relation between ER and inflation by estimating a
nonlinear model. They showed that the dynamic of ER effect on
inflation can be well estimated by a STAR model (Shintani, Terada-
Hagiwara & Yabu, 2013). Pérez Forero & Vega (2015) examined the
non-linear response of prices to ER shocks in Peru. To this end, they
used the SVAR model and Impulse-Responses Functions to examine
prices after ER shocks. The results provided a remarkable asymmetry
in the response of CPI to ER shocks (Pérez Forero & Vega, 2015).
Turner & Wood (2016) provided theoretical reasons for a nonlinear
ERPT to import and export prices. Theoretical reasons are based on the
menu-costs approach, in which small absolute changes in ER may not
excite price changes, because the costs of doing so are more than
additional benefits begotten by firms engaged in international trade
(Turner & Wood, 2016). Marodin & Portugal (2018) based on Markov-
Switching Semi-Structural New Keynesian model examined the
nonlinearity of ERPT in Brazil during 2000-2015. In this survey,
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evidence was obtained from two different regimes for ERPT to
inflation in Brazil during period under review (Marodin & Portugal,
2018).

Ben Cheikh, et al., (2018) examined the nonlinear dynamics in
ERPT to inflation in 10 european economies. According to the research
findings, ERPT to inflation responds to economic activities in a non-
linear manner, meaning that ERPT over economic development
periods is higher than recession (Ben Cheikh, Ben Zaied &
Bouzgarrou, 2018). Musti & Siddiki (2018) tested the nonlinearitiy and
asymmetry in the ERPT to Consumer Price Index in Nigeria.
According to them, standard literature assumes the linearity and
symmetry of ERPT to Consumer Price Index in a developing country,
despite the importance and presence of potential asymmetry and
nonlinearity as exemplified by various factors such as menu costs,
capacity constraints and market share goals (Musti & Siddiki, 2018).

Caselli & Roitman (2019) presented evidence of nonlinearity and
asymmetry in the transition of ER volatilities to prices from 27
emerging markets. They found documents of asymmetry in ER
transmission over periods of ER appreciation compared to periods of
ER depreciation. A threshold that could lead to nonlinearity emerged
(ER decline of more than 24%) (Caselli & Roitman, 2019).
Colavecchio & Rubene (2020) examined the probablity of non-linear
transition of ER changes to imported prices and CPI in 19 european
economies. They found that CPI and imported prices in the target
countries respond significantly to ER fluctuations after a year, and the
response is greater when ER changes are relatively large (Colavecchio
& Rubene, 2020). Anderl & Caporale (2021) tried to explicate the Real
Exchange Rate (RER) volatilities using two models of linear ARDL
and Nonlinear ARDL (NARDL) for United Kingdom, Canada,
Australia, New Zealand and Sweden. The results showed that due to
the existence of asymmetry in the long and short term, the nonlinear
model is more appropriate. Also, inflationary expectations perform an
important role in this case (Anderl & Caporale, 2021).
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Bilgili et al. (2021) using the Markov-Switching model,
examined the pass-through effect in Turkey, and they found that there
exists a nonlinear relation between ER and CPI (Bilgili, Unli,
Gengoglu & Kuskaya, 2021). Moradi et al. (2021), using the NARDL
method during 1986-2017, found that the degree of ERPT to CPI in
short and long term in Iran is incomplete and asymmetric (Moradi,
Anvari & Arman 2021).

In this study, we are empirically reviewing the effect of Real
Effective Exchange Rate (hereafter so called REER) on inflation in Iran
and also the possibility of existence of one or more thresholds by using
a Threshold Regression (TR) method. In Iran, a threshold regression
has been mainly used on issues of economic growth, based on the
theory of purchasing power parity, etc. In this study, on the other hand,
we aim at keeping an eye on the critical level for ER while investigating
the extent of ER effect on inflation in Iran and, therefore, unlike
conventional econometric methods, a threshold regression turns out to
be fully appropriate.

3- Methodology

In the present study, all data and information are gathered through
library methods. Also, with using yearly data of official ER of Iran,
price index and ER of Iran's major trade partners, REER during 1971-
2017 was calculated as follows:

Real Effective Exchange Rate (REER) = Z[Exchange Rate of Iran's
Major Trade Partners (In terms of Rials) X Consumer Price
Index of Iran's Major Trade Partners X Share of Currencies of
Iran's Major Trade Partners in SDR]/ Iran's Consumer Price
Index

In nonlinear models, the response of one variable to changes in
other variables is examined nonlinearly. In this regard, threshold
regression model can be used as a nonlinear model. Research of Calvo
& Reinhart (2002), Mihaljek & Klau (2008), Kohlscheen (2010),
Bussiere (2013), Shintani, et al., (2013), Alvarez, Lippi & Passadore
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(2016), and Marodin & Portugal (2018) indicates the extensive usage
of threshold models in experimental economics. Linearity is a basic
premise many people who use linear models, unless there is convincing
evidence to prove it nonlinear.

To investigate the threshold effects of ER on inflation, the
following Posedel & Tica (2009) model is used:

o=l 4 {%"‘iﬂuet—i }"'(1— I ){az +iﬂ2iet—i }‘th
(1) e . >T if I, =1

t-1 —
e, <z if 1,,=0

where inflation 7z, is a function of REER. Variable I, is a dummy
variable. 1, =0 if REER (e,) is smaller than threshold (z); also,
I, =1 if REER (e,) is equal or bigger than the threshold (7). To
estimate the desired threshold model, STATA software was used.

In an experiment on the effect of ER on inflation in Iran, first,
Lagrange Multiplier is applied to nonlinearity test. Afterwards, the
suggested model (1) is estimated by a threshold regression. The
required information has been extracted from the Central Bank of Iran
portal and World Development Indicator (WDI) database.

4- Results
4-1- Stationary Test

Since in macroeconomic analysis, as usual, time series are non-
stationary and their non-stationarity provides the possibility of a
spurious regression in experimental studies, we are first of all testing
the stationarity of variables by using the KPSS? test. As shown in Tabel
2, inflation and REER are stationary in level.

1 Kwiatkowski-Phillips-Schmidt-Shin
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Tabel 2. Stationary Test Results
Source: Author’s computation
Level
Variable Trend and Results
Intercept
Intercept
Inflation Rate Lagfa-nge Multiplier-Statistic 0.193 0.146 10)
Critical Values: 1% Level 0.739 0.216
Rea! Lagrange Multiplier-Statistic 0.556 0.104
Effective 10)
Exchange Critical Values: 1% Level 0.739 0.216
Rate (REER)
4-2- Threshold Regression
The research model is specified as follows:
) T =0, +e

Where, r, is inflation rate for period t and e, is REER.
In the study of Durlauf-Johnsone (1995), it was proved that the error
term &, in a structure such as equation (2) has heteroskedasticity, and
therefore they presented their results in the form of corrected standard

errors to heteroskedasticity. In this study, their approach is followed,
and under a modified heteroskedasticity process, the nuisance

coefficient * is applied using Epanechnikov kernel with a continuous

bandwidth.

In this research, Lagrange Multiplier (LM) test is used to test the
existence of a threshold. Using 5000 times repetition of Bootstrap
process, the P-value for threshold model, using REER as threshold

variable, is significant at 0.0346.

Tabel 3. Lagrange Multiplier Test Results
Source: Author’s computation

Test of null of no threshold against alternative

Threshold estimate 6160.27
L M-test for no threshold 8.22
Bootstrap P-Value 0.0346
Critical value 95% 7.69
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Based on the information in Tabel 3 and considering that the value of
Lagrange Multiplier test (8.22) is bigger than the critical value in
confidenc level 95% (7.69), the null hypothesis is rejected. Therefore,
the research model is nonlinear. Figure 1 shows the result of this test for
Lagrange Multiplier test, which in fact indicates the values of F
(Gamma) test to examine existence or non-existence of a threshold.
The critical value of 95% is equal to the P-value at that point, which
here is equal to 7.69 and is plotted on a continuous line. According to
the evidence obtained in Tabel 3, it can be observed that the effectiveness
structure of REER on inflation in the examined period is nonlinear and
follows the threshold regression process.

o I

T T T T T T
2000 4000 6000 8000 10000 12000
Gamma

Figure 1. F Test to Reject the Existence of a Threshod
Source: Author’s computation

To determine the number of thresholds in this study, the likelihood ratio
test presented by Hansen (1999) was used. In this test, the following
two hypotheses were tested:

A) Linear model versus a threshold model
B) One-threshold model versus two-threshold model

95% Critical |

F(Gamma)
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Tabel 4. Specifying the Threshold Number
Source: Author’s computation

Hypotheses Test Statics Critical Value Result
Hypothesis A 24.14 13.98 The null hypothesis is rejected
Hypothesis B 7.20 15.72 The null hypothesis is not rejected

The results of the first hypothesis indicate that the test statistics amount
is bigger than the critical value. As a result, the null hypothesis of the
linear model is rejected. Results of the second hypothesis also indicate
that the null hypothesis is confirmed. Therefore, the model has only
one threshold.

Figure 2 shows the normalized likelihood ratio LR (z) as a

function of the threshold variable. Estimation of Ordinary Least
Squares (OLS) of 7 is the value at which this figure is minimized, and
is achieved at REER 7 =6160.27 The critical value of 95% is equal to
the P-value at that point, which here is equal to 7.35 and is plotted on
a continuous line.

Results indicate that there exists logical evidence for model
specification with two regimes, and there is also comparative
confidence for threshold value.

15
|

10
1

Likelihood Ratio Sequence in Gamma
5
1

0

T

T T T
0 5000 15000 20000

Figure 2. Confidence Interval Construction for Threshold
Source: Author’s computation

10000
Threshold Variable

LR(Gamma) 95% Critical
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Tabel 5. The Estimation Results of Inflation Rate Threshold Model
Source: Author’s computation

Variable q <6160.27 q >6160.27

Intercept 22.50 36.43

Real Effective Exchange Rate

(REER) 0.0013 0.0017
R-squared: 0.66 R-squared: 0.57

According to Tabel 5, the estimated threshold for REER is 6160.27
Rials. According to Tabel 5 and Figure 2, only one threshold was observed
in impact process of ER on inflation. Also, considering that the effect
coefficient of ER on the inflation has increased in the second regime
compared to the first, rising from 0.0013 to 0.0017, it can be concluded
that the extent of ER effectiveness on inflation has increased during the
time.

The data seems to clearly point out that, according to threshold
regression process, the effect of ER on inflation in Iran is nonlinear.
This might happen because of the existence of high inflationary
expectations in Iran, which intensifies into inflation when ER goes
beyond a certain threshold level.

5- Conclusions

Besides some macroeconomic variables, such as economic growth
rates, inflation rate makes one of the most important indicators of the
assessed economic performance of a country. Inflation affects some of
the most important key economic variables, such as unemployment,
foreign trade, income distribution, savings, investment, and economic
well-being. For such a reason, investigating the factors affecting
inflation is allocated to a significant part of the economical scientific
literature. There are several causes for inflation in macroeconomics,
one of the most important connections to the outside world and the
experience of external shocks. In this context, an important role is
played by the effect of ER volatilities on domestic prices.

Although studies have mostly concentrated on measuring the
extent of ER effect on price levels, we believe that investigating the
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possible existence of one or more thresholds in ER effect is important,
because the reaction of monetary policymakers may be somehow
dependent on the extent of ER effect with respect to one (or more)
threshold value(s). For instance, policymakers might not take care of
ER fluctuations below a certain level, but as soon as it crosses such a
level, they believe it damages the economy and the country welfare,
thus triggering some intervention in the currency market.

Iran’s economy, especially after the Islamic Revolution, has
experienced imposed war and unconventional sanctions with free trade
basics, REER having had significant increases. Looking at the
statistical data related to the general level of prices, it is clear that,
during the years 1971-2017, the CPI increased about 1250 times.
Hence, it seems that there is a close relation between ER and changes
in the general level of prices in Iran. Therefore, in this research, the
effect of REER on inflation in Iran was experimentally tested by using
the threshold regression method.

The present study showed that the impact structure of REER on
inflation in the period under review is non-linear, and that it follows
the threshold regression process. Also, the threshold regression model
results showed that there is only a threshold in the period under review.
The threshold value has been estimated at the level of REER of 6160.27
Rials and, according to the increase of REER coefficient to 0.0017 in
the second regime with respect to 0.0013 in the first one, it can be
concluded that the extent of ER effect on inflation has increased during
time.

Considering the fact that preserving the value of national
currency is one of the most important tasks of central banks, to control
inflation it seems necessary to give due attention to ER and its threshold
impacts when planning, designing and implementaing monetary and
exchange policies. The results of this study suggests a policy guideline,
namely, to limit the damaging effects of inflation on the economy and
household welfare. Monetary policy makers in Iran must restrain
foreign exchange shocks. In this regard, it is recommended to take the
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appropriate policies to prevent ER fluctuations in the market and its
stabilization, among which we can mention controlling liquidity, fiscal
and monetary discipline. Reducing the intensity of ER fluctuations can
prevent raising prices of imported goods, and help stabilizing the
domestic price level.

It is significant that the impact of low transition of ER to CPI
contains an important point for domestic monetary policymakers.
Indeed, the effect of lower transmission of ER provides more freedom
to pursue an independent monetary policy, in particular, via inflation
targeting system.

Finally, due to difference in the impact of ER on inflation on the
two sides of threshold, policymakers should focus more on the
threshold itself.
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ABSTRACT

Banks are considered as vital circulatory system of finance and financial institutions that
collect assets from various sources and allocate them to sectors that need market liquidity.
Hence, banks are the vital arteries of any country. To evaluate the efficiency of the Export
Development Bank of Iran, the cost efficiency of different branches was evaluated using
estimation of Stochastic Frontier Model (SFA). Various inputs were fitted in the model
and finally non-operating and operating incomes, as outputs, and overdue loan, default
and Exim Bank capital, as bank’s inputs, were identified. Accordingly, 27 branches of the
Export Development Bank of Iran with continuous activity over the past three years were
selected as a sample and their monthly cost efficiency was estimated. In the second step,
the cost-effectiveness form of the bank was selected. The most common forms of Stochastic
Frontier Model (including Cobb Douglass and Translog) were estimated using Frontier 4
software and the optimal form of the cost efficiency function was selected using statistical
tests. Research results show that the nominal exchange rate and oil prices have a negative
effect on gross national product and the bank’s cost efficiency has a positive effect on non-
oil exports. According to the research results, the bank's cost efficiency has increased in
the period under review. It is suggested that in the medium term, the Export Development
Bank prioritizes the closure of loss-making branches, increasing the bank's capital,
attracting deposits, and reducing fixed assets and operating costs to improve the bank's
cost efficiency.
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1- Introduction

In the present era, banking is one of the most important sectors of the
economy, which has led to the expansion of markets and the growth
and prosperity of economies in organizing and directing receipts and
payments, facilitating trade and commerce. Banks can play a very
constructive role in the economy by equipping savings and allocating
them to various businesses. Export Development Bank of Iran, as the
only Exim Bank of the country, can increase its efficiency by paying
low-cost loans to export companies and providing the required
working capital, as well as financing investment projects and
development projects to increase export capacity. and their
competitiveness in global markets will help a lot.

Putting emphasis on the development of non-oil exports as an
important strategy is one of the ways to achieve continuous economic
growth, which has always been emphasized as one of the central
strategies of our country's economy. This policy, in addition to taking
the country's economy out of the mono-product mode, leads to
improving the balance of foreign exchange payments and increasing
the strength and comparative advantage of our country in global
markets. Paying attention only to the domestic market (import
substitution policy) and lack of motivation for global marketing
(export development) due to the support of inefficient domestic
industries are the main factors limiting non-oil exports in recent
years. Allocation of credit lines to foreign buyers is considered one
of the most effective ways to finance exports and increase non-oil
exports of countries. These types of loans are provided to foreign
buyers to buy consumer goods or capital of the country. Given the
easy repayment terms of such loans, the allocation of these credits
increases the incentive for foreign buyers to purchase domestic
products.

While bank functions can be complex and various, a bank is
operationally defined as an institute whose current actions are mainly
limited to giving loans to and taking deposits from people. It also
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plays an important role in the allocation of economic capital. A
financial system with a developed level of efficiency can
considerably facilitate allocation of appropriate sources to household
consumptions as well as appropriate physical capital to productive
sections in society. Thus, it is highly expected that efficient and
profitable banks pave the way for the construction of an influencing
financial system. In other words, the efficiency of the banks can lead
to economic growth and development in their home country. The
potential of banks to hold a highly efficient function determines their
sustainability. In Iran, the banking industry plays a pivotal role in
providing financial resources due to the lack of a capital market. That
is why any shortage in the structure and function of banks might have
an adverse effect on other sections. Thus, gaining deep insights into
the policies of the banks in Iran seems essential (Tarkhani, Nazari &
Niloofar, 2020).

The banking industry is one of the most important sectors in
any economic system, because financial development and in
particular the banking system lead to economic growth. The role of
the banking system in financing the economy requires that the
industry operate efficiently and effectively. The efficiency of the
banking system means that it is able to provide services that lead to
financing at a lower cost. Efficiency is an important concept in
economics that represents a measure of success in resource
allocation. In general, due to differences in equipment and allocation
of resources, various restrictions in laws and regulations (ceiling of
short-term and long-term facilities, etc.) and the cost of contracts
between banks and the public (fees) cause differences in efficiency
and performance of various banks because with the help of the
efficiency appraisal process, we will be able to obtain useful
information on how to do things effectively in the direction of the set
goals (Amiri, 2018).

The mission of Exim Bank is to help exporters to meet
government-supported competition from other countries and to
correct market imperfections so that commercial export financing can
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take place. The bank considers assistance in the export financing of
goods and services when there is a reasonable assurance of
repayment (OECD, 2010). Export Development Bank of Iran (EDBI)
and other financial systems have been investing a vast amount of
money in countries around the world that are still struggling with
crisis, loss and bankruptcy the occurrence of negative shocks,
especially during the epidemic of financial problems in banks,
leading to a decline in exports by companies that export their
products to global markets (Amiti & Weinstein, 2011; Paravisini,
Septier, Moretton, Nigay, Arvisenet, Guichard & Dacremont, 2014;
Del Prete & Federico, 2014).

Decreasing the exchange rate, which in turn reduces the value
of foreign exchange cash assets and creates the risk of exchange rate
fluctuations, on the other hand reduces the export earnings for a
customer receiving the facility, reduces his expected income and thus
reduces the repayment power and thus Credit risk is created. On the
other hand, this will reduce the inflow of funds to the bank and create
liquidity risk. In this case, the existence of one of the risks causes the
emergence and strengthening of other risks and the set of risks affects
the profitability and efficiency of the bank (Sarmiento, M, & Galan,
2017).

Amiri (2018) in a study entitled Evaluating the Efficiency of
Selected Banks in Iran and its Relationship with Intra bank and
Macroeconomic Variables showed that, on average, the efficiency of
state-owned banks is 38%, the efficiency of private banks is 31% and
the efficiency of privatized state-owned banks is 33%. According to
the research results, the uncertainty of exchange rate fluctuations and
inflation has a negative effect on the efficiency of Iranian banks.
Exchange rate fluctuations also have a negative and significant
relationship with the efficiency of Iranian banks. Ramazanian,
yakideh & Akhavan Deilami (2019) in a study entitled Banking
Management Efficiency Using DEA technique showed that collective
network models have a lower number of efficiency units compared to
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the collective model they are simple. In addition, the efficiency
obtained in the collective network model compared to the collective
model Simple provides managers with a more accurate value that can
identify the inefficiency of each Eliminate its weaknesses. Vahabi,
Baradaran, Kazemzadeh & Rastegar (2021) conducted a three-level
study evaluating the efficiency of bank branches using the Bootstrap
Envelopment Analysis method. the results of this study show that at
the third stage (profitability efficiency), due to large volume of non-
performing loans (which are considered as undesirable inputs) or due
to low volume of interest received on facilities and/ Or for both
reasons, the efficiency of branches under review is lower than the
other two stages. Also, none of the studied branches have been able to
be efficient in all three stages. Furthermore, by comparing overall
efficiency scores and modified overall efficiency scores, it can be
seen that by modifying overall performance scores obtained from data
envelopment analysis method, the overall efficiency of all branches is
examined at a lower level. It should be noted that efficient branches
are those whose efficiency is equal to one in terms of standard data
envelopment analysis method, and if a branch with the highest
modified efficiency is considered as an efficient branch, it means that
bootstrap method is accepted as a method for ranking branches in
terms of performance, while bootstrap method is not a valid method
for ranking and only corrects the bias of standard data envelopment
analysis method results.

According to European Central Bank (ECB, 2010), bank
performance is described as the bank’s capacity to generate
sustainable profits. Bikker (2010) indicated the main drivers of bank
performance as costs, efficiency, profits and market structure.
Sherman and Gold (1985) conducted the first study of banking units
using data envelopment analysis on 14 branches of US savings
banks. The results of the calculation of production efficiency showed
that only 6 branches had 100 efficiency (42% of the sample) and the
reasons for inefficiency of other branches were poor management,
size of branches, number of employees and operating costs.
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Nowadays, due to liberalization of global trade, instability of
foreign exchange income from oil exports, recent recession in global
markets, the tendency to non- oil export development is doubled.
Some export facilitations such as banks, are one of the most
important factors in export development area for each country. In
these situations, lack of an accurate (proper) financing infrastructure
is an obstacle of trade. Limited access to financing resources and
high costs, lack of insurances or guarantees, potentially have
deterrent effect on trade and export, especially small and medium
companies (SMEs), so the supporting and facilitating institutions to
facilitate foreign trade are necessary. In such a situation, the
existence of an efficiency evaluation system and using the result to
improve future performance, which makes balance between risks and
profits, is necessary.

Exim Bank of Iran is a governmental financial institution that
is responsible for financing exports and export activities of Iranian
companies. In general, Exim Bank provides financial and non-
financial services in the domestic and international market to the
country's export companies. There are more than 112 Exim Banks in
the world, which are mainly governmental institutions and their main
task is to develop the export of their national products in today's
competitive world markets. Exim Banks are not competitors of the
private sector. The risk of providing services to the private sector in
that part of the ballast or the private sector is not able to meet the
needs of that part of the market, so more than 70% of the world's
Exim Bank customers are small and medium-sized businesses SMEs
because businesses Small and medium-sized enterprises do not have
sufficient resources and ability to enter international markets, and
Exim Banks help to develop employment in their country by
financing these industries.

Given the essential role of the banking system in the
economies of countries, the government has always considered the
efficiency of the banking industry and having efficient networks of
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branches is one of the main strategies in the strategy of efficiency
improvement programs at the level of an Iranian export bank.
Accordingly, the present study examined the cost-effectiveness of 27
branches of the Export Development Bank of Iran through stochastic
border analysis. It is oil. Finally, the effect of bank cost efficiency on
exports of non-oil products was estimated. After estimating the cost
efficiency of branches, the effect of the average cost efficiency of
branches (as bank cost efficiency) on non-oil exports was
investigated.

The contribution of this research is in increasing the use of the
findings of the efficiency model of Exim Bank in modeling
macroeconomics in the country. This article shows which variables
play a vital role in bank efficiency that indirectly affect non-oil
exports. So far, no research has been done with this title, which is in
fact an innovation of this research.

2- Theory of Efficiency by Parametric and Nonparametric
Models

Seven criteria for evaluating firm performance are effectiveness,
efficiency, productivity, quality, profitability and Profitability,
quality of working life and creativity and innovation. The ratio of the
amount of resources that are projected to achieve goals, objectives
and activities Be used in proportion to the amount of resources
actually used between productivity and the ratio or relationship
between The amount of output produced by the firm using a certain
amount of inputs is called productivity. Thus, improving the level of
productivity is the result of producing more output using a fixed
amount of input or producing a fixed amount of output using less
input.

Usually, the purpose of examining productivity is to compare
the conditions of a firm in several periods. In one or more periods,
the firm uses less input to produce a certain amount of residue unless
otherwise specified, that is, the production of the maximum amount
of output with a certain amount of input is specified. This definition
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is also related to the concept of efficiency, and therefore the firm that
invests the least amount, by producing a certain amount of output and
assuming the stability of other conditions, is considered the most
efficient enterprise (Amiryusefi & Hafezi, 2006).

Bank efficiency studies are abundant by now. Nevertheless,
Exim Bank efficiency and effective variables in their efficiency have
not been studied yet. Besides, nobody research the result of efficiency
this kind of banks in economy in spite of the fact that Exim Bank
establish to operate government’s macroeconomic aims in each
country specially in export portion. Nevertheless, we have selected
parametric model to assess Exim Bank efficiency model according to
literature review of parametric and non-parametric models. Farrell
(1957) suggests a non-parametric approach to measure technical
efficiency by a linear programming method designated as Data
Envelopment Analysis (DEA).Though widely used, DEA suffers
numerous shortcomings such as sensitivity to random deviations,
outliers, and data errors. Emrouznejad and Yang state that the
banking field is the second application field that uses the DEA
methodology in and Kaffash and Marra review DEA methods and its
applications in financial services (Kaffash & Marra, 2016).

In the DEA method, introduced by Charens, Cooper, and
Rhodes (CCR) in 1978, an efficient boundary curve is first created
through a series of points determined by linear programming, and
then characterized by an optimization process. Where the firm is
located at this boundary, eventually the for-profit and non-for-profit
firms are separated from each other. The most important advantage of
this method is that it does not need to impose any specific subordinate
form on the data and therefore due to this flexibility, it has gained a
great reputation among researchers. Nevertheless, the calculated
boundary function considers the existence of efficient boundary
factors to be due to the inefficiency of the units and places it as
inefficient - then Bunker, Charans, and Cooper in 1984 removed the
assumption of constant relative-to-scale returns from this method.
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Therefore, this method is becoming more and more important
(Hosseini & Souri, 2007).

Three methods of Stochastic Frontier Analysis (SFA),
Distribution Free Analysis (DFA) and Thick Frontier Analysis (TFA)
are different types of parametric methods. The differences in the
functional form as well as the distribution of the error sentence in
these three methods will make them different from each other (llieva,
2003). This method is a subordinate form and an error sentence
Considers ink for production, cost or profit. One component
including error, random error

Bilateral has a normal distribution with normal characteristics.
This means that if the firm's performance is less than border
production, part of it is due to lack of technical efficiency and the
other part is due to accidental factor (Coelli, Prasada & Rao, 1998).
The Distribution Free Analysis method, developed by Schmidt and
Sickles (1984) and Berger (1993), defines a definite derivative form
for the cost-benefit boundary and assumes that random error
statements of the normal distribution with mean zero and variance
They follow certain. Nevertheless, it does not impose any kind of
distributive assumption on one-way error statements (inefficiencies).
Berger & Humphrey (1997) The Thick Frontier Analysis (TFA)
method assumes a definite form of subordination, but none assumes a
distribution for inefficiencies or random errors (Berger & Humphrey,
1997).

Since the introduction of the Stochastic Frontier Analysis in
1977, considerable research has been conducted. By Battese &
Coelli (1992), in order to expand the application of the basic frontier
production model. Most Frontier Production Models do not explicitly
form a pattern for the effects of inefficiency. Practical articles that
explain the effects of inefficiency.

Aigner, Lovell & Schmidt (1977), Meeusen & Broeck (1977)
proposed a parametric approach to measure technical efficiency:
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Stochastic Frontier Analysis (SFA). In the field of estimating the
efficiency of the banking industry, a number of studies have been
conducted outside and inside Iran, including the studies of Srairi,
(2009), Lensink, Meesters & Naaborg (2008), Staikouras,
Mamatzakis, Koutsomanoli & Filippaki (2008), Fu & Heffernan
(2007), Ahmad Mokhtar et al. (2006), Coelli, Prasada Rao & Battese
(2000).

Sufian, Kamarudin & Nassir (2016) measured the Malaysian
banking sector with a two-stage approach. The results show that the
efficiency of the Malaysian banking sector has increased. Cost,
allocation and technical efficiency in conventional and partner banks
in Turkey. Batir, Volkman & Gungor (2017) investigated the cost,
allocation and technical efficiency of conventional and joint venture
banks in Turkey using the Data Envelopment Analysis (DEA)
method. The results show that the efficiency of partner banks is
higher than the efficiency of conventional banks.

Arabmazar, Varahrami & Hosseini (2019) in a study entitled
evaluating the efficiency of banks using the DEA method uses a one-
step production model, examining the efficiency of 18 banks in Iran,
concluded that except for three banks, other banks performed less
than the efficiency level, the efficiency of some banks is very poor
and the banks that have a higher ratio of overdue receivables are
mostly lower efficiency.(Arab Mazar et al, 2019).

Vahabi et al. (2021) conducted a three-level study evaluating
the efficiency of bank branches using the Bootstrap Envelopment
Analysis method. the results of this study show that at the third stage
("profitability efficiency™), due to large volume of non-performing
loans (which are considered as undesirable inputs) or due to low
volume of interest received on facilities and/ Or for both reasons, the
efficiency of branches under review is lower than the other two
stages. Also, none of the studied branches have been able to be
efficient in all three stages. Furthermore, by comparing overall
efficiency scores and modified overall efficiency scores, it can be
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seen that by modifying overall performance scores obtained from
data envelopment analysis method, the overall efficiency of all
branches is examined at a lower level. It should be noted that
efficient branches are those whose efficiency is equal to one in terms
of standard data envelopment analysis method, and if a branch with
the highest modified efficiency is considered as an efficient branch, it
means that bootstrap method is accepted as a method for ranking
branches in terms of performance, while bootstrap method is not a
valid method for ranking and only corrects the bias of standard data
envelopment analysis method results.

Tabel 1. presents a number of efficiency studies
Source: Literature review

Author (publication date) Inputs Outputs
Aggelopoulos, Personnel expenses
Georgopoulos & Operational expenseé Net interest income, Non-
Siriopoulos Loan loss impairment's interest (fee) income (t)
(2010)
Athanassopoulos (1997) number of employees, number of deposit accounts,
68 branches of a number of ATMs, number number of credit and debit
Greek commercial bank of computers transactions,
Giokas (2008a) personnel_expenses, value of dep_osits and
other operating expenses loans, fee, income
Giokas (2008h)44 .
branches of a Greek personnel_expenses, other value of depqsnts and loans
commercial operating expenses , fee, income
Oral & Yolalan (1990) per:g;gs;:;%een;reesc,i;rtlitg;est interest income, fee income
number of employees, number of credit and debit
Parkan (1987) other operating expenses transactions, number of
, number of terminals loan applications
Vassiloglou & Giokas number of employees, number number of credit and debit
(1990) of computers, operational costs transactions
Wu, Yang & number of employees, value of deposits and loans,
Liang (2006) operational expenses fee income

Barnaba Chol, Kalunda Nthambib & Kamauc (2017) in a study
entitled Ownership Structure, Bank Stability and the Financial
efficiency of Commercial Banks in South Sudan concluded there was
a statistically significant moderating effect of ownership structure on
the financial efficiency of commercial banks in South Sudan. This
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study recommends that the government should adopt better measures
to safeguard public-owned commercial banks to improve their
efficiency and performance.

Ndoka, Islami & Shimaand (2017) in their research on the
effect of liquidity risk management on the efficiency of Albanian
tread Banks (2005-2015) provided a contribution to the identification
of liquidity risk factors that affect more the profitability of the
Albania Banks and the finding of a scientific solution in order to
manage this risk in a more efficient way. The recommendations
derived from this study will help young researchers of academic area
and professional field. In addition, this paper will create new
discussions on risk management instruments used in the Albanian
banking system.

3- Methodology
The following steps have been taken in the research for fulfilling the
research objectives:

In the first step, in order to evaluate bank’s efficiency, the cost
efficiency of various branches was measured using Stochastic
Frontier Model Function. Accordingly, 27 branches (Branches:
Keshavarz Boulevard (Tehran), Argentina (Tehran), Tajrish
(Tehran), Central Branch (Tehran), Mirdamad (Tehran), Mashhad,
Bojnourd, Arak, Ardabil, Urmia, Isfahan, Rasht, Tabriz, Shiraz,
Bandar Abbas, Kish, Qeshm, Zahedan, Bushehr, Ahvaz, Chabahar,
Qazvin, Zanjan, Sanandaj, Sari, Qom and Karaj) with continuous
activity during the past three years were selected as sample and their
monthly efficiency was estimated. For measuring Exim Bank
efficiency, bank’s expenses were considered as a function of input
and output variables and then estimated using Frontier 4 software.
Various inputs were fitted in the model and finally non-operating and
operating incomes, as outputs, and overdue loan, default and Exim
Bank capital, as bank’s inputs, were identified.

When the function and its variables were determined, in the
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second step, the form of bank’s cost function was selected. The most
common forms of Stochastic Frontier Model Function (including
Cobb Douglass and Translog Functions) were estimated using
Frontier 4 and the optimal form of cost function was selected using
statistical tests. After choosing the form of cost function, since the
software offers two estimations for the function, attempts were made
to select the optimal estimation between MLE and OLS. Next,
variability of the model’s inefficiency in terms of tested time and
inefficiency (efficiency) of various branches were measured. In the
third step, the overall efficiency of the bank was calculated using the
function and the effect of the Export Development Bank’s efficiency
on non-oil export in a 36 month period (2016-2019) was determined
using an econometric model and Eviews software.

4- Bank efficiency using SFA model

As mentioned above, econometric estimation of cost function
requires selection of function form. The model was estimated in Cob
Douglass and Translog models and research model was selected. In
addition, the model was estimated with different inputs and outputs.
Only the final function form is entered here. General form of Cob
Douglass and Translog functions are respectively as follows:

2
IN(TC) =y + iglai In(Qy)+ élﬂj In(Pj )+ Vi

1=12,..,t=12,.

1)

2
2 2 2

2 2

2 2

A=12,..,t=12..,
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TC,, is the total cost of i bank, Q, is output, Pji is input price,
Uit is random error and Uit is cost inefficiency.

The following test can be used to select between Cob Douglass
and Translog functions. If multiplication of all the coefficients of

model variable squares by variable coefficients results is zero, Cob
Douglass is preferred; otherwise, Translog will be selected.

Ho:ﬂii :ﬁjj :ﬂij =0

H,: B, #B; #B; #0
Hypotheses related to Stochastic Frontier Model were tested
using the following likelihood test:

A ==2{log[L(H,)/ L(H,)]}=—2{log L(H,)—log L(H,)} In
which A is the statistic of L(H,) and L(H1) MLE proportionate with
the limits imposed by Ho and H1 hypotheses.

)

A in limits terms has X? distribution with degree of freedom as
for number of limits. If Ho is true, the statistic of the above test will
be smaller than the value of; X? otherwise, Ho is rejected (Tabel 2).

Since log likelihood values for Cob Douglass and Translog
functions are 138.8 and 102.8 respectively, thus:

A =-2,(138.8-102.8) = —2(36) =72

Tabel 2. Hypothesis test
Source: Research calculations

Decision Critical value y) Null hypothesis

Ho confirmation 3.84 -80 Ho

Therefore, based on the results, since the value of A is less than the
critical amount of X? test, Ho is confirmed and Hj is rejected. In other
words, Cob Douglass is preferred to Translog.

After model type selection, either Maximum Likelihood
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Estimation (MLE) or Ordinary least Squares (OLS) was to be
selected.

Along with this purpose, we tested the following hypothesis:

3 H,
@) 7/?&0

A of Cob Douglass model is 0.17, but t statistic of it shows that
it is significant (p<0.05). Thus, it can be concluded that inefficiency
parameter in the model is significant. Thus, MLE is preferred to
OLS.

If in the estimated model 77=0 and p=0, i.e. inefficiency is a

time-dependent variable, inefficiency distribution (U1) will be semi-
normal.

In order to test the above hypothesis, such as function type
selection hypothesis, the following likelihood test was used:
A==2log[L(H,)/L(H)I}=

—2{logL (H,)—logL (H )]}
In which A is the statistic of L(Ho) and L(Hi) MLE
proportionate with the limits imposed by Ho and H1 hypotheses.

(4)

A n limits terms has X2 distribution with degree of freedom as
for number of limits. If Ho is true, the statistic of the above test will
be smaller than the value of X?; otherwise, Ho is rejected (Tabel 3).

In order words, the estimated model has a time-dependent
inefficiency.

Finally, concerning the above tests, final form of the function
is as follows:

Ho and Hji hypotheses will be as follows:
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H0 : 1 =0,7m7 % 0—loglikelihood =141.6

H, : u#n# 0 -loglikelihood =138.8
(5) 1 HF=T] g

Tabel 3. Time-Dependent Inefficiency Hypothesis Test
Source: Research calculations

Decision Critical value A Null hypothesis

Acceptance 3.84 -5.6 H,

Log of MLE under Ho hypothesis is 95.31 and A is as follows:
A=-2x(141.6-138.8) =-2 , table 2 =3/84

Since A is an estimation of X2 statistic of the second table, Ho is
accepted. In other words, the model has time-dependent inefficiency.

Finally, concerning the above tests, final form of the function is
as follows:

In(TC)=a0+Zzlai |n(Qi)+ZZ:,Bj In(P; ) +u;, +v,

A =12..,t=12..

(6)

In which:
Outputs include:
Q1: non-operating income,
Q2: operating income,
Inputs include:
P1: overdue loan,
P2: default,

Ps: Exim Bank capital,
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Summary of model parameters estimation (Tabel 4):

Tabel 4. Parameter Estimation
Source: Research calculations

Model
Variables
Coefficient T- value
C o 10.93 10.75
Ln(Q1) o -0.102 741
Ln(Qy) ar 0.330 5.81
Ln(P.) a3 0.047 454
Ln(P2) a4 0.103 2.44
Ln(Ps) as 0.343 5.45
Sigma 0.17 -
Log- likelihood 138.8

Based on the results of final model, all model variables were
significant (p<0.05). In addition, braches’ capital was one of the main
input variables of the model that shows the importance of this
variable in different branches of Export Development Bank.
Although the bank is a specialty bank in non-oil exports section and
its main capital is provided by the government, the role of the
government in this efficiency is undeniable.

5- Unit Root Test

In the earlier models, bank deposits variable was studied as one of
the bank’s inputs but its significance was not confirmed. The reason
is the specialty structure of this bank that cannot absorb deposits.

According to the results of LLC, IPS, ADF tests (Tabel 5), in all
variables except the exchange rate and the null hypothesis (the value
of the significance level is less than 0.05) as a result of the above
variables during the research period, at the level Have been
stationarity and the nominal exchange rate variable has been mana
with double differentiation. In econometric models, a single root test
is performed before estimating the model:
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Tabel 5. The results of the unit root
Source: Research calculations

Variable Interrupt length Test statistics | Test statistics | Test statistics

ADF IPS LLC

Monthly Exchange Rate 1 34.43 -9.64 -6.32
(0.000) (0.000) (0.000)

Monthly GNP 0 126.60 -15.29 -11.70
(0.000) (0.000) (0.000)

Monthly Oil Price 0 168.75 (0.000) -19.08 -20.53
(0.000) (0.000)

Monthly Cost Efficiency of 0 105.64 -10.21 -11.98
Export Development Bank (0.000) (0.000)

In connection with the generalized torque model, Sargan Testis used
in order to select the appropriate instrumental variables. Sargan test
statistic has a chi-square distribution with degrees of freedom equal
to the number of excesses specified. According to the probability
value of this statistic, it can be concluded that the instrumental
variables used in the model have been properly selected and the
hypothesis of zero validity of the instrumental variables is confirmed.
Orlando and Bound's Test statistics were also used to determine the
degree of autocorrelation of noise sentences. To determine the degree
of autocorrelation of noise sentences, the results of the above test are
reported in (Tabel 6).

Tabel 6. Results of Sargan test, Orlando, and Bound's Test
Source: Research calculations

Test Test statistics IPS
Sargan 8.04
(0.33)
Autocorrelation rank 1 2.84
(0.000)
Autocorrelation rank 2 2.48
(0.000)

*. The numbers in parentheses indicate the significance of the coefficient.

6-

Estimation of non-oil exports function:

After estimating the cost efficiency of branches, the effect of the
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average cost efficiency of branches (as bank efficiency) on non-oil
exports was investigated. Along with this purpose, non-oil export
was considered as a function of exchange rate, GNP, Oil Price and
cost efficiency of Iranian Export Development Bank. The general
form of the function is as follows (7):

Log EX =a+f.Log(X,) +f,Log (X,)

(7) +p,.Log (X;) +p,Log(X,) + U

In which:

X1: Monthly exchange rate,
X2: Monthly GNP,

Xs: Monthly Qil Price,

Xa: Monthly the average cost efficiency of branches (as bank cost
efficiency) estimated in the previous section using Scholastic
Frontier Function. U is model disturbance sentence.

Before model estimation, reliability of the model variables was
confirmed using Dickey Fouler Test. When reliability of variables
was confirmed, the model was estimated using ordinary minimum
squares method and Eviews software. Model estimation using OLS
method is as follows:

Log EX =19.37-456Log (X 1}+0.77 Log (X 2)

) (-3.14) (3.33)
~0.29L0g (X 3)+10.6.Log (X 4)
(-251) (6.97)

R? of the model is about 69%. That is 69% of the dependent
variables can be explained by the independent ones.

t statistic related to all the independent variables of the model
is significant (p<0.05). At 95% significance level the value of model
t statistic is to be more than 1.96.



AV" Nser Seifollahi 93

Shahid Chamran University of vz~ @UTtErly Journal of Quantitative Economics(JQE) (2022) 19(1)
Quarterly Jour CONOMICS
(form

Model F statistic is 17.01 that shows that the total fitted model
is significant.

Durbin—Watson statistic, according to the estimated results, is
1.96.1f Durbin—Watson statistic is between 1.5 to 2.5, the hypothesis
that there is no self-correlation in model errors can be accepted.
Thus, independence of errors among model errors can be accepted.

X1 variable coefficient is estimated to be -4.56. That is
nominal exchange rate has a negative effect on non-oil exports and 1
unit increase in nominal exchange rate decreases non-oil export up to
4.56 units. discussed Theories in this regard have confirmed this also.
Based on these theories, in developing countries, import has more
impact on the economy rather than export. Therefore, in such items,
relation between the exchange rate and export is reversed.

X2 variable coefficient is 0.77. That is GDP has a positive
direct effect on non-oil exports. One unit of increase in GNP results
in 0.77 unit of increase in non-oil exports.

X3 variable coefficient is -0.29. That is Oil price has a negative
direct effect on non-oil exports. One unit of increase in Oil Price
results in -0.29 unit of decrease in non-oil exports. This theory is
according to Dutch disease in economy.

X4 variable coefficient is 10.6. That is bank’s Cost efficiency
has a positive correlation with non-oil exports. In case of the effect of
bank’s efficiency on non-oil export it should be mentioned that the
inputs related to bank’s efficiency is in percentage and non-oil export
data are in million dollars. When the Cost efficiency of all the
branches of Export Development Bank increases one unit, non-oil
export increases 10.6 units. Therefore, the efficiency of bank ranches
played an effective role in non-oil exports in the period under study.

7- Conclusion
Based on the research findings, nine proposals have been presented
to improve the Cost efficiency of Exim Bank and develop non-oil
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exports.

a) Increasing the bank’s capital continuity over time: Increasing the
bank's capital strengthens the bank's ability to finance export
companies and creates a competitive advantage for export companies.
With the increase of the bank's capital, the bank's financing power for
the countries importing goods and services from Iran will increase.

b) Reduction and merger of loss-making branches that due to the
situation and conditions, the branch is not able to cover its costs.
With the reduction of loss branches, the Cost efficiency of Exim
Bank increases.

c¢) Increasing the productivity of human and physical capital by
holding effective training courses and revising the recruitment and
employment of manpower in a traditional way and using scientific
methods to attract talented, specialized, motivated and interested
manpower, etc.

d) Although a slight decrease in the exchange rate of the rial
against other currencies leads to an increase in the competitiveness of
export goods and services,however, this advantage, through the
occurrence of high domestic inflation, leads to an increase in the
price of export goods and services and reduces the competitiveness
of export products globally and against imported products. Therefore,
the central bank should strictly avoid applying monetary policies that
result in inflation in the economy.

e) Since the increase in the Cost efficiency of the Export
Development Bank leads to more support from the Export
Development Bank to exporters in providing the required financial
resources, it is suggested that the management of the Export
Development Bank prioritize increasing the Cost efficiency of the
bank in the medium and long term planning.

f) Since the Cost efficiency of Exim Banks plays an important role
in export development, the government can increase supportive
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facilities by Exim Banks to improve non-oil exports.

g) The central bank should adopt policies in relation to large
fluctuations in the nominal exchange rate to prevent shocks. The
occurrence of shocks in the foreign exchange market and the increase
in the nominal exchange rate leads to an increase in the general level
of prices in the domestic economy and thus reduces the
competitiveness of domestic products.

h) In order to increase cost efficiency, it is suggested that the
Export Development Bank of Iran prioritize the reduction of fixed
assets over a medium-term period.
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ABSTRACT

The Human Development Index is a composite index for measuring the three criteria of long
and healthy life, access to knowledge and the right level of well-being in life. Since 2011, the
components of Human Development Index including, education, the combination of the
average age of education for adults (25 years and older population) and the expected years
of schooling, life expectancy index and per capita income. Human Development Index (HDI
henceforth) is in fact the geometric mean of these three indexes. This index is calculated
annually by the United Nations Development Program (UNDP) for countries but not for
states, provinces, urban areas and regions in those countries. The main purpose of this study
was to simulate human development index in Khuzestan province and compare it with that
of Iran as a whole in 1996, 2006, 2011 and 2016. The results show that human development
index in Khuzestan has reached from the average level of 0.64 in 1996 to the high level of
0.74 in 2016. The results also show that Khuzestan province is better in human development
index with oil sector, and worse in human development index without oil sector. HDI
simulation results show that there was a steady upward trend in the years under review, but
there has been a structural break in Human Development Index since 2005. Based on this
simulation, human development index in Khuzestan province reached an intermediate level
until 2009, and a high level after 2010.
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1- Introduction

The importance of human, as the goal and factor for development, has
made the countries of the world and international organizations pay
special attention to " human development " and identify the factors
which have influence on it through their researchers and scientists.
Before raising the issue of human development index, per capita
income was considered to be as a criterion for measuring the level of
development in those countries, but since the growth of per capita
income, income distribution and many social and cultural aspects does
not encompass human life Mahbub ul Hag (1999), a Pakistani
economist in collaboration with Amartya Sen (1999), a development
expert and winner of the 1998 Nobel Prize in Economics, introduced
and calculated a new index called "Human Development Index",
which, in addition to per capita income, also included the index of
education and public health (Hag, 2000; Sen, 2000). After this measure,
the first Human Development Reports of United Nations Development
Programme was compiled and published in 1990. Since 1990, Human
Development Report has been published annually by United Nations
Development Programme (UNDP), in which countries are compared in
terms of educational and health indexes. One of the neglected aspects
of human development index is its regional dimension which means
that it is not calculated for provinces and states. Although there is no
tendency for regional calculations in international dimension, its
calculation for provinces can be of great help to regional planners in
countries (Bhanojirao, 1991).

lack of such statistics in Iran is one of the statistical gaps in this
country that has made regional and provincial research critically
limited and inaccurate. To address this shortcoming, in this study, the
human development index of Khuzestan province in years 1996, 2006,
2011 and 2016 has been calculated using the latest formula. It should
be noted that simulating human development index is a very time-
consuming and difficult task and lack of attention to details can distort
the index. Therefore, in order to ensure the accuracy of calculations,
human development index has been calculated for Iran and compared
with the UN Human Development Index for Iran, to ensure the



Simulation of human development index in \",
104 Khuzestan province with emphasis on healthy living N\
and access to knowledge and comparison with Iran  SPEGIER e ol e

(former Economic Studies)

accuracy of calculations for the human development index in
Khuzestan province.

2- The concept of human development and the introduction of its
index (HDI)

Generally, development is an idea originated in the early nineteenth
century and since World War 1l has found a special place in social,
economic, political, and international affairs (Frazier, 1997).
Criticizing the view that merely introduced economic growth as a
measure of development, development economists have defined
development as a concept beyond economic growth, and according to
them, countries with higher per capita incomes are not necessarily
considered more developed (Ramirez, Ranis, & Stewart, 1997). In fact,
according to the historical evolution of the above mentioned concept,
development is a process that includes all dimensions of a social system
with the goals of growth, justice, poverty reduction, democracy and
political stability (Basu, 1997). In the framework of this interpretation,
increasing production and wealth is just a means, and the main goal of
development is to improve the quality of human life or in fact human
development and human development requires improving the process
of expanding the range of choices for individuals (Nayak, 2008).

Streiten (1981) also argues that in the human development
approach, development is not limited to per capita income growth but
depends on improvement in other needs of human society such as
health, enjoying the basic living standards and education (Streeten,
1981). According to the United Nations, human development is
development through the creation of human capabilities that are
achieved through human beings themselves by actively participating in
the processes that shape their lives, and in fact human beings are not
only the goal of development but also the axis of development (Selim,
2015).

To measure human development in countries, the United Nations
has, since 1990, used a composite index consisting of three dimensions
of education (health and economic welfare) on a scale ranging from
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zero (lowest human development) to one (highest human development)
(Bhanojirao, 1991). The Human Development Index was developed in
1990 by Amartyasen, a Nobel Award winner in economics as well as,
a Pakistani economist, in collaboration with Ranis, a professor at Yale
University, and Desai, a professor at the University of London, and
since then, it has been used by the United Nations Development
Programme (Stanton, 2007).

In the human development index estimation method by the
United Nations, health dimension is measured by life expectancy index
at birth. In the field of education, two indexes are being used: the
average length of education for adults 25 years and older; and the
length of the expected period for children’s education when they reach
school age. However, prior to 2010, instead of these two indexes, adult
literacy rate and the enrollment rate of children at school age were used
(Bhanojirao, 1991).

Prior to 2010, the components of Human Development Index
included education indexes (weighted average of the composite index
of gross education cover rate (Gross enrollment rate) in different
educational levels (the division quotient of the number of employed
people studying in different educational levels into Population of the
same age group) and adult literacy rate index (the over 15 years old
population), life expectancy index (life expectancy at birth provided
that the common mortality pattern at birth is stable, which is a function
of health, Quality of life, health facilities, access to minimum living,
lack of anxiety, peace of mind as well as economic and social security)
and per capita income index (logarithm of ratio of per capita gross
income to the purchasing power parity of US dollar due to large gap
between high- and low -income countries), and in fact, human
development index was arithmetic average of these three indexes.
Because the rate of adult literacy made it impossible to compare
countries, adult literacy rate index lost the power to differentiate
between countries and was replaced by another index. Since 2011, the
components of the Human Development Index include education
indexes (the combination of mean years of schooling for adults (25
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years and older population) and the index of expected years taken for
education), life expectancy index (The average number of years a
person is expected to survive if the current mortality rate situation
continues) and per capita income index (the natural logarithm of ratio
of gross national per capita to the purchasing power of dollar), and
Human Development Index is actually the geometric average of these
three indices. Replacing literacy with average years of adult education
has led to covering more countries andit reveals differences between
countries better than literacy rate. Using the expected years taken for
children education instead of school enrollment ratio will include a
change in the framework of this index from ratio to the number of
years; Therefore, quantity in education indexes has turned into quality
(Kovacevic, 2010).

For economic welfare, per capita gross national income of
countries is also used based on the purchasing power parity of US
dollar. In estimating this index, instead of the absolute figure of gross
per capita national income to purchasing power parity, the logarithm of
gross per capita national income to purchasing power parity of US
dollar is used (Bhanojirao, 1991).

According to the classifications in 2015 Annual Report of the
United Nations Human Development Report, Human Development
Index above 0.8 is classified as a very high human development index,
a Human Development Index above 0.7 and below 0.799 is classified
as a high human development index and a Human Development Index
above 0.550 and below 0.699 is classified as a moderate human
development index and values below 0.549 are classified as low human
development (Selim, 2015).

In 1977, the last year of the Pahlavi regime, Iran's human
development index was 0.437. In this regard, it was ranked 130th
among 180 countries in the world. According to the Human
Development Report, Iran was classified as a country with low human
development until 1980, but since 1981, with the improvement of the
components of the index, especially health and education, it has been
upgraded to the group of countries with moderate human development
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index, and in recent years, it is located in middle and upper ranks of
this group. According to the Program and Budget Organization report,
which was published on the eve of the 40th anniversary of the Islamic
Revolution, in accordance with the United Nations report on changes
in the human development index, Iran's human development index has
been increasing in the post-revolutionary years.lts value has increased
from about 0.57 in 1990 to about 0.8 in 2017, which has placed Iran
among the high ranking countries. According to this report, Iran's
human development index in 2005, 2010 and 2015, respectively, is
estimated at 0.695, 0.755 and 0.789, which has a growth of 13.5
percent. Also, according to the United Nations, Iran's human
development index increased by 1.26 times between 1990 and 2015
(Selim, 2015).

Some researchers such as Bakhtiari et al. (2006), Ziari et al.
(2010), Asefzadeh, Jahandideh and Mousavi (2013), Asefzadeh,
Alijanzadeh and Nasiri Asal (2013), Zanganeh (2016) And Afgheh et
al. (2016) have calculated the human development index based on the
provinces of Iran (Afghah, Ahangari, & Askari por, 2020; Asefzade,
Jahandideh, & Arefeh, 2013; Hesari, 2015; Sadegh, Majid, & Seyed
Mojtaba, 1385; saeed Asefzadeh, Mehran Alijanzadeh, & Marjan
Nasiri asl, 2013; Zanganeh, 2016; Zayyari, Zanjirchi, & Sorkhkamal,
2010).

3- Calculation of human development index for Khuzestan
province

In this study, the human development index of Khuzestan province is

calculated by modeling the formula introduced in the human

development report of the United Nations Development Programme in

2018 as follows:

1) HDI = 3/LEIx Il x El

where HDI is human development index, LEI is life expectancy index,
Il is income index and EI is education index.
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3-1- Life expectancy index

Long and healthy life is measured with life expectancy and is the
average number of years during which a person is expected to survive
if the current mortality rate continues. Life expectancy index is
calculated by the difference of life expectancy (LE) and the minimum
years of survival (which according to international standard equals to
20 years), divided by life expectancy difference of the world's top
country (according to international standard equals to 85 years) and the
minimum years of survival in those years, as follows:

(2) LEI = LE (real value of life expectancy)—minimum years of survival _ LE-20

minimum years of survival-maximum years of survival 85-20

Accordingly, the life expectancy index of Khuzestan province is
calculated and compared with the values of the life expectancy index
of Iran as a whole (calculated by the researcher) and the life expectancy
index of Iran (calculated by the United Nations Development
Program), Table 1 presented and compared :

Table 1. Calculation results of life expectancy index
Source: Research results

Life expectancy of - Iran’s Life expectancy Iran’s Life
Khuzestan’s life . .
Year the whole of expectancy index index (researcher expectancy index
Khuzestan Province P Y calculations) (UN calculations)
1996 66.85 071 0.728 0.75
2006 71.83 0.78 0.801 0.80
2011 72.44 0.79 0.831 0.84
2016 72.58 0.79 0.857 0.86

As shown in Table 1, the life expectancy index calculated for Iran is
reasonably close to the UN calculations, and based on this, the life
expectancy index for Khuzestan province can be trusted. According to
the results, the life expectancy index in Khuzestan province, like the
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country on the whole, has been improving from 1996 to 2016, however,
it is lower than the national average.

3-2- Income index

Livelihood criteria or the same Living standard is measured by Gross
National Index per capita (GNI pc). The calculation of income index
requires considering the natural logarithm of GNI pc, before using it in
the following general relation:

3 Index=(actual value-minimum value)/(maximum value-minimum value)
Then, we will have:

_ Ln(GNI pc)-Ln(100)
~ Ln(75000) - Ln(100)

(4)

where, 11 is income index and Ln (GNI pc) is the natural logarithm of
the ratio of gross national income per capita equal to the purchasing
power parity of US dollar in 2011, and Ln (100) is the natural logarithm
of the gross national income per capita of a country with the lowest
gross national income per capita in the world equal to the purchasing
power parity of US dollar in 2011 (according to the international
standard equal to 100 US dollar), and Ln (75000) is the natural
logarithm of the gross national per capita income of a country with the
highest gross national per capita income in the world to the purchasing
power parity of US dollar in 2011 (according to the international
standard equal to 75,000 US dollar).

To obtain the GDP per capita of Khuzestan province at the base
price (2011=100) to the purchasing power parity of US dollar in 2011,
the following formula is used:

Constant GDP(2011)
exchange rate
Khuzestan population

(5) GDP — percapita = x PPP
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By dividing Iran's current gross domestic product by Iran's gross
domestic product by the fixed price in 2011, the price index (2011 =
100) is calculated to be placed in relation (5):

Table 2. Calculation results of the price index to the base price (2011 = 100)
Source: Research results

Year Iran’s Current GDP Iran's gross domestic product to base price Price index (100
(billion Rials) in 2011 (billion rials) =2011)

1996 261529 3010017 0.09

1385 2486861.7 5476337 0.45

1390 6364368.6 6364369 1.00

1395 12722850 6691109 1.90

By dividing Iran's GNI_pc by the purchasing power parity of dollar in
2011 (calculated by the United Nations) by Iran's GNI_pc at a fixed
price in 2011, the purchasing power parity rate in terms of base price
to be placed in Equation (6) is calculated as follows:

Price base to buy power parity rate =
(6) ((UN Computing) Iran GDP per capita)
((Calculator researcher) Iran GDP per capita)

By dividing Iran's GDP at a fixed price in 2011 by exchange rate and then by
the population of Iran, Iran's GDP per capita is obtained at the base price:

Price base to Iran GDP per capita GDP =

©) ((Iran GDP) / (exchange rate))
(Iran Country Population)
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Table 3. Calculation results of the purchasing power parity rate at the base price
Source: Central Bank of Iran and research results
Iran's Iran’s
GDP at Official \ \ Iran's Purchasing
- Iran’s Iran’s GNI_pc
fixed exchange . GDP_pc power
S GDP population (UN .
Year price in rate - - (dollars . parity rate
in (billion calculation
2011 (dollars to dollars cople) per based on at base
(billion rials) peop capita) PPP) price
rials)
1996 | 3010017 1751 1718.8 0.0601 28621 12731 0.44
2006 | 5476337 9171 597.1 0.0705 8471 16218 191
2011 | 6364369 10616 599.5 0.0751 7977 18194 2.28
2016 | 6691109 30915 216.4 0.0799 2708 18544 6.85

Now by placing the results of Table 2 and Table 3 into relation (5), we
will have:

Table 4. Khuzestan’s GDP_pc (2011 = 100) to the purchasing power parity of US dollar in

2011
Source: Research results
Khuzesta
n
. , GDP_pc
, | Exchang | Khuzestan’ Populatio | Khuzestan . at the
- Khuzestan e rate s GDP to n of s GDP_pc | Purchasin base price
o s GDP at (dollars exchange Khu_ze_sta (dollars g power to the
fixed price - : n (billion per parity rate .
to rials) rate ratio purchasin
people) person)
g power
parity of
US dollar
129 430483 | 17512 245.8 0.0037 65622 0.45 20190
220 811265 | 917094 88.5 0.0043 20697 192 39628
2 | gose71 | 106163 75.9 0.0045 16749 2.28 38200
2% | ss2se8 | 300149 18.9 0.0047 4003 6.85 27412

Now, after obtaining GDP_pc of Khuzestan province at the base price
equal to the purchasing power parity of US dollar, the income index of
Khuzestan province is calculated and compared with the values of
Iran's income index:
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Table 5. Calculation results of revenue index in terms of base price
Source: Research results

Khuzestan Iran Income
Khuzestan's GDP Khuzestan Income Index Iran Income
Year | per capita (dollars | Revenue Index Index Index (UN
L - (Researcher .
per person) (with ail) (excluding lculati Calculations)
oil) Calculations)
1375 29190 0.86 0.71 0.7 0.73
1385 39628 0.90 0.78 0.76 0.77
1390 38200 0.90 0.77 0.77 0.79
1395 27412 0.85 0.79 0.78 0.79

The per capita GDP of Khuzestan province at the base price increased
from 1996 to 2006 and decreased from 2006 to 2016, but the per capita
GDP of Iran according to UN calculations increased until 2011 but in
1395 it remained constant compared to 90. Khuzestan province income
index values with a slight difference compared to the country's income
index values also increased from 1375 to 1390 and decreased from
1390 to 1395. Iran's per capita GDP at the base price (calculated by the
researcher in Table 3) wasnot adjusted for the dollar purchasing power
parity rate in 2011.

The results of this calculation show that Khuzestan province is in
a better position than the country in terms of income index, especially
in 2006 and 2011. It seems that the sanctions have shown more impact
in the years after the nuclear sanctions in Khuzestan province. It also
seems that the revenue index of Khuzestan province is relatively
overestimated due to the added value of the oil sector. For this purpose,
based on the same method, the revenue index of Khuzestan province
without oil has been recalculated and placed in the table.

3-3- Education Index
The index of access to knowledge is a bit more complex than the other
two indexes involved in calculating the index of human development
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and, in fact it is obtained by combining the following two indexes of
education:

* —
EYSI*MYSI 0: EYSI*MYSI

El=
(8) 1-0

Where El is education index, VEYSI * MYSI is the index calculated in
the understudy province or country, zero is the lowest value of the
index according to the international standard and 1 is the highest value
of the index according to the international standard.

A) Mean years of schooling: Obtaining average schooling years
requires access to a population distribution based on degrees and
educational levels.

9) MYS=3"Jxs
(10) s¢ =Y hj x durf,
i

MYS (Mean Years of Schooling) is average number of years of study,
12 is the ratio (share) of the age group A population to the population
aged 25 and over in year t, s? is average number o fschooling years of
age groups of 5 (a) to 75 years and older in year t, a = 1 is age group of
25 to 29 years, a = 2 is age group of 30 to 34 years,. ..,and a= 11 is age
group of 75 years and older, h{, is the share of the age group population

(a) in year t who have education level of j, j is elementary, secondary
and tertiary levels, durjis the duration of schooling years of age
groups a in year t. The levels of educations include elementary, middle,
high school, pre-university, higher education and Nehzat (education for
older illiterate people), and the age groups are divided as much as
possible into 5-age groups from 25 to 74 years old, and the highest age
group is 75 years and older.

Based on Barro & Lee’s (1997) method (Lee & Barro, 2001) the
average schooling years is equal to the duration of schooling at each
education level per year (durj), multiplied by the share of the
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population in different age groups who have reached that level of
education as the highest level (h},). At first, for each age group, the

total number of students in each grade, including students studying and
literate students not currently studying (the table for the population
aged 6 and older by gender, age groups, literacy status and literacy
level) , are multiplied by the number of years of formal education of
the country until the end of that grade (for elementary level (5 years),
middle school level (8 years), secondary school level (11 years), pre-
university level (12 years), higher education level (16 years), Nehzat (2
years) and other indefinite and undeclared courses (11 years); The
resulting numbers for each age group are added together to obtain the
number of schooling years for each age group; afterwards, it is divided
by the population of the same age group (population table according to
age, sex and residence status) to obtain the average number of
schooling years (sg); Then the average schooling years of each age
group is multiplied by the population share of the same age group
(18, and their sum will be considered equal to the mean years of
schooling (MYS):

1) MYS| — MYS— mln_MYS
max MYS —min MYS
(12) MYSI — MYS-0 _ MYS
15-0 15

where MYSI is Mean Years of Schooling Index, MYS is mean years
of schooling(according to the international standard, O is the lowest and
15 is the highest mean years of schooling).

B) Expected Years of Schooling: it refers to the total number of
schooling years which a 6-year-old child is expected to enjoy in the
coming years.

n E![ Egnknown

(13) EY S = Zi:a P_tl + lelevel education W

where EYS is the expected years of schooling, E% is the number of
students enrolled in age i in academic year t, P! is the number of
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population in age i in academic year t, D, is the number of years of
course I, n is the highest age of education, E{"K°%njs the number of

students enrolled in school in academic year tregardless of age, and

p2ee °flevel is the number of population in schooling age in academic

year t.

First, the number of students studying in the country at the age
related to each academic year (E!) separated by individual ages (for
example, the number of 6-year-old students studying in the first grade
of primary school or the number of 11-year-old students studying in
the first grade of middle schools studying in the country) is divided by
the total population at the age of each grade level (P}) separated by
individual ages (for example, the total number of people aged 6 or the
total number of people aged 11);the Sum of the obtained numbers will

4
become Z?zaE—ti. Then the total number of students studying in the
Py

country at the relevant age (El) separated by each educational grade
(for example, the total number of 6- to 10-year-old students studying
within the country in the first to fifth grades of elementary school or
the total number of 11- to 13-year-old students studying within the
country in the first to third grades of middle school) are subtracted from
the total number of people studying in each grade within the country
(for example, the total number of people of all ages who are studying
in primary schools in the country, or the sum of people of all ages
studying in middle schools within the country) to find the number of
students of other ages (E{"K"°Wm) for each grade. The Number of
students in other ages (EX"K"°WM) during the period of official
education of the country for each grade is multiplied by the number of
years (for elementary level=5 years, middle level=3 years, secondary
level=3 years, pre- university level=1 year, higher education level= 6
years and other undeclared courses=18 years) and the summation of the
population at the age of each grade(P) is divided by each grade
(p28e °f1evelgor example, the total number of 6-10-year-old population

schooling in the grades of 1-5 or the total number of 11-13 year-old
population in the first to third years of middle school; the summation
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unknown
of the obtained numbers gives Us Yj—jevel education PagEetoflevel s and the
t 1
unknown i
summation of Y}j_jevel educationlﬁ;ﬂ,ﬂTﬂ) and Z{‘za% is considered
t 1 t
to be quivalent to the expected years of scholling(EYS).
(14) EYS| = EYS—mln_EYS
max EYS —min EYS
(15) EVS| = EYS-0 _EYS
18-0 18

where EYSI is the expected years of schooling index, EYS is the
average of expected years of schooling, 0 is the lowest expected years
of schooling according to the international standard and 18 is the
maximum expected years of schooling according to the international
standard.

Now the calculation results related to the mean years of schooling
(for Khuzestan) obtained from Eq(12), the calculation results related to
the expected years of schooling (for Khuzestan) obtained from Eq(13)
and the calculation results related to the average years of schooling
index and the expected years of schooling index of Iran are placed in

Eq(8):

Table 6. Calculation results of education index for Khouzestan Province
Source: Research results

Expected years
Mean years of Mean years of Expected years of schooling Khuzestan’s

Year schooling in sc_hoollng index | of schooling in index in Education

Khuzgstan in Khu;estan Khuza_astan Khuzestan Index

province province province :

province

1375 4.69 0.31 10.48 0.58 0.43
1385 6.52 0.44 11.20 0.62 0.52
1390 7.24 0.48 12.37 0.69 0.58
1395 8.42 0.56 14.20 0.79 0.67
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Furthermore, the calculation results related to the mean years of
schooling (for Iran) in Eq(12), the calculation results related to the
expected years of schooling (for Iran) in Eq(13) and the calculation
results related to the mean years of schooling index and the expected

years of schooling index in Iran are replaced in Eq(8):

Table 7. Calculation results of Iran's education index

Source: Research results

Mean years of Mean years of Expected years | Expected years of Iran
Year schooling in schooling index of schooling in schooling index Education
Iran in Iran Iran in Iran Index
1375 481 0.32 11.26 0.63 0.45
1385 6.82 0.45 13.23 0.74 0.58
1390 7.56 0.50 13.82 0.77 0.62
1395 8.82 0.59 14.90 0.83 0.70

Now, after obtaining the mean years of schooling index and the
expected years of schooling index, the education index of Khuzestan
province calculated with the values of Iran education index (calculated
by the researcher) and Iran education index (calculated by the UNDP),
are compared:

Table 8. Calculation results of education index
Source: Research results

Khuzestan’s Iran’s Education Index ( Iran’s Education Index (UN
Year - - .
Education Index researcher calculation) calculation)
1375 0.43 0.45 0.49
1385 0.52 0.58 0.63
1390 0.58 0.62 0.68
1395 0.67 0.70 0.74

The results of the calculations show that in Khuzestan province, the
education index is in a worse situation than the country. However, its
trend has improved since 1996.
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3-4- Human Development Index

By placing the values of life expectancy index from Table 1, income
index according to basic prices from Table s and education index from
Table 8 into Eq(5),the human development index of Khuzestan
province is calculated according to basic prices and compared with
Iran's Human Development Index (calculated by the researcher) and
Iran's Human Development Index (calculated by the United Nations

Development Program):

Table 9. Calculation results of human development index in terms of base price
Source: Research results

Khuzestan’s Human Khuzestan’s Iran’s Development | Iran’s Development
Year | Development Index Development Index Index (researcher Index (UN
with Qil without oil calculation) calculation)
1375 0.64 0.60 0.62 0.65
1385 0.72 0.68 0.71 0.73
1390 0.75 0.71 0.74 0.77
1395 0.77 0.75 0.78 0.80

The results of calculating the human development index in Iran
compared with the UN calculations show a high correlation, based on
which the calculated human development index for Khuzestan
province can be considered reliable.

Based on the results, the human development index of Khuzestan
province since 1996 with a value of 0.64 from the average level to the
high level in the years 2006-2016 has reached an acceptable growth in
this index. As it is clear, the index of human development without oil
in Khuzestan province is lower than the index of human development
in the country and shows the worse situation of Khuzestan province
than that of the country in this field. Moreover, based on these results,
until 2006, the situation of the province was average in terms of
indexes, and after 2011, it has improved and is considered at a high
level.

3-5- Simulation of Human Development Index
Simulation is the creation of an artificial environment and the use of a
theoretical model to estimate the behavior of a real-world system. An
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artificial environment is a virtual space in which the analyst tries to
model a system in the real world (Nawrocki, 2001). Depending on the
purpose of the simulation, four types of simulation can be defined that
are used individually or collectively in experimental works:

Simple generator simulation: This type of simulation is used when
for some reason it is not possible to obtain a sample for the variable
under consideration. The reason for that can be it has not yet occurred
or been recorded or it is not economical to sample it. This type of
simulation can be used to predict through regression models containing
random perturbations. For example, suppose that there is a
Y =a+bZ+cX +erelation between X, Y and Z. Where Y is the
studied variable, Z is the variable with the available sample, X is the
positive variable with specified mean and distribution and non-
sampling probability, and e is error term with normal distribution. In
this case, the values of X and e must be simulated to investigate the
behavior of Y. The Monte Carlo simulation is an example of this type
of simulation (Nawrocki,2001).

Sensitivity or tactical analysis simulation: This type of simulation is
used when the main question is how the model or variable under
consideration behaves in the event of a change in the model parameters.

For example, in a Y =a+bX +CX *relation in order to measure the
sensitivity of y to changes in ¢, we can simulate this by making artificial
changes.

Strategic or exploratory simulation: This type of simulation is
mostly used when the effect of a controlled variable on the studied
variable is considered. Suppose that in the example above the variable
is controlled by X, that is, the value it gives depends on the decision and
action of the reviewer. In this case, this type of simulation is changed
into "What happens if?". Ex-post simulation is one type of this
simulation.

Interactive simulation: This type of simulation is modelling of the
human brain's decision-making process about the effective variables
that are used in the construction of artificial intelligence after copying.
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Sugar space simulation is an example of this type of simulation
(Rahman & Setayeshi, 2007).

The ex-post simulation method, which is a part of dynamic
disequilibrium adjustment model (DDAM) is based on strategic or
exploratory simulation. In this method, after performing the operation
of estimating regression equations in the model, different scenarios can
be simulated using the estimated model. In other words, numerical
model is an estimation of the structural form of the model that must be
solved for endogenous variables to find the summarized form. If this
pattern is solved in the sample period, the sample period simulation or
retrospective simulation will be obtained and the values of the solved
endogenous variables can be compared with the real values to evaluate
the performance of the model in the past but if the values of the
exogenous Vvariables are considered in the period, The sample will
change and then the pattern is solved for the endogenous variables. The
values of the endogenous variables are obtained based on the amount
of the endogenous policy variable known as "shock analysis™ (Bid
Abad & Peykarjoo, 2007). In this research, using the econometric
model, the human development index in Iran has been simulated. The
adopted method is a simultaneous pattern of behavior that considers the
effects of changes in the Human Development Index through the
components of the UN Human Development Index and at the same
time predicts it and considers it in the Human Development Index. The
estimation method is based on the dynamic least squares method
proposed by Stoke and Watson (1993) which is very useful for
predicting variables. In general, the DOLS estimator compared to other
convergence vector estimators has severaladantages, some of which are
mentioned:

1. Similar to the ARDL estimator, this estimator does not need to be all
first-order collective time series | (1) and can be used in cases where
the collective degree of the variables is different.

2- This estimator is easy to calculate, so that the estimation of the model
with the help of this estimator is much easier compared to other
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estimators with asymptotic performance, and therefore the long-term
estimation of the parameters is compatible with DOLS method.

DOLS estimator is a good way to correct the problem of
endogenousness and autocorrelation.

4. The waste obtained through DOLS method is not correlated with any
of the independent variables and can be considered completely
ex0genous.

5. In DOLS method, the endogenousness of explanatory variables does
not affect asymptotic properties, especially estimator consistency.

6. In case all variables have a collective order of one and there is only
one convergence vector, DOLS estimator is asymptotically equivalent
to Johansson (1988) maximum likelihood estimator.

7. In small samples, estimations obtained by DOLS method have a
lower mean squared error than those obtained by the Johansson
maximum likelihood method. In addition, DOLS has the least esquaerd
error among all convergence vector regression estimators (Stock &
Watson, 1993).

Hence, , the short-term estimation equations have the following general
form:

k
(16) Xi=A+AY + ZaitAYt—i +AZ +¢&

where X represents the dependent variable (in this study, the human
development index for Khuzestan province HDI), Y is the vector of
independent variables (in this study, including LEI life expectancy
index, 1l income index and EI education index calculated by the UN),
A is The difference sign and Z t is the vector of other variables that do
not need delay and precedence. In order to obtain long-run equations
and coefficients, it is assumed that t equals long - term antecedence and
precedences. One of the main problems of DOLS method is
determining the appropriate number of precedence and antecedence of
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variables, while DOLS estimator results are also sensitive to the
selection of the number of precedence and antecedence periods. Due to
the importance of this research subject , using Akaik statistics, the
optimal length of antecedence and precedence is investigated.
Therefore, the estimation of equations from this method is evaluated
for the time data of 2017-2020 taken from the United Nations.

Various statistics have been used to evaluate the performance of
the simulation model in the retrospective simulation period. One of the
statistics that has traditionally been used as a measure of pattern
simulation accuracy is the variance of simulation error (Pindyck &
Rubinfeld, 1998). Based on these statistics, the degree of proximity of
the simulation variable to the real series is measured. Assume that for
the historical period T1 = 1,...,T and for the retrospective period
T2 =T + 1,..,T + h, then the criteria for predicting power are
defined as follows:

(Root — Mean — Square Error of simulation)

(17) -
RMSE =[SV -Y)? i=1..T,T+1..,T +h

Correlation coefficient
7 2
(18) i(Y _Y)

" XN—?)Zﬁ(Y Yy

In the above equations, Y represents the real variable and Y represents
the simulated variable. The above traditional criteria show important
properties in comparing simulation and real variables. Eq (7) shows
that the closer minimum simulation error to zero, the closer simulation
to the real values, and correlation coefficient is a coefficient in which
the degree of correlation between two variables is obtained, regardless
of being exogenous or endogenous. The closer the correlation
coefficient to one, the better (Gujrati, 2004).
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According to the research results, the human development index of
Khuzestan province can be simulated for the period 1990-2018. The
results of this simulation are shown in Table 10.

Table 10. Simulation of Khuzestan Human Development Index
Source: Research results

Indicator Year Indicator Year Indicator Year
0.7 2010 0.62 2000 0.54 1990
0.71 2011 0.63 2001 0.55 1991
0.73 2012 0.64 2002 0.57 1992
0.73 2013 0.64 2003 0.58 1993
0.73 2014 0.64 2004 0.59 1994
0.73 2015 0.65 2005 0.6 1995
0.74 2016 0.68 2006 0.6 1996
0.74 2017 0.68 2007 0.61 1997
0.74 2018 0.69 2008 0.61 1998
0.74 2019 0.7 2009 0.62 1999

In order for further examination of simulation results with the actual
data values, the results of the calculation of the simulation evaluation
criteria are shown in Table 11. These results indicate the validity of the
simulation performed.

Table 11. Predictive error criteria

Source: Research results
r RMSE

0.97 0.02

As the results of Table 10 show, Khuzestan Human Development Index
had a growing and gentle trend until 2005, but from 2006, it seems that
a structural leap or failure occurred in the Human Development
Index.Thenfrom 2016 to 2018, the trend stabilized and somehow
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reached a stable value. Also, based on this simulation, the human
development index in Khuzestan province was at a moderate level until
2008, but has reached a high level since 2009.

4- Summary and Conclusion

Human Development Index is a composite index to measure success in
any countryin three basic criteria of human development, long and
healthy life and access to knowledge and awareness. Based on this
index, the success rate of countries can be measured based on these
three main criteria. Khuzestan province, with a large share of oil and
gas resources and large and national economic units, is expected to
have a relatively higher human development index than the national-
level average.

To test this hypothesis, in this study, using the new formula, the
human development index of Khuzestan province for the years 1996,
2006, 2011 and 2016 was calculated. The results of this study showed
that life expectancy index and education index in Khuzestan province
are worse than that of the country, but the income index (including oil)
was higher than its counterpart in the country level. However, the
calculation of the oil-free human development index for Khuzestan
showed that this income index is in a more unfavorable situation than
that of the country.

Based on the results, the human development index of Khuzestan
province from 1996 with a value of 0.64 from the average level reached
the high level in the years 2006 to 2016, which is an acceptable growth
in this index. Also, the non-oil human development index of Khuzestan
province is lower than the similar index of the country and shows the
worse situation of Khuzestan province compared to the country in this
field.

The simulation results of the Human Development Index show
that there was a growing and gentle trend until 2005, but since 2005 it
seems that there has been a leap or failure in the Human Development
Index. Moreover, based on this simulation, the human development
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index in Khuzestan province was at a moderate level until 2009, which
reached a high level after 2010.
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ABSTRACT

In this study, while calculating the CO2 emission demand elasticity and CO2 emission
output elasticity of production sectors for 2001 and 2011 using Input-Output analysis, CO2
emission elasticities are decomposed using structural decomposition analysis to identify
stimuli. Findings show that the "Electricity generation, transmission, and distribution™
sector has the most elasticity in these years. The ""Ghosh inverse matrix" effect is a strong
stimulus to the CO2 emission elasticity of the sectors. This result indicates that the change
in the share of output i, which is sold to sector j as an intermediate input, is a strong
stimulus to increase the elasticity of CO2 emissions. These changes can be due to increased
economic activities and the inefficiency of production structure. Increasing the share of
renewable energy in the energy consumption basket of production sectors, increasing
energy efficiency (reducing energy intensity) by replacing new and advanced equipment
with old and worn equipment and improving production structure can help reduce the
elasticity and CO2 emission in lIran's production sectors. The results of this study are
significant for energy and environmental policymakers.
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1- Introduction

Today, the environment is one of the most challenging economic and
political issues in international politics. In recent years, numerous
meetings and conferences have focused on climate change and
environmental challenges, reflecting the concerns of economists,
politicians, and ecologists about environmental issues.

In 2019, Iran is ranked sixth among world countries and fifth
among Asian countries (including Russia) in terms of CO;
emissions.! Therefore, studying the CO. emission elasticity of the
production sectors of this country is significant and important for
energy and environmental policymakers. What factors influence
changes in CO, emission elasticities? Which are the stimulants and
which are the inhibitors? The answers to these questions are useful in
reducing and controlling CO2 emissions. In the present study, CO>
emission elasticities of production sectors are calculated, and then,
with the aim of identifying CO. emission elasticity stimuli, the
changes in CO. emission elasticities are broken down into different
components.

The methodology of this research is based on Input-Output
analysis and decomposition analysis. The economy of all countries of
the world is composed of different sectors that in a general
classification can be divided into two groups of manufacturing
industries and non-manufacturing industries. Input-Output tables are
widely used today in predicting and describing the environmental
conditions of countries due to their inclusion of manufacturing and
non- manufacturing groups. It can be said that Input-Output analysis
and decomposition analysis are used in conjunction with econometric
techniques, and perhaps even more econometric techniques are used
to explain and describe environmental and energy issues. In recent
years, Structural Decomposition Analysis (SDA) has been an
important tool for breaking down and analyzing changes in physical

L http://www.statista.com
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variables, such as energy consumption or CO> emissions, to changes
in their economic and physical determinants. Structural
decomposition analysis is a static comparative technique in which the
structural term refers to the inclusion of output and demand structure
by Input-Output tables (Rormose, 2011). In the analysis of the
complex interaction between the economy and the environment, it is
very important to obtain all the details of the consumption and
production structure obtained by Input-Output tables.

The novelty of this paper is to determine and calculate the
components of changes in CO, emission elasticities using SAD. Guo
et al. (2018) have presented a method for calculating CO2 emission
elasticities based on the Input-Output analysis. CO2 emission demand
elasticity is the percentage change in CO2 emissions of the economy
as a result of a 1% change in the final demand of sector and CO>
emission output elasticity is the percentage change in sectoral CO>
emissions as a result of a 1% change in the final demand of all
sectors. In this study, first CO2 emission elasticities calculated based
on Input-Output analysis and then decomposed based on the structural
decomposition analysis with the aim of identifying the stimuli of CO>
emission elasticities. In this study, unlike Guo et al. (2018), it takes
two years (not one year) for the purpose of the study, and by having
two times, the components of the changes in CO, emission elasticities
are calculated (Guo, Zhang, & Zhang, 2018).

Based on the decomposition analysis, we have identified the
effect of "changing the Ghosh inverse matrix", the effect of "changing
the share of final demand in the total output of sector" and the effect
of "changing the share of CO, emission of sectors" for changes in
CO. emission demand elasticity and the effect of “changing the
Ghosh inverse matrix" and the effect of the "changing the share of
final demand in the total output of sectors” and the effect of the
"changing the share of CO. emission of sector” for changes in the
production elasticity of CO, emissions.
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The organization of the article is as follows: the literature
review is presented in the second section. Methodology and data
analysis are explained in the third section. Experimental findings and
discussion are dedicated to the fourth and fifth sections, respectively.
Finally, conclusions and recommendations are the subjects of section
SiX.

2- Literature Review

In the 1970s, oil shocks coupled with the recession led economists to
focus on energy input. At the same time, due to the importance and
role of energy consumption in economic growth, environmental
concerns were raised and the quality of the environment was
considered by economists and politicians. Since then, extensive
research has been conducted on environmental quality and emissions
of pollutants. The answer to the question of what factors affect CO-
emissions has always been of interest to energy and environmental
researchers and policymakers.

Some research studied Environmental Kuznets Curve
hypothesis  (Ahmadian, Abdoli, Jabalameli, Shabankhah, &
Khorasani, 2019; Apergis & Ozturk, 2015; Azomahou, Laisney, &
Van, 2006; Chen & Chen, 2015; Grossman & Krueger, 1991, 1995;
Selden & Song, 1994; Shafik & Bandyopadhyay, 1992; Stern, 2015;
Tao, Zheng, & Lianjun, 2008) and examined the impact of economic
growth on emissions and some research studied Pollution Haven
hypothesis (Cole, 2004; Guzel & Okumus, 2020). The pollution
haven hypothesis posits that, when large industrialized nations seek to
set up factories or offices abroad, they will often look for the cheapest
option in terms of resources and labor that offers the land and
material access they require. However, this often comes at the cost of
environmentally unsound practices. Some studies focused on
econometric methods and examined the impact of effective factors
(economic growth, technological factors, financial factors,
international trade factors and political factors) on CO2 emissions
(Adams & Kilobodu, 2018; Al-Mulali & Ozturk, 2015; Gorus &
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Aslan, 2019; Nasreen, Anwar, & Ozturk, 2017; Ozcan, Tzeremes, &
Tzeremes, 2020; Pandey & Rastogi, 2019; Salahuddin, Alam, Ozturk,
& Sohag, 2018; Y. Zhang & Zhang, 2018). Numerous studies have
been conducted since the early 1990s on the relationship between
economics and the environment using Input-Output analysis and
decomposition analysis (structural decomposition analysis and index
decomposition analysis). In this group of studies, the factors affecting
CO2 emissions are examined (Chang, Lewis, & Lin, 2008; Kim, Yoo,
& Oh, 2015; Lim, Yoo, & Kwak, 2009; Paul & Bhattacharya, 2004;
Su, Ang, & Li, 2017; Tunc, Turit-Asik, & Akbostanci, 2007; Wang,
Chen, Zhang, & Niu, 2015; Yabe, 2004; Yu, Zheng, Ba, & Wei,
2016; Y.-J. Zhang, Bian, Tan, & Song, 2017; Y.-J. Zhang & Da,
2015). Some researchers in the coming years have tried to use the
concept of elasticity to link CO2 emissions and economic activity.
Heutel (2012), Klarl (2015 and 2020), Azami and Angazbani (2020)
estimated elasticity of CO2 emissions with respect to GDP by use of
DSGE, MSDR and MSAR, respectively (Azami & Angazbani, 2020;
Heutel, 2012; T Klarl, 2015; Torben Klarl, 2020). They showed there
is a difference between elasticity of CO2 emissions during expansions
and elasticity of CO2 emissions during recessions. A group of studies
such as Rafaty et al. (2020) investigated the impact of carbon pricing
on elasticity of CO, emissions (Rafaty, Dolphin, & Pretis, 2020).
Another group of studies has tried to link CO2 emissions and
economic activity using Input-Output analysis and elasticity (Guo et
al., 2018; Hondo, Sakai, & Tanno, 2002; Moran & del Rio Gonzélez,
2007; Tarancon & Del Rio, 2007). Guo et al. (2018) examine the key
sectors that save energy and reduce CO2 emissions in China by using
the Input-Output analysis and calculating emission elasticities. We
also look for determinants of elasticity changes by decomposing
elasticities. This study seeks to determine the changes in CO:
emission elasticities of the production sectors by calculating and
decomposing elasticities (Guo et al., 2018).
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3- Methodology and Data

3-1- Methodology
Following Guo et al. (2018), we calculate the elasticity of CO:
emissions (Equations 1-7) (Guo et al., 2018). The output equation of

production sectors is considered as Equation (1).

1) X=(-A7Y
Where X is total output, Y is the final demand and (1 — A)™ is

the Leontief inverse matrix. | is unit matrix and A is technical
coefficient matrix. CO2 emissions of production sectors are calculated
according to the CO emissions intensity and the total output as

Equation (2).

(2 X=f'(-A"Y
Where E is a row vector whose elements represent the total

CO2 emissions of each sector in the production activity system and
f’ is a row vector whose elements represent the CO2 emissions

caused by per unit of output in each sector. According to the purpose
of CO. emission elasticity calculation, the following changes in CO>
emission are calculated:

3) AE=f'(1-A) Yo
Where € is the proportion of changes in the final demand.
Accordingto S= XY :

(4) AE = f'(1 - A)*XS6
Where the symbol 2 represents the corresponding vector

diagonalisation. S is a column vector whose elements represent the
shares of the final demand of each sector in the total output.
According to the purpose of CO2 emission elasticity calculation, both

sides of equation (4) are divided by E :
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(5) E'AE=E"f'(1-A)"'XS8
According to: f'=EA'X™

(6) EZAE = 8'X (1 - A XS0

B’ is a row vector whose elements represent the shares of CO>
emissions in each sector in the total CO2 emissions caused by the
final use of all sectors. According to X~'(I —A)*X =(1 —A)?, the
equation for calculating CO> emission elasticity is summarized as
Equation (7):

) EY=8-A7*S=41-B)"S

According to Equation (7), the matrix E” is written as Equation

(8):

y y Y
B.gy X_i B.21, X_j o By, X_n
(8) E =
BngnlL Bzgnzﬁ Bngnnh
L Xy X, X, |

g; is matrix elements of (1-B)*. B=-L is the direct output
i
coefficients matrix and shows the proportions that each sector i sells
to every other sector j out of its total output and (I-B)™ is the Ghosh
inverse matrix and show the direct and indirect sales that sector j must
. Xii . . . .

encourage to every other sector i. A =—L is the technical coefficients

X.

J
matrix, the proportion of each good i that each sector j uses in as input
to produce a product and (I-A)™is the Leontief inverse matrix and
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shows the direct and indirect requirements of inputs produced by
sector i per unit of output produced sector j.

In the following TI, andDl;, are rewritten according to
Equation (8):

© T =S E =3 A0 = 1D A0,

j ] i=1

(10) DI, = S €)= S b, y'_ -p> g,

i1 X
TI, indicates the percentage change in CO2 emissions of the

economy as a result of a 1% change in the final demand of sector.
This elasticity shows the effect of demand structure on CO2 emissions

of the whole economic system. DI, indicates the effect of one percent

change in the final demand of all economic sectors on the CO:
emissions of sector i. DI, indicates the percentage change in sectoral

CO2 emissions as a result of a 1% change in the final demand of all
sectors. This elasticity shows the effect of production structure on
CO. emissions of the whole economic system.

Based on the structural decomposition approach, the increase in
TI; over a specific period can be decomposed as follows:

ATI A( )ZBg.ﬁMZB g.,)
(11)

=A( )ZBg., + 2 (2BAg.,>+y' S eit$)

According to the decomposmon ATIj and based on Equation
(11), ATI; is decomposed into three factors; “"changing the share of
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final demand in the total output of sector”, "changing the Ghosh
inverse matrix™ and "changing the share of CO, emission of sector".
The interpretation of "change in the Ghosh inverse matrix" is derived
from the matrix of production coefficients (or allocation coefficients);
A change in the share of industry i production that is sold to industry j
as an intermediate input.

Based on the structural decomposition approach, the increase in
DI, over a specific period can be decomposed as follows:

ADL=AB) Y (g, +ACY 2 g ),
(12) J i 7

— yi yj yj
=B, (z giA( X_))+BI (ZX_ Agij)+ABi ZX_ g

According to the decomposition of ADI; and based on Equation
(12), ADI,; is decomposed into three effects; "changing the share of

final demand in the total output of sectors”, "changing the Ghosh
inverse matrix™ and "changing the share of CO2 emission of sector". It
should be noted that the effect of “changing the Ghosh inverse

matrix" on elasticity decomposition of TI, (Bi(Z§Agij)) is
=X

J
different from this effect on elasticity decomposition of DI, (

% (ZBiAgij) )-
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3-2- Data

The Statistics Center of Iran and the Central Bank of Iran publish
input-output tables for Iran. In this study, we have used input-output
tables published in 2001 and 2011 by the Statistics Center of Iran.

To accurately calculate the share of CO; emissions of
production sectors, we need to eliminate the influence of inflation.
Therefore, the input -output tables of 2001 and 2011 with the price of
2011 are converted into input-output tables with a constant price. Due
to the differences in the sector classification of the input-output tables
of 2001 and 2011, we match some production sectors and finally take
into account the 65 unified sectors. Also, for price indices, the 82-
sectors table of the statistics center has been used, which has been
aggregated into 65 sectors.

In order to calculate the CO> emission of each production
sector, we first obtain the total consumption of each energy for each
year from the Iranian energy balance sheet, and then we allocate each
energy consumption to production sectors and single household
sector, according to input-output tables and the share of production
sectors and the share of the household sector (Kim et al., 2015). Then,
using the 1996 IPCC guidelines and according to the emission factors
of each energy source, we calculate the CO2 emissions of each sector
(Eggleston, Buendia, Miwa, Ngara, & Tanabe, 2006). The types of
energy source used in Iran's production sectors and the details of CO>
emissions related to each source are reported in Tabel 1.

Tabel 1. COzemission factors of different energy sources
Source: Research calculations

Code Energy source kton CO; /Pj
1 furnace oil 76.593
2 gas oil 73.326
3 kerosene 71.148

2 This article is taken from the master's thesis that was defended in 2021 and data was
collected in 2020, which at that time the last published input -output table was table of 2001.
Recently, the input -output table of 2016 has been published.
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4 gasoline 68.607
5 natural gas 55.820
6 liquefied gas 62.436
7 light jet fuel 68.244
8 heavy fuel jet 75.785
9 coal 92.500
10 electricity 148.333
11 coke 100.842
12 solid fuel 92.5

Fuels used to generate electricity include natural gas, kerosene, gas
oil, gasoline, and fuel oil. Blast furnace gas, coke, coke gas, and tar
are also products obtained from coal and due to lack of access to their
emission factor, the amount of carbon dioxide emissions is calculated
for coal in general. Firewood, charcoal, and animal waste have been
used as energy in Iranian industries and their CO2 emissions have
been calculated based on solid fuels in the 1996 IPCC guidelines due
to their lack of emission factors.

4- Experimental findings

Aim of this paper is to investigate the factors affecting CO. emission
elasticities, CO. emission demand elasticity and CO2 emission
production elasticity. In the first step, the elasticities are calculated;
Tl; is the percentage change in CO2 emissions of the whole economic
system compared to one percent change in final demand of sector |
(CO- emission demand elasticity) and DlI; is the percentage change in
CO2 change in sector i to one percent change in final demand of all
production sectors (CO2 emission output elasticity). In the second
step, changes of elasticities are decomposed.

4-1- Calculating the TIj and DIi elasticities of lran's production
sectors

Using Equations (9) and (10), the TI; and DI; elasticities are

calculated for 65 production sectors in Iran in 2001 and 2011. S; is the

share of final demand in output and fi is the share of emissions in

sector i.
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Tabel 2. Calculation of Tlj and Dl; elasticities of Iran's production sectors in 2001 and 2011
Source: Research calculations

Sectors 2001 2011
Sec
tor Sector
Tl DI; Si Bi TI; DI; Si Bi
cod name
e
agricultur
1 eand 0.024 | 0.022 | 0.66881 | 0.03163 | 0.032 | 0.025 | 0.66543 | 0.02379
horticultur 169 358 7273 2245 376 564 2594 0262
e
agricultur
e, forestry
) d 0.008 | 0.009 | 0.31243 | 0.02302 | 0.012 | 0.017 | 0.23171 | 0.01638
an
. 118 153 1256 7219 143 091 8609 5703
animal
husbandry
3 fishi 0.001 | 0.001 | 0.81573 | 0.00169 | 0.003 | 0.001 | 0.83975 | 0.00158
ishin
g 621 409 8129 9211 082 603 4298 9667
crude oil
extraction,
natural
4 d 0.055 | 0.054 | 0.88161 | 0.06156 | 0.061 | 0.101 | 0.57015 | 0.09924
as an
g o 13 327 9465 8594 104 17 2987 1779
mining
support
services
extraction
5 ¢ oth 4.65E | 0.000 | 0.00893 | 0.00481 | 0.002 | 0.006 | 0.17329 | 0.00530
of other
. -05 353 1604 4287 222 609 943 0576
mines
productio
n of food
5 q 0.038 | 0.035 | 0.71800 | 0.04747 | 0.085 | 0.036 | 0.77135 | 0.03558
an
296 055 13 8129 693 965 6538 251
beverage
products
7 productio | 0.000 | 0.000 | 0.96308 | 0.00057 | 0.000 | 0.000 | 0.98729 | 0.00051
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n of 686 556 9382 6881 939 526 1699 4147
tobacco
products
and
Tobacco

. 0.006 | 0.002 | 0.64329 | 0.00427 | 0.010 | 0.005 | 0.60021 | 0.00452

8 textiles 692 952 686 4092 219 019 0012 8578

0.003 | 0.002 | 0.81592 | 0.00335 | 0.009 | 0.005 | 0.93853 | 0.00530

* apparel 18 804 6481 3599 842 891 1423 3402
Productio
n of

10 leather 0.001 | 0.000 | 0.75836 | 0.00115 | 0.004 | 0.002 | 0.87670 | 0.00243
and 238 915 8905 2444 603 804 3238 3833
related
products
wood and - -

" wood 7 2E. 6.71E 004283 0.00144 | 0.000 | 0.003 | 0.04739 | 0.00254
oroducts - -05 7402 9739 44 491 0807 2956
paper and
paper

0.000 | 0.000 | 0.11769 | 0.00236 | 0.001 | 0.004 | 0.16710 | 0.00285
12 products,

. 404 488 6168 5285 51 872 9134 4148
printed
paper
coke, oil
0.055 | 0.060 | 0.73742 | 0.07456 | 0.090 | 0.054 | 0.78862 | 0.05207
13 refining
123 31 8595 9839 275 433 4651 9401
products
chemicals
1 and 0.019 | 0.026 | 0.38479 | 0.04975 | 0.033 | 0.029 | 0.47895 | 0.02365
chemical 567 007 3177 4163 408 175 7502 4668
products
rubber and
15 Jasti 0.001 | 0.001 | 0.18465 | 0.00510 | 0.002 | 0.007 | 0.09546 | 0.00598
astic
P 2 349 774 3125 05 913 5441 8283
products

16 | othernon- | 0.002 | 0.002 | 0.17579 | 0.00897 | 0.010 | 0.011 | 0.24174 | 0.01045
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metallic
mineral

products

304

312

0716

8067

656

116

3218

1951

17

productio
n of base

metals

0.001
905

0.003
317

0.09580
9532

0.01632
7833

0.006
299

0.035
061

0.07439
4868

0.01954
4194

18

productio
n of metal
products
except
machinery
and

equipment

0.007
939

0.007
494

0.40580
3637

0.01575
5988

0.038
423

0.019
583

0.47239
104

0.01699
733

19

productio
n of
computer,
electronic
and
optical
products,
electrical

equipment

0.009
377

0.008
509

0.83884
2725

0.00938
5834

0.015
822

0.013

0.56120
2543

0.00909
8969

20

productio
n of
machinery
and
equipment
not
elsewhere

classified

0.013
184

0.012
719

0.77138
0008

0.01468
1745

0.017
612

0.021
913

0.65975
1447

0.01310
0428

21

productio
n of motor
vehicles

and other

0.024
495

0.022
968

0.86534
2345

0.02546
6902

0.063
667

0.031
307

0.59489
7828

0.02521
4345
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transport
equipment
productio
2 ; 0.002 | 0.002 | 0.95558 | 0.00252 | 0.007 | 0.003 | 0.84422 | 0.00327
no
. 587 416 0291 3266 966 377 3587 1084
furniture
Productio
0.001 | 0.001 | 0.60416 | 0.00280 | 0.003 | 0.003 | 0.56945 | 0.00256
23 n of other
786 815 2515 7355 158 131 0965 8658
products
Productio
n,
transmissi
” q 0.063 | 0.080 | 0.22410 | 0.27247 | 0.088 | 0.336 | 0.24132 | 0.30188
on an
o 811 058 9681 0858 833 381 5604 0684
distributio
n of
electricity
Productio
nand
’s distributio | 0.001 | 0.001 | 0.07567 | 0.01787 | 0.018 | 0.028 | 0.60521 | 0.02606
n of 361 496 6308 1298 418 059 4025 6716
natural
gas
Water
supply,
Waste
managem
2 ) 0.000 | 0.000 | 0.34927 | 0.00188 | 0.002 | 0.001 | 0.26317 | 0.00187
ent,
896 766 8115 8975 751 962 0897 3434
Wastewat
erand
treatment
activities
»7 Residentia | 0.019 | 0.018 | 0.91324 | 0.02005 | 0.059 | 0.018 | 0.87399 | 0.01836
I buildings 642 848 6671 1175 116 416 8891 9022
28 Other 0.029 | 0.027 | 0.86710 | 0.03073 | 0.096 | 0.031 | 0.90714 | 0.03116
buildings 724 015 1611 4564 652 323 507 1826
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e e B )
Wholesale
and retail,
. 0.052 | 0.049 | 0.78637 | 0.05958 | 0.087 | 0.058 | 0.64453 | 0.05635
29 Repair of
939 043 6588 4274 055 989 0666 773
motor
vehicles
30 Repair 0.004 | 0.003 | 0.98934 | 0.00359 | 0.005 | 0.004 | 0.48619 | 0.00411
services 984 888 5732 6716 184 346 9333 8131
Transport
ation
31 Quoted 0.001 | 0.001 | 1.04000 | 0.00122 | 0.000 | 0.001 | 0.29810 | 0.00097
from 349 346 3977 9232 78 076 0285 3077
Intercity
rail
other land
0.013 | 0.012 | 0.43159 | 0.02723 | 0.021 | 0.026 | 0.48137 | 0.02434
32 | transportat
. 39 865 6614 5504 625 186 7662 1375
ion
pipeline
0.000 | 0.000 | 0.56858 | 0.00038 0.001 0.00094
33 | transportat 0 0
. 27 223 4842 4295 01 5491
ion
water
0.002 | 0.001 | 0.60028 | 0.00276 | 0.004 | 0.002 | 0.59925 | 0.00192
34 | transportat
! 727 83 923 7792 384 377 9983 112
ion
air
0.002 | 0.001 | 0.79560 | 0.00139 | 0.002 | 0.006 | 0.44102 | 0.00320
35 | transportat
] 41 153 0972 3523 623 868 8935 4695
ion
warehousi
ng and
36 transportat | 0.000 | 0.001 | 0.27792 | 0.00276 | 0.001 | 0.003 | 0.20800 | 0.00261
ion 877 179 154 9185 324 242 9695 4209
support
activities
post and
37 ) 0.013 | 0.014 | 1.26739 | 0.01074 | 0.015 | 0.009 | 0.54243 | 0.00901
courier
. 897 085 3397 7794 515 264 4139 1625
activities
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38 accommo | 0.000 | 0.000 | 0.44996 | 0.00101 | 0.003 | 0.005 | 0.76746 | 0.00308
dation 643 477 0364 8178 429 455 7178 9822
service
activities
related to

0.006 | 0.005 | 0.75738 | 0.00677 | 0.015 | 0.007 | 0.89546 | 0.00751
39 Food &
131 202 724 1503 289 767 7135 8823
Beverage
(Restaura
nts, etc.)
Informatio

40 nand 0.001 | 0.001 | 0.93009 | 0.00128 | 0.000 | 0.000 | 0.55675 | 0.00070
Communi 207 302 283 4961 951 889 3349 8219
cation
Banks and

m Financial 0.004 | 0.004 | 0.40314 | 0.00970 | 0.006 | 0.009 | 0.34014 | 0.00946
Institution 046 722 3973 259 26 83 1749 5134
S
Other
Financial

" d 0.000 | 0.000 | 0.07827 | 0.00244 | 0.000 | 0.002 | 0.05909 | 0.00222
an

202 216 7766 7236 167 948 8486 7565
Insurance
Services
0.001 | 0.001 | 0.49966 | 0.00215 | 0.000 | 0.002 | 0.27066 | 0.00205
43 Insurance
101 523 1185 4759 825 171 1127 8544
Private
. 0.009 | 0.008 | 0.30835 | 0.02614 | 0.028 | 0.025 0.02520
44 Housing 1
. 081 063 9064 7926 682 205 463
Services
Rental
. 0.003 | 0.003 | 0.26526 | 0.01169 | 0.012 | 0.011 | 0.99741 | 0.01130
45 Housing
. 207 104 7678 9654 602 311 3504 7296
Services
Non-
. 8.22E | 0.000 | 0.00168 | 0.00462 0.007 0.00690

46 Housing 0 0

. -06 243 2709 6629 287 2426
Services
47 Brokers 0.001 | 0.001 | 0.71555 | 0.00230 | 0.001 | 0.001 | 0.61779 | 0.00141
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e e B )
Services 708 696 7892 5136 551 532 7838 205
Research
28 and 0.001 | 0.001 | 1.13227 | 0.00152 | 0.001 | 0.001 | 0.69364 | 0.00131
Developm 8 77 5398 7756 853 352 1498 9611
ent
Other
profession
al,
o 0.002 | 0.002 | 0.40249 | 0.00520 | 0.003 | 0.004 | 0.35043 | 0.00380
49 scientific
q 167 642 0058 2588 631 302 571 8887
an
technical
activities
50 veterinary | 0.000 | 0.000 | 1.26421 | 0.00018 | 0.000 | 0.000 | 0.61573 | 0.00018
activities 248 245 6432 8283 217 184 2103 1086
public
administra
51 i 0.013 | 0.012 | 1.15538 | 0.01056 | 0.024 | 0.012 | 0.87487 | 0.01239
ion,
. 042 213 2433 7067 259 573 9153 8222
social
services
0.013 | 0.012 | 1.29465 | 0.00954 | 0.021 | 0.009 | 0.99696 | 0.00945
52 defense
147 353 3816 0971 73 467 3278 3737
law
0.002 | 0.001 | 0.59936 | 0.00315 | 0.004 | 0.003 | 0.93853 | 0.00303
53 | enforceme
X 21 889 7724 0259 743 039 4293 6529
n
compulsor
. 0.001 | 0.001 | 1.86456 | 0.00068 | 0.002 | 0.000 0.00075
54 y social 1
. 353 273 9088 2556 488 751 0761
security
public
. 0.004 | 0.004 | 1.14925 | 0.00378 | 0.004 | 0.003 0.00363
55 primary 1
. 562 351 1955 5761 912 633 3281
education
private
. 0.000 | 0.000 | 1.59104 | 0.00016 | 0.000 | 0.000 0.00013
56 primary 1
. 287 264 7 5868 362 135 5404
education
57 general 0.005 | 0.005 | 1.04368 | 0.00499 | 0.009 | 0.004 1 0.00479
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and 491 216 1595 7979 623 799 8736
technical
secondary
education
public
vocational
education

53 and 0.000 | 0.000 | 1.37786 | 0.00040 | 0.000 | 0.000 1 0.00037

Technical 619 558 3112 4721 871 37 0292
Vocationa
I High
Schools
Public

5 High 0.003 | 0.002 | 0.93528 | 0.00292 | 0.005 | 0.002 | 0.99999 | 0.00295
igher

g ) 079 738 9839 7643 863 956 9976 6368
Education
Private

60 High 0.004 | 0.004 | 1.20972 | 0.00352 | 0.003 | 0.002 | 0.99999 | 0.00242
igher

g . 315 264 1972 2258 93 422 9964 2069
Education

o1 Adult 0.001 | 0.000 | 0.75530 | 0.00105 | 0.001 | 0.001 | 0.78296 | 0.00117

Education 161 815 9195 7805 383 203 4508 0764
Human
Health

0.013 | 0.012 | 0.84559 | 0.01429 | 0.024 | 0.013 | 0.97476 | 0.01357
62 and Social

626 108 1547 5481 647 604 72 965
Welfare
Activities
Arts,

0.006 | 0.006 | 1.25583 | 0.00501 | 0.007 | 0.002 | 0.93851 | 0.00288
63 Entertain

469 344 4845 2846 643 913 2261 8534
ment
Religious
Organizati

6 ons and 0.001 | 0.000 | 0.66078 | 0.00096 | 0.001 | 0.000 | 0.61934 | 0.00065

Member 446 653 0284 748 432 678 616 9839
Organizati

ons
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Other
Personal 0.002 | 0.002 | 1.12531 | 0.00237 | 0.004 | 0.001 | 0.97594 | 0.00166
® Service 871 788 2149 3077 569 684 6756 5714
Activities

* Negative numbers are due to negative inventory in these sectors.

As can be seen from Tabel 2, the sector "Electricity generation,
transmission and distribution™ has the highest amount of DlI; elasticity
and the highest amount of emission share in 2001 and 2011 and the
highest amount of TI; elasticity in 2001. This is due to the high share
of CO2 emissions and the share of final demand in the total output of
this sector. The highest amount of Tl; elasticity in 2011 is allocated to
the sector "Coke production, products of oil refining" and "Other
buildings". This is due to the high share of final demand in the total
output of these sectors and the inefficiency of production structure.

4-2- Decomposition of TI; and DI; elasticities of Iran's production
sectors in 2001-2011

In this section, Tlj changes are decomposed using Equation (11) and
Dl; elasticity changes are decomposed using Equation (12).

Tabel 3. Decomposition of Tlj and Dl; elasticities of Iran's production sectors
Source: Research calculations

Sector dTl dDlI
code
, Y Y, s Y, .
h(ZBIAg“) A( X, )Zﬁigij X, (ZgujABi) Bi (Z X, Agi) ﬁl(;gle(Z)) ABI Zﬁgij
X; 5 i Xj
1 0.015383883 -0.000164676 -0.00701235 0.011591229 4.16082E-05 -0.00842659
2 0.011607778 -0.004229631 -0.00335288 0.016118988 -0.001254246 -0.00692731
3 0.001538102 8.81448E-05 -0.00016555 0.000249123 5.49495E-05 -0.00011044
4 0.005727596 -0.03338007 0.033625919 0.026405223 -0.017966919 0.038405323
5 6.09641E-05 0.00210718 7.04705E-06 0.005203221 0.00044593 0.000606322
6 0.057106705 0.005927472 -0.01563714 0.011415015 0.002853563 -0.01235787
7 0.000318905 2.30284E-05 -8.8732E-05 1.797E-05 1.6474E-05 -6.4221E-05
8 0.004980494 -0.00073355 -0.00072021 0.001962908 -0.000178467 0.000282026
9 0.003781825 0.001285754 0.001595054 0.000581417 0.000339866 0.002166008
10 0.001646922 0.000621232 0.001096198 0.000260589 0.000152186 0.001476252
11 0.000245834 0.000836906 -7.9532E-05 0.001819257 0.000103816 0.001500749
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12 0.000566982 0.000446527 9.2526E-05 0.003685177 -0.000135409 0.000834551
13 0.034241159 0.005860513 -0.00494934 0.014244989 0.003384758 -0.02350674
14 0.01842944 0.006568078 -0.01115635 0.031408149 0.003950146 -0.03219033
15 0.003056091 -0.001914849 -0.00029214 0.00629099 -0.000897345 0.001169596
16 0.004800556 0.002907077 0.000643642 0.006417979 0.000818459 0.001567585
17 0.005364646 -0.001813238 0.000843083 0.028561157 -0.002587183 0.005769977
18 0.022550714 0.005416081 0.002517987 0.011203998 -0.000544726 0.001430213
19 0.014080297 -0.007827754 0.000193235 0.008381448 -0.003377421 -0.00041302
20 0.008059784 -0.002979922 -0.00065206 0.016720827 -0.004882339 -0.00264504
21 0.066196235 -0.028943229 0.001918374 0.022542625 -0.013890518 -0.00031358
22 0.005094059 -0.001050771 0.001335619 0.000574822 -0.000385699 0.000772115
23 0.001752794 -0.000192495 -0.00018842 0.001835261 -0.000228389 -0.00029099
24 0.010834215 0.006337262 0.007850753 0.245067126 -0.02151473 0.032770944
25 0.000268031 0.016114624 0.0006744 0.008106734 0.00963448 0.008821765
26 0.002511585 -0.000900043 0.000243404 0.00157467 -0.000362529 -1.6271E-05
27 0.041406405 -0.002654655 0.0007223 0.00177474 -0.000519785 -0.00168648
28 0.058502186 0.004266423 0.004159377 0.002760769 0.001118061 0.000429475
29 0.050786308 -0.019158761 0.002488479 0.022999921 -0.009676295 -0.0033772
30 0.004943753 -0.005364398 0.000620073 0.00180311 -0.001894977 0.000550316
31 0.001624431 -0.001941413 -0.00025145 0.001071111 -0.001057447 -0.00028328
32 0.007329967 0.002236361 -0.00133063 0.015913002 0.000520782 -0.00311343
33 0.000719872 -0.00140755 0.000417587 0.000269792 -8.25408E-05 0.000599505
34 0.002049795 -7.52987E-06 -0.00038467 0.001717198 -0.00012296 -0.00104752
35 0.000770286 -0.002108559 0.001551413 0.002454895 -0.000621638 0.003881366
36 0.000865608 -0.000444997 2.59129E-05 0.002958093 -0.000702573 -0.00019219
37 0.023748802 -0.020735508 -0.00139575 0.008482754 -0.011518433 -0.0017848
38 0.000398934 0.001418415 0.000967867 0.001085957 0.000234911 0.00365771
39 0.006595622 0.002357582 0.000205446 0.000949742 0.000843304 0.000771982
40 0.000868271 -0.000637383 -0.00048786 0.000977099 -0.000666356 -0.00072381
41 0.003317586 -0.001159442 5.57378E-05 0.006507368 -0.00115295 -0.0002466
42 3.47073E-05 -5.41809E-05 -1.5414E-05 0.003275222 -0.000252066 -0.00029073
43 0.000475179 -0.000697716 -5.3411E-05 0.001402647 -0.000652984 -0.00010149
44 1.14593E-05 0.019837466 -0.00024868 0 0.018084976 -0.0009433
45 0.000241736 0.009250268 -9.708E-05 3.45819E-05 0.008564196 -0.00039247
46 7.90369E-06 -2.01429E-05 4.0241E-06 0.005398163 -0.000756322 0.002402623
47 0.000685129 -0.000245507 -0.00059658 0.00105464 -0.000248501 -0.00096926
48 0.00145965 -0.001171722 -0.00023453 0.000527441 -0.000732679 -0.00021325
49 0.002408534 -0.00053939 -0.00040511 0.003897353 -0.00066317 -0.00157409
50 0.000242179 -0.000229044 -4.3581E-05 7.22308E-05 -0.000125683 -7.33E-06
51 0.015576766 -0.007777818 0.003417677 0.001600404 -0.003096903 0.001856967
52 0.015500231 -0.006488506 -0.00042845 4.09859E-05 -0.002839923 -8.7353E-05
53 0.000895092 0.001714047 -7.5876E-05 0.000252582 0.001011705 -0.00011383
54 0.002916431 -0.002150989 0.000369629 0 -0.000590117 6.82057E-05
55 0.001217944 -0.000733118 -0.00013518 0 -0.000565032 -0.00015248
56 0.00033704 -0.000214022 -4.8293E-05 0 -9.80357E-05 -3.0464E-05
57 0.004351307 -0.000420334 0.000200529 0 -0.00021832 -0.00019924
58 0.000625138 -0.000329195 -4.3473E-05 0 -0.000152929 -3.4428E-05
59 0.002350312 0.000379369 5.39759E-05 9.13744E-11 0.000189448 2.87252E-05
60 0.001777497 -0.000824277 -0.00133806 -2.75225E-06 -0.000738695 -0.00110019
61 9.91609E-05 4.88399E-05 7.35799E-05 0.000271499 4.63064E-07 0.000116049
62 0.008533433 0.003266233 -0.00077841 0.000353336 0.001860605 -0.00071713
63 0.006241388 -0.00258431 -0.00248241 0.000356245 -0.001644729 -0.00214236




A",‘ Somayeh Azami, Zahra Mohammadi

i ) 149
Shahid Chamran University of Ahvaz Quarterly Journal of Quantitative Economics(JQE) (2022) 19(1)
Quarterly Journa Jantitative Economics
(forn pmic Studies)
64 0.000247439 -9.57975E-05 -0.00016586 0.000433929 -9.2504E-05 -0.00031627
65 0.003039617 -0.000699217 -0.00064269 -1.79222E-05 -0.000370015 -0.00071531

As can be seen from Tabel 3, the highest amount of incremental
changes in Tlj and DlIi elasticity in the period 2001-2011 are related
to the "Electricity generation, transmission and distribution” and
"Other Buildings" sectors, respectively. In the period 2001-2011, out
of 65 production sectors, 42 sectors have experienced an increase in
Tl; elasticity and DI; elasticity, 13 sectors an increase in Tl; elasticity
and a decrease in Dl elasticity, 5 sections a decrease in Tl; elasticity
and an increase in DI elasticity, and 5 sectors a decrease in TI;
elasticity and a decrease in Dl; elasticity.

5- Discussion

In the previous section, the elasticities and their changes for each
sector were calculated. Based on the elasticity decomposition, the
demand elasticity is affected by the three effects of "changing the
Ghosh inverse matrix", "changing sectoral final demand share™ and
"changing the share of CO> emission of sectors”, and the output
elasticity is influenced by the three effects of "changing the Ghosh
inverse matrix”, "changing final demand share of sectors” and
"changing sectoral share of CO2 emissions™. In the following, the
sectors should be divided to 4 groups according to the changes of DI;
and TIl;. The aim is to investigate what factor in the production sectors
of Iran is the determining factor in explaining the changes in CO>
emission elasticity. In this regard, according to Tabel 4 industries are
divided into two groups once based on changes in Tl; (dTl;): dTI;> 0
and dTl; <0, and also once based on changes in DI; (dDl;) into two
groups: dDIi> 0 and dDI; <0.
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Tabel 4. A summary of the situation of production sectors in terms of the components of
elasticity decomposition
Source: Research calculations

The components of Tl; elasticity decomposition

Grou Number of changing the
P industries in each | changing the changing gind
. . share of CO»
group Ghosh inverse | sectoral final emission of
matrix demand share
sectors
In 54 In24 In 28
industries, it industries, it industries, it
has increased has increased has increased
TIj. TIj. TIj.
In 46 . . . .
dTI;>0 55 industries. it In 7 industries, | In 2 industries,
' it has the it has the
has the
greatest greatest
greatest . .
. impact on impact on
impact on
growth. growth
Tl growth.
! 108% -11.4% 2.6%
It has not . In 1_0 . In 8 industries,
.. industries, it .
reduced Tlj in it has reduced
; has reduced .
any industry. Tlj TIj.
) In no industry, | In 7 industries, | In 3 industries,
dTl;<0 10 has the it has the it has the
greatest effect greatest greatest
on reducing impact on impact on
TIj. reduction. reduction.
-333% 307% 126%
The components of Dl; elasticity decomposition
Number of chanain
Group industries in each | changing the | changing final 9ing
. sectoral share
group Ghosh inverse | demand share
. of CO2
matrix of sectors L
emissions
In 46 In 20 In 24
industries, it industries, it industries, it
has increased has increased has increased
Dli. Dli. Dli.
dDli | dDIi>0 4 In 33 In 6 industries, | In 8 industries,
industries, it it has the it has the
has the greatest greatest
greatest impact on impact on
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impact on growth growth
growth.
100% -6.8% 6.8%
In 2 industries, ind In 1.6 . ind In 1.7 .
it has reduced industries, it industries, it
Dli has reduced has reduced
) Dli. Dli
: . In 10 . .
dDlI; <0 18 In no industry, industries, it In 8 industries,
it has the has the it has the
greatest effect greatest effect
on reducing greatest effect on reducing
- on reducing -
Dli. - Dli.
Dli.
-120% 79% 141%

55 industries from 65 industries, 85% of industries, are placed in the
group dTI;>0. In general, in this group, the effect of “changing the
Ghosh inverse matrix", "changing sectoral final demand share™ and
"changing the share of CO2 emission of sectors” with a share of
108%, -11.4% and 2.6%, respectively have played a role in increasing
Tl; elasticity. 10 of the 65 industries, 15% of the industries, are placed
in the group dT1;<0. In general, in this group, the effect of "changing
the Ghosh inverse matrix", "changing sectoral final demand share"
and "changing the share of CO emission of sectors™ with a share of -
333%, 307% and 126%, respectively, have played a role in reducing
TI;.

47 out of 65 industries, 72% of the industries are placed in the
group dDlI; >0. In general, in this group, the effect of "changing the
Ghosh inverse matrix”, “"changing final demand share of sectors" and
"changing sectoral share of CO, emissions™ with a share of 100%, -
6.8% and 6.8%, respectively have played a role in increasing Dl;
elasticity. 18 out of 65 industries, 28% of the industries are in the
group dDI; <0. In general, in this group, the effect of "changing the
Ghosh inverse matrix", "changing final demand share of sectors™ and
"changing sectoral share of CO, emissions” with a share of -120%,

78% and 140%, respectively played a role in reducing Dl; elasticity.
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5-1- Analyzing the role of "the Ghosh inverse matrix™ in elasticity

changes: an inhibitory factor or a stimulus factor
"The Ghosh inverse matrix" is one of the factors of decomposition of
the elasticity of CO. emissions. Tl; elasticity is the effect of a 1%
change in the final demand of sector j on the CO, emissions of the
whole economy. As a result of a 1% change in the final demand of
sector j, sector j changes its purchases from other sections to meet the
final demand, so the effect of "the Ghosh inverse matrix" on the TI;
elasticity decomposition indicates a change in the share of sales of
sectors (as intermediate input) to sector j (change in the purchase
share of sector j from the production of other sectors). DlI; elasticity is
the effect of a one percent change in the final demand of all sectors on
the CO> emissions of sector i. As a result of a 1% change in the final
demand of all sectors, all sectors change their purchases from sector i,
so the effect of "the Ghosh inverse matrix" on DI; elasticity indicates
a change in the output share of sector i as an intermediate input to
other sectors (change the share of purchasing parts from sector i). As
can be seen from Tabel 4, "the Ghosh inverse matrix" effect increased
TI; elasticity in all sectors of the group dTI;> 0 except for sector 10
and decreased TIj elasticity in all sectors of the group dTIj<0 . This
effect in the group dDIi> 0 in 46 of the 47 sectors helped to increase
the DI; elasticity and in the group dDIi<0 in 16 of the 18 sectors
helped to increase the DI; elasticity. Thus, as shown in Tabel 4 and
Figure 1, "the Ghosh inverse matrix™ in sectors that have experienced
an increase in Tlj and DlI; as well as in sectors that have experienced
decrease in in Tl; and DI; is a strong stimulus to increase in Tl; and
Dl.

But what do these results mean? The strong stimulus of the "the
Ghosh inverse matrix" effect on Tl; elasticity indicates a change in the
share of output of sectors that are sold to sector j as an intermediate
input (increasing the purchase share of sector j from the output of
other sectors). The strong stimulus of "the Ghosh inverse matrix"
effect on DI; elasticity indicates a change in the share of output of
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sector i, which sells as an intermediate input to all sectors (increasing
the share of purchases of other sectors from sector i).

The group dTI,>0
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Figure 1. The contribution of "the Ghosh inverse matrix" in the decomposition of elasticity
in the production sectors of Iran in the period 2001-2011
Source: Research calculations

5-2- Analyzing the role of "'final demand share™ in elasticity changes:
an inhibitory factor or a stimulus factor

The share of final demand in the output is one of the factors that
break down the elasticity of CO, emissions. As can be seen from
Tabel 4, "the sectoral final demand share" factor reduced Tl; in 31 of
the 55 sectors of the group dTl; > 0 and in all sectors of the group dTl;
<0. The reason for this result is that the share of final demand in the
output of these 31 sectors has decreased from 55 sectors of the group
dTI;> 0 and all sectors of the group dTl; <0 in the period 2001-2011.
"The share of final demand of sectors” has helped to reduce the Dl;
elasticity in 27 of the 47 sectors of the group dDIi> 0 and in 16 of the
18 sectors of the group dDI; <0. Therefore, "Changing the share of
final demand in output" effect has helped to reduce the Tljin 41 of the
65 sectors (63% of the industries) and reduce the DI; in 43 of the 65
sectors (66% of the industries).

Figure 2 shows the share of final demand in the output in the
decomposition of elasticity of Iran's production sectors in the period
2001-2011.
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Figure 2. The share of final demand in the output in the decomposition of elasticity of Iran's
production sectors in the period 2001-2011
Source: Research calculations

5-3- Analyzing the role of ""CO; emission share™ in elasticity changes:
an inhibitory factor or a stimulus factor

CO2 emission share is one of the factors in the decomposition of CO>
emission elasticity. As can be seen from Tabel 4, "the share of CO;
emission of sectors” factor increased Tl in 28 of 55 sectors of the
group dTI1;> 0 and decreased the TI; in 8 of the 10 sectors of the group
dTlj<0. The effect of "sectoral share of CO. emissions™ increased in
24 of the 47 sectors of the group dDIi> 0 and decreased the Dl; in 17
of the 18 sectors of the group dDIi<0. The reason for this result is that
the share of CO2 emission of these 24 out of 47 sectors in the group
dDIi> 0 and 17 out of 18 sectors in the group dDIi<0 increased and
decreased in the period 2001-2011, respectively. Therefore, as shown
in Tabel 4 and Figure 3, the CO2 emission share has been able to
increase Tlj and DI elasticity in the groups dT1;> 0 and dDIi> 0 and in
the groups dTI1j<0 and dDIi<0 act as an inhibitory factor to increase
the TI; and Dl; elasticity. Therefore, "Changing CO2 emission share"
effect has helped to reduce the TIjin 35 of the 65 sectors (54% of the
industries) and reduce the DI in 40 of the 65 sectors (61.5% of the
industries). This result is mainly due to the declining share of CO-
emission of sectors that have experienced a decline in Dl;.
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Figure 3 shows the share of CO2 emissions in the decomposition

of elastic

ity of Iran's production sectors in the period 2001-2011.
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Figure 3. The share of CO2 emissions in the decomposition of elasticity of Iran's production
sectors in the period 2001-2011
Source: Research calculations

6- Conclusions and policy recommendations

In 2019, Iran ranks sixth in the world and fifth in Asia in terms of
CO- emissions. The purpose of this article is to investigate the factors
affecting the CO> emission demand elasticity and CO> emission
output elasticity, and we seek to answer the question of what factors
are able to explain the changes in these elasticities. What are the
factors that stimulate and inhibit the elasticity of CO2 emissions in
Iran? We try to answer this question by decomposition of the CO2
emission elasticities.

We have calculated these two elasticities for all production
sectors of Iran (65 sectors) in 2001 and 2011 and also based on the
decomposition analysis and with the aim of identifying the drivers of
CO2 emission elasticities determined and calculated the components
of changes in CO. emission elasticities. Based on the formula

E' = B'(I—B)'lg introduced by Guo et al. (2018), two types of CO;

emission elasticities can be introduced for each sector; Final demand
elasticity of CO. emissions (Tl;) and developmental elasticity of CO-
emissions (Dli). Tl; elasticity is the effect of one percent change in the
final demand of sector j on CO2 emissions of the whole economy and
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Dl elasticity is the effect of one percent change in the final demand
of all sectors on CO: emissions of sector i. Based on the
decomposition approach, CO2 emission demand elasticity changes are
decomposed to three effects: "changing the Ghosh inverse matrix",
"changing the share of final demand in the total output of sector" and
"changing the share of CO, emission of sectors”, and CO> emission
output elasticity changes are decomposed to three effects: "changing
the Ghosh inverse matrix", "changing the share of final demand in the
total output of sectors” and "changing the share of CO, emission of
sector".

Due to the lack of access to CO2 emission data of production
sectors in Iranian information and data sources, we have calculated
the CO2 emissions of production sectors through the energy
consumption of sectors. The results indicate that the sector
"Electricity generation, transmission and distribution” in 2001 and
2011 had the highest amount of DlI; elasticity and the highest amount
of CO2 emission share and the highest amount of TI; elasticity in
2001. The highest amount of TI; elasticity in 2011 is allocated to
"Coke production, products of oil refining" sector and "Other
buildings™ sector.

The highest amount of incremental changes in Tl and DI,
elasticities in the period 2001-2011 are related to the "Electricity
generation, transmission and distribution” and "Other Buildings"
sectors, respectively. These two types of elasticities have increased in
this time interval for 47 out of 65 industries. Now, the important
question is why these elasticities have increased and what is the most
important stimulus in this increase? "Changing the share of final
demand in output” effect has helped to reduce the Tl;in 41 of the 65
sectors (63% of the industries) and reduce the DI in 43 of the 65
sectors (66% of the industries). "Changing CO> emission share" effect
has helped to reduce the TI; in 40 of the 65 sectors (61.5% of the
industries) and reduce the DI in 35 of the 65 sectors (54% of the
industries).
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The results indicate that the most important stimulus to increase
Tl; elasticity and Dl elasticity is the effect of the "changing the Ghosh
inverse matrix". In other words, the increase in the share of output of
sector i, which is sold as an intermediate input to industry j, is a
strong driver of CO2 emission elasticity in Iran in the period 2001-
2011. These changes can be due to increased economic activities and
the inefficiency of production structure.

"Electricity generation, transmission and distribution” sector
should be considered by energy and environmental policy makers due
to having the highest amount and changes in CO2 emission elasticity
than other sectors. Increasing the share of renewable energy in the
energy consumption basket of production sectors, increasing energy
efficiency (reducing energy intensity) by replacing new and advanced
equipment with old and worn equipment and improving production
structure can help reduce the CO; elasticity and CO> emission in
Iran's production sectors. The results of this study are significant for
energy and environmental policymakers.

Finally, due to the high of CO> emission elasticities in the
"Electricity generation, transmission and distribution™ sector, future
research can focus on this area and suggest solutions to increase
production efficiency and energy efficiency. Also, future research can
focus on the production structure of production sectors and provide
solutions to improve the production structure of Iran's production
sectors.
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