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Abstract

The role of oil shocks as factors in economic growth of a country is
important. With little reflection on the Iran economic structure and other major
oil exporter countries that have a strong bond to the proceeds of oil sales <this
is a strong suspicion that the origin of the oil shock is caused by economic
shocks. Purpose of this article is determining and solving of Iran cycles and
effect of oil price fluctuation on these cycles using Markov switching model. In
line with the main objective of research, extracting of oil price shocks by using
Markov switching model and estimation long run relation by using the pattern
accumulation Johansen Juselius estimated by using of quarterly data 1988(1) -
2008(2). The results suggest that hypothesis of symmetry of positive and
negative oil shocks on production have been rejected. So we can infer that the
effects of negative and positive shocks on production are different.
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Introduction

Oil price shocks due to their significant impact on macroeconomic variables have
attracted many economists (Brown & Yucel, 2002). Oil price shocks led to a reversible
decrease in investment, reduce the role of technological shocks in business cycle models
and changes in the natural rate of unemployment. Theoretically, there are many reasons
whereby oil shocks affect macroeconomic variables (Hamilton, 2003).

More generally, the oil price shock can be considered energy price shock. Since
1973, the productivity growth rate was decreased in major oil-consuming economies.
This caused oil and energy prices are used as major inputs in total production function.
Hence, elasticity of actual product compared to energy and oil prices is an important
and interesting issue in energy economics. With a little reflection on the structure of our
economy and other major oil exporting countries that are highly dependent on income
from oil sales, it is strongly suspected that the origin of many shocks to the economy is
caused by the oil shock. In fact, relations and economic characteristics of such countries
have been shaped in such a way that any oil shock whether price shock or income shock
in addition to its direct effects on GDP growth, as well as it has indirectly undergone a
transformation the monetary base, the trade balance and the balance of the state budget
by which it will be followed by a series of monetary and real trends and consequences
for the economy (Sadorsky, 1999).

There are several studies in which different theoretical discussions are presented for
the inverse relationship between oil price changes and the level of economic activities.
After 1973 when the first oil shock occurred, experimental studies to achieve the
relationship between business cycles and fluctuations in oil prices have been risen
dramatically. (Darby & Hamilton, 1983) are the first researchers who have estimated the
effects of increase in oil prices on real income of U.S. economy. (Hamilton, 1983)
found that the oil price shock has been one of important factors of all U.S. recessions
from 1949 to 1972. According to (Wijnbergen, 1984) rising oil prices would increase
disposable incomes and demand for both commercial and non-commercial goods.
(Mork, 1989) stated that positive changes in oil prices had a strong and significant
negative relationship between changes in real GNP and negative changes in oil price
had no significant effect. Using system dynamics model, (Mashayekhi, 2001)
demonstrated that rising oil price would increase oil-dependent structure in the oil
exporting countries. According to (Cunado, et al, 2003), the effect of oil price on
inflation and industrial production is a non-linear model and oil price has a permanent
effect on inflation and GDP growth (Hamilton, 2003) investigated the nonlinear effects
of oil price on GDP growth in U.S and demonstrated that increase in oil price had a
negative impact on production and employment. (Diong Zhang, 2008) has claimed that
the relationship between oil price shocks and economic growth in Japan's
macroeconomic activities is nonlinear and these effects are asymmetric. According to
(Farzanegan & Markwardt,2009) positive shocks to oil price increase the real effective
exchange rate, reduce the prices of imported goods and increase the exported goods
prices. Based on Hamilton’s regime switching model (1989), (Mark & Ping Wang,
2003) have estimated the effect of oil price shocks on GDP growth in the UK. The
results have indicated that asymmetries are increased insofar as higher oil price tends to
reduce the length of the boom phase of the business cycle. Using two-regime Markov
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switching model, (Raymond & Rich, 1997) estimated the relationship between oil price
shocks and the business cycle. Their results showed that oil prices did not determine the
economic regimes. According to Markov-Hamilton autoregressive model, (Clements &
Krolzig, 2000) modeled asymmetries and tested based on (Clements & Krolzig, 2002).
The results indicated that U.S. post-war economic growth was explained by the
development precipice.

(Cologni & Manera, 2009) studied the dynamic relationships between oil market
conditions and business cycles for G7 economies. Using Hamilton’s regime switching
model, they estimated business cycles in real GDP series. Results showed that positive
changes in oil prices, the net increase of oil prices and oil price volatility as oil shock
variables provided more accurate identification of changes in the economic phases.

The remainder of this article is as follows: in section 2, the econometric methodology
along with Markov switching model and a variety of these models are described. The
data used in the study is expressed in Section 3. Section 4 examines the results and
estimates Markov model and the long-run relationship between oil shocks and
production. Finally, the study ends with conclusions and suggestions.

Econometric methodology
Markov switching approach

In Markov switching model, regime conversion depends on an unobservable
variable. (Hamilton, 1989) first used Markov switching models in economics. Using
Markov Switching Auto Regressive (MS-AR) model, he studied the business cycles of
the U.S. economy and demonstrated that results were consistent with recession and
prosperity offered by National Bureau of Economic Research (NBER) for the U.S.
economy. In Hamilton’s model, recession and prosperity are explained in terms of
regime transition process that is caused by the growth rate of GDP. The average
production growth rate of prosperity regime is positive and in recession regime is
negative .In Hamilton’s model, assuming that the growth rate of real production is
MSM (2)-AR (4) is as follows Formula (1):

AY, — u(S,) = 4 (AY gy — 14(S 1)) + o+ 2 (AY gy — 1(S_4y)) + U,
u — NlD(O,GZ) (1)

>0 if S =1
#(S,)= . _
, <0 if S, =2
The average growth rate of real production is dependent on the regime type and in
the first regime (recession) is x4 <0 and in second regime (prosperity) is &, > 0. In this

model, the probability of transition from one regime to another regime should be
calculated along with other parameters which are obtained according to Formula (2):
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Pi =P (Se..=1[S, =1);DP; =1Vi,j €(1,2)
j=1

Where B, is the probability of transition from recession to prosperity and P,;is the
probability of transition from prosperity to recession, P, is the probability of recession
regime stability, and P,, is the probability of prosperity regime stability.

Markov switching models

Given which part of autoregressive model is depended on the regime and transfers
affected by it, Markov switching models can be classified into different types. What is
considered by the most economic studies includes four modes of Markov switching
models in mean (MSM), intercept (MSI), autoregressive (MSA) parameters, and
heteroscedasticity (MSH). Considering the fact that according to economic theories and
empirical observations, some economic variables have non-linear behaviors and using
these models such non-linear variables can be modeled (lvanova, et al, 2000).

Markov switching models with mean
e MSM-AR
The mean is changing and is according to Formula (3).

(3)

Ay, = /Ll(St ) + Zai (Ayt—i - #(St*i )) +t &

It is assumed that the residual errors are independent and have the same distribution.
€ ~ HD(O,GZ) . is defined as process mean in different regimes (S, ) «
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¢ MSMH-AR

The mean and variances are changing and is according to Formula (4).

Ay = 41(S) + DBy, — p(S ) + 4

g ~ HD(O,02 (St))

e MSMA-AR

The estimated coefficients of the variables are changing and is as follows Formula
(5):
P ()
Ay, = :u(St)+Zai (S0) Ay, +eé,
i=1

€ ~ HD(O,GZ)

e MSMAH

Parameters and variance coefficients are also changing during regimes and is as
follows Formula (6):

p (6)

g ~ IID<0,02 (St))

Markov switching models with intercept
If the base is placed on changes in the intercept, then other models can be also estimated

which are called MSI models and each of different modes can be considered for it.
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e MSI-AR

The most common type of model is according to Formula (7).

p
Ay, =C (St ) + ZaiAyt—i + &
™
g ~ HD(O,GZ)
¢ MSIH-AR-2

p
Ay, =C(S,)+ D iy, +¢
i1 (8)

g ~1ID(0,6° (S,))

e MSIA-AR-3
p 9)
g ~1ID(0,0%)
e MSIA-AR-4

Ay, =C (St ) + Zp:ai (St ) AY, ; + & (10)

g ~1ID(0,6° (S,))
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Research data

The study data indicates GDP based on 1997 as a base year which has been extracted
seasonally from the Central Bank of the Islamic Republic of Iran. WOP is real average
global oil price in terms of Rials which is seasonally adjusted with Iranian PPI and it is
used as a representative for Iranian oil price.

In this study, consistent with investigating the effects of positive and negative oil
price shocks on GDP, oil price shocks should be extracted using the Markov switching
method and then the effect of oil price shocks on GDP is studied using Johansen
Juselius cointegration.

Results
Evaluation of stationary state of variables

In cases that variables used in a regression aren’t from a same stationary order, the
result is known as spurious regression. In order to prevent from such a regression, the
series need to be evaluated in terms of stationary state. Therefore, Dickey-Fuller and
Phillips tests are used. As shown in table 1, all statistics indicate that the existing series
are stationary from order one (I (1)).

Table 1 The stationary results of variables

Series Series in logarithms | Series in first differences
ADF PP ADF PP

LWOP -2.63 -2.67 -8.55 -8.56

LGDP -2.24 -2.56 -4.86 -18.26

Extraction of oil price shocks using a Markov switching model

Given that data used in this study are seasonally, Formula (11) is used to calculate
the growth rate which calculates it annually (Kirchgassner & Wolters, 2007).

GWOP = (log (WOP)—log (WOP (-4)))*100 (11)

The oil price growth rate is calculated using this method and then positive and
negative oil price shocks are estimated and the optimal degree is selected. By the
selected degree, a variety of models with intercept and mean are estimated for two-
regime and three-regime states and then the nonlinear relationship tests, the normality of
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errors obtained from estimation which is used for modeling, and the optimal model are
determined (Krolzig, 1997).

e Model’s optimal lag

To determine optimal lag, using OLS method, Formula (12) is estimated for a
maximum of 12 lags and then the optimal lag is selected using the selection criteria of
Akaike-Schwartz optimal model.

Gwop = a, + iBiGwop(—i) (12)

According to table 2, Akaike, Henan Quinn and Schwartz statistics suggest the fifth
lag as an optimal lag.

e Markov switching model selection for extracting oil price shocks

Since Markov-switching models are produced by switching autoregressive model in
mean, intercept, and autoregressive coefficients, for selecting optimal model, Akaike
value should be minimum and the null hypothesis (Ho) of no regime switching in the
model can be rejected. Given the test statistic values as well as of error normality
hypotheses, comparing three-regime models are yielded better results than the two-
regime models. The results of Ho testing and Akaike criterion at three-regime state are
summarized in table 3. Results indicated that MSIAH (3)-AR (5) model is selected as an
optimal model which the normality hypothesis is confirmed and has a larger maximum
likelihood.

Using this model, the growth rate of oil price is divided into three regimes with high
low and medium growth rates. The results of MSIAH (3)-AR (5) model to extract the
oil price shocks suggest that the study period of the growth rate of oil price can be
separated into three regimes, however, since this study merely has examined the
positive and negative shocks, two regimes with high and medium growths are
considered as positive shocks and negative growth regime is considered as a negative
shock which the results are summarized in table 4.

Effects of oil price shocks on production

After extracting positive and negative shocks using a Markov switching method,
equation (13) is used for examining the effects of positive and negative shocks of oil
price as well the asymmetric assumption of the effects of these shocks on production
level.

LGDP, = a, +a,DfLGwop, +0,DLGwop, +&, (13)

LGDP, represents GDP logarithm based on the 1997 base year. LWOp; is Iranian

real average price of oil logarithm. DR is a dummy variable which is 1 in seasons that
positive oil shock (positive regime) has been occurred and for the other seasons is O.
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D is a dummy variable which is 1 in seasons that negative oil shock (negative regime)
has been occurred and for the other seasons is 0. Extracting long-run relationship
between variables using Johansen and Juselius method and investigating the asymmetry
of positive and negative shocks are presented in the remainder of this study.

e optimal order selection of VAR

Akaike and Schwartz criteria are used to determine the optimal order of VAR model.
The results of optimal order of VAR are provided in table 6. Schwartz and Akaike
statistics select the minimum and maximum optimal lag, respectively. In this study,
considering the sample size as well as examining the results and comparing both
criteria, VAR optimal order is selected according to Akaike statistic i.e. 8.

e extracting long-term relationship using Johansen-Juselius method

There are five different models in Johansen Juselius method, these models are
estimated from the most bound mode (mode 1) to the most unbound mode (mode 5) and
a model is selected which shows the lowest vector. Some researchers believed that the
model type selection should be performed congruent with economic theories. It is

noteworthy that if A, and A, show different vectors in a model, the lowest

vector will be selected and in practice, since the first and fifth modes are less likely,
these two models can be disregarded and other three models can be examined. Based on
Aoax  @Nd A, Statistics, in the number of cointegration vectors five models are

presented in table 6.

trace

The results of this table indicate that the optimal model is model 2 which A

trace

statistics for model 2 are provided in table 7. A, test confirms the existence of a

cointegration vector and this cointegration vector that is extracted from this method is
normalized compared to LGDP variable and it is presented in table 8. Given the
cointegration vector of the Johansen Juselius method, production elasticity towards
negative shocks of oil price is 1.08, which is statistically significant in 99% confidence
level. Unlike negative effects of oil shocks, production elasticity towards positive oil
shocks is 0.3, which is not statistically significant. Comparing the coefficients of
positive and negative shocks shows that the difference between the effects of these
shocks on production is about 0.78 which implies that the symmetry of positive and
negative oil shocks on production hypothesis is rejected and therefore, it can be inferred
that the effects of positive and negative shocks on production are different or
asymmetric.

Conclusion

In the oil industry history, oil price shocks have provided an incentive for analysts
and economists to proceed to investigate and examine theoretically and practically. Iran
is the world's fourth largest exporter of the oil and Iran's economy is heavily influenced
by fluctuations in oil prices. Hence, in this study, using Markov switching model
positive and negative shocks were extracted and then effect of these shocks on
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production was examined based on Johansen-Juselius cointegration model. Results
indicated that the difference between the effects of these shocks on production was
about 0.78 which implied that the symmetry of positive and negative oil shocks on
production hypothesis was rejected and therefore, it could be concluded that the effects
of positive and negative shocks on production were different or asymmetric. The oil
price is a factor affecting economic growth and both sides of VAR models should be
endogenous variables. Therefore, by combining the Markov switching model with VAR
models and creating MS-VAR model, the effect of oil price fluctuations on production
could be examined. The effect of oil price fluctuations according to different economic
sectors including agriculture, industries and mines, service as well as applying monetary
and price variables such as exchange rates, inflation rates, interest rates and consumer
price index in the model to better illustrate the volatility of the oil price on the economy
could be offered as future suggestions.

Table 2. The results of Akaike, Henan Quinn and Schwarz statistics to determine the
optimal lag (12)

LAG 1 2 3 4 5 6 7 8 9 10 11 12
AIC | 83 805|807 799 | 794 | 797 | 796 | 7.98|7.92|7.95|7.987 | 8.00
SC |8.37|8.15|8.21|8.156|8.148 | 8.21 | 8.23 | 8.28|8.26|8.32 | 8.38 | 8.43
HAC | 8.3318.09|8.12| 8.05 | 8.028 | 8.07 |8.072| 8.1 | 806 | 8.1 | 8.14 | 8.17
Table 3. The summarized results of the model selection
MSM MSMH MSMA MSMAH MSI MSIH MSIA MSIAH
My = 1y By =1y = H, Lol o By =1y By =1y
_ = o=l =1z = =
uo = ”1 “’0 H’l l"’z l'l'Z A =A.. IO — 11 uz Mz
HO — ol u _ 02 = 02 AOi = All
ke’ ot =02=0%| An=Ay = Ay =Lk o Agi = Aqgj = A,
_ f— 02 _ 21
= Ay s o = Ay
Gp = 01 = 62 62 = o2
[svr:; i] 3.229[0.357] | 17.118[0.071] | 46.688[0.00] | 20.584[0.422] | 9.83[0.277] | 46.761[0.00] | 49.659[0.00] | 66.308[0.00]
AIC 8.594 8.414 8.228 8.64 8.459 8.008 8.187 8.014
. Io_g- -298.686 -290.127 -275.342 -288.394 -293.771 -275.306 -273.657 -265.532
likelihood
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Table 4. Two positive and negative regimes of oil shocks according to seasons

Positive regime

Negative Regime

1990(2) - 1990(4)
1992(1) - 1992(1)
1992(4) - 1992(4)
1994(1) - 1994(4)
1995(3) - 1996(3)
1998(4) - 1999(4)
2001(4) - 2002(4)
2003(2) - 2006(1)
2007(1) — 2008(1)

1991(1) - 1991(3)
1992(2) - 1992(3)
1993(1) - 1993(4)
1995(1) - 1995(2)
1996(4) - 1998(3)
2000(1) - 2001(3)
2003(1) - 2003(1)
2006(2) - 2006(4)
2008(2) - 2008(2)

Table 5. The results of the estimation of different VAR model orders

LAG 1 2 3 4 5 6 7 8 9 10
AIC | -0.77 | 0.78 | -1.37 | -3.36 | -3.49 | -358 | -349 | -3.68 | -3.66 | -3.63
SC -0.64 | -056 | -1.04 | -294 | -296 | -295 | -2.75 | -283 | -2.71 | -2.57

Table 6. The number of cointegration vectors using Johansen — Juselius method

No intercept | Intercept(no | Intercept(no | Interceptand | Intercept and
ortrendin | trend) inCE — | trend) inCE | trendin CE - | trend)in CE
CE ortest | nointerceptin | and test VAR | no trend in — linear trend
Mo 1 1 1 2
Ao 1 0 0 0

123

Table 7. The values of

Mce statistic for the second model

}‘trace
Statistic | P-Value (5%) | Prob.
HO Hl
r=0 | r>1 39.51 35.15
r<i| r>2 8.21 9.16

Table 8. The results of the estimation of long-term relationships between variables

Variable Coefficient | Standard error | Statistic(t)
LGDP 1 - -
DNEGLWROIL 1.08 0.53 2.03
DPOSLWROIL 0.3 0.39 0.75
C -15.6 2.83 -5.64
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