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Abstract:  

With world economies facing increasing financial liberalization and financial crisis, the question 

raised is whether and how monetary authorities in various economies have responded to foreign 

financial shocks? In this paper, the focus of the question is directed at Iran, which will be examined 

through a modified open-economy Taylor Rule that considers foreign financial shocks from Saudi 

Arabia and Kuwait, representing the Middle East, and the U.S., Germany, and Japan, representing 

the rest of the world. Results suggest that although Iran’s monetary policy does not fit the Taylor 

Rule, it has responded to some foreign financial level and volatility shocks over the period of study, 

1997-2013. Findings in this paper, following earlier findings in Ezzati (2013a) and (2013b), indicate 

that Iran’s monetary policy has not been completely based on economic changes and 

macroeconomic influences, but has been based more on controversial political concerns. 
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I. Introduction  

In this research, it is the intention to analyse whether Iran’s Monetary Policy (MP) has ever responded to 

shocks in foreign financial market levels and volatilities, captured respectively by Ezzati (2013a) and 

(2013b). Financial markets deal in equity, money and foreign exchange, three important global financial 

markets that are essential for the analysis of Iran’s MP in the current domestic and global financial climate. In 

addition, selected countries considered as the source of shocks for Iran’s financial markets are Saudi Arabia 

and Kuwait, representing the Middle East, and the U.S., Germany and Japan, representing the rest of the 

world. These are chosen because they are based on important recycling of petrodollars. The former two 

countries are the biggest oil exporter countries in the Middle East, while the latter two are the biggest oil 

importer countries in the rest of the world, where it would be expected that greater financial integration would 

be found. 

Before addressing the main question of this research, the targets, and instruments, along with a brief 

discussion about Iran’s MP are introduced. MP is one of the ways through which the central bank attempts to 

control the economy. A target is what central banks try to hit, and an instrument is what is used to achieve 

the target. In most developed and developing countries, the main target of MP is to achieve a lower inflation 

rate (inflation targeting), and the most common instrument is the short-term interest rate, predominantly used 

in most countries. There are also some central banks around the world that have experimented with 

instrument of Monetary Conditions Indexes (MCI), based on both interest rates and exchange rates (see Ball 

(2000). 

Before addressing the major question of this paper, it is the intention to shed light on the nature of MP in 

Iran.2 Iran’s basic MP target is to achieve a single digit inflation rate, this target is regularly set in five-year 

government development plans. However, Iran’s economy has been suffering from double digit inflation over 

the past 20 years. In the most recent government development plan, 2010 to 2015, Iran’s MP has yet to 

meet this target. In fact, the inflation rate in Iran fluctuated between 17% and 39% from 1997 through 2013. 

Although the accomplishment of the inflation targets has improved somewhat in recent times, the target of a 

gradual disinflation to single-digit levels has not been achieved. Besides, the main MP instrument in Iran is 

the short-term interest rate. The Interest rate mechanism actually works in Iran, however, it is named “benefit 

sharing” because ‘usury’ is forbidden. Thus “benefit sharing” is in effect interest disguised under another 

name.  

The contribution of this research is mostly related to its structure, as this will be one of the first studies in 

which all three foci of analysis of financial integration, financial volatility spillover effects, and direct MP 

responses to foreign financial shocks, in both levels and volatilities, are brought together in a single study of 

Iran, Considered are a broad range of globally important financial markets, viz., equity, money, and foreign 

exchange. Findings of this study will hence make a significant contribution to the knowledge of policy 

makers, portfolio managers, investors, consumers, researchers and knowledge users, on how Iran’s MP has 

been conducted and responded to foreign financial shocks over the last 10 years. 

2 Knowledge regarding MP in Iran is gained from the official websites of the central bank of Iran and the International 
Monetary Fund (IMF) country background reports. Central bank of Iran official website: 
http://www.cbi.ir/section/1370.aspx  and IMF website: http://www.imf.org/external/country/irn/      
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The remainder of this paper is organized as follows: a literature review, discussed in Section II, and a 

proposed model for the analysis, which is illustrated in Section III. Data is clarified in Section IV, and 

Empirical results are reported in Section V. The summary and conclusion is provided in Section VI. 

II. Literature Review  

In this section a light is shone on how MP has been modelled and analysed over a period of time by previous 

studies, and it contains arguments that consider foreign financial shocks on the right side the MP model. MP 

rules have been widely analysed in previous studies through different frameworks, viz., the Taylor Rule, and 

through use of dynamic stochastic general equilibrium (DSGE) models. A discussion of these will be 

undertaken below.  

One of the main strategies adopted to analyse MP is the Taylor Rule framework proposed by Taylor (1993). 

This has been used by some previous researchers, for example, Taylor (2009), Clarida, et al. (1998), Romer 

and Romer (1989), Sargent (1994), and Judd, Rudebusch (1998). The Taylor Rule essentially regresses the 

policy instrument, usually the short-term interest rate, on a set of factors such as the inflation rate and the 

real GDP deviations from the trend. The Taylor Rule can be modelled through two different frameworks 

associated with close- and open-economy Taylor Rules. According to Taylor (1993), the closed-economy 

Taylor Rule is when no foreign variable is considered on the right side the model, whilst, the open-economy 

Taylor Rule allows for foreign variables to be considered on the right side the model.  

Taylor (1993) simulated his proposed closed-economy MP model for the U.S. economy as a positive rule 

over the period of January-1984 through March-1992. Taylor’s representative MP model, looks like the 

following equation. 

Equation 1: *( )t t t tr c gy h π π= + + −            

where g=h= .5 , *
tπ  (inflation target rate=2), tr  is federal funds rate, tπ  is the rate of inflation, ty  is the 

percent deviation of real GDP from the trend, and 

Equation 2: * *100( )t t t ty Y Y Y= − ,              

where tY  is real GDP and *
tY is trend real GDP (2.2 % per annum).  

Placing a positive weight on both the inflation and the real output in the Taylor Rule model, can actually 

mimic movements of the federal funds rate over the period of time, in most countries, for example, the U.S., 

U.K., Germany, Japan, Italy and France. This means, if inflation goes above the target rate (2% per annum), 

or real GDP rises above the trend GDP (2.2% per annum), monetary authorities tighten the MP by increasing 

the interest rate. However, there is not a consensus about the size of the coefficients of the Taylor Rule, 

which means it is not clear whether the weight on the inflation level should be greater than or less than the 

weight on the output. Besides, Taylor indicated, a “good” policy rule responds more aggressively to the 

changes in the inflation rate and the real output. 
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The Taylor Rule has been criticised in various ways. One of the major criticisms relates to the 

parameterization of the rule that reflected exactly the preference of the American monetary authority. Hence, 

the parameterization of the Taylor Rule must differ across countries, a point argued in some studies, for 

example, Samia (2009). Another major criticism is that it ignores the lagged information in the Taylor Rule, 

pointed out by some previous studies, for example, Samia (2009) and Orphanides (2001). This criticism is 

because, in reality, not only central banks, but also policy makers, must consider lagged information to make 

policy decisions. This means adding lagged information to the Taylor Rule could give a more pragmatic 

result for the analysis of the MP. Some previous researchers have added lagged variables to the right side of 

the Taylor Rule for their MP analysis, for example, Orphanides (2001) added lagged interest rate on the right 

side of the Taylor Rule, which represents interest rate smoothing, (further explanation on this paper is 

provided in the following paragraph). 

In contrast to the simulation method used in some previous studies to analyse the Taylor Rule, in more 

recent times, greater resort has been made to using estimation methods. Orphanides (2001) presents one 

example of the studies which estimated the Taylor Rule (as a positive rule) through application of the 

Ordinary Least Squares (OLS), using quarterly data over the period 1987 through 1992. He included lagged 

values of the fund rate on the right side of the closed-economy Taylor Rule for the U.S., in addition to 

standard explanatory variables in the model, and he found a very similar result to Taylor (1993).  

Moreover, some studies pointed out the endogeneity problem associated with estimation of the Taylor Rule, 

in that right hand side variables are often endogenous (for example, GDP deviations from trend, inflation 

rate, and exchange rate), see Taylor and Davradakis (2006). In most cases, studies have used the 

Generalized Method of Moments (GMM-IV), formalized by Hansen (1982), which not only allows instruments 

to solve the matter of endogeneity, but also takes into account the heteroscedasticity, see Baum, et al. 

(2003) and Carare, and Tchaidze (2005).  

Furthermore, there are also other domestic variables in addition to inflation and GDP, considered by 

previous studies on the closed-economy Taylor Rule. For example, commodity prices, oil prices, and real 

estate prices, see for example, Chadha et al. (2004), and Erler (2013). Including the extra domestic variables 

in the rule is because, effectively, there are other variables that MP responds to, although they are not 

targeted. In other words, there are always other variables that affect the target, and their effects are more 

quickly observable, which is an important consideration when using the MP model.  

Chadha et al. (2004) considered asset prices and the exchange rate on the right side the Taylor Rule. They 

applied GMM-IV on the quarterly stationary data over the period 1979-2000, for the U.S., U.K. and Japan. 

They found significant responses of the interest rate of the previously mentioned countries to changes in the 

asset price and the exchange rate. 

Erler (2013) considered real estate prices as an extra domestic variable on the right side of the standard 

Taylor Rule for the U.S., and applied GMM-IV on the quarterly stationary data over 1985 through 2007. He  

found significant responses by the U.S. MP to the real estate prices.  

In addition to the studies, which consider domestic variables other than inflation and GDP on the right side of 

the closed-economy Taylor Rule, there are other studies that argue the open-economy Taylor Rule is better 
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designed to reflect the structure of the real economy. As the open-economy Taylor Rule allows for effects of 

foreign shocks, this could have important influences on MP behavior (see Ball 1999 and 2000; and 

Svensson 1999).  

It is important to consider foreign financial shocks on the right side of the Taylor Rule for the MP analysis, as 

MPs need to respond directly to these shocks. This is because foreign financial shocks (example, foreign 

exchange shocks) can be observed faster than their effects on national monetary target variables (for 

example, inflation rate and GDP) and easier to be eliminated before affecting the entire economy. Also, 

monetary authorities need to adjust MP in order to prevent adverse effects of foreign shocks on the national 

targeted macroeconomic variables. One of these adverse effects is uncertainty about future profits, which 

could harm long-term investment decisions, see Ball (2000) and Taylor (2013). Moreover, fluctuations of the 

exchange rate could alter international capital flows, leading to exchange rate volatility shock that could 

reduce long-term capital flows, which, in turn, could influence the economic growth. In addition, there is 

statistical evidence indicating large estimated reaction coefficients on foreign rates in the Taylor Rule model, 

that sheds light on the importance of the responses of MP to foreign shocks directly, see Gray (2013), and 

Taylor (2007). Hence, many economists have extended the Taylor Rule framework when applying it to an 

open-economy by placing foreign variables on the right side of the model. However, the extended versions of 

the Taylor Rule applied by previous studies, dominantly exclude foreign volatility shocks and only include the 

foreign level shocks on the right side of the Taylor Rule when analysing MP. A representative list of previous 

studies which used the open-economy Taylor Rule are: Clarida et al., (1998), Mohanty and Klau (2005), 

Gray (2013), Cermeño et al., (2012), and Modenesi et al., (2013).  

Clarida et al., (1998) considered foreign commodity prices on the right side the Taylor Rule. They used 

monthly stationary data over the period 1979-1994, and applied the GMM-IV estimation method for six 

countries, Germany, Japan, the U.S., France, U.K. and Italy. They found significant influences of commodity 

prices of some countries on the policy instruments of the other selected countries.  

Mohanty and Klau (2005) considered the foreign exchange rate on the right side of the Taylor Rule for 13 

emerging markets, viz., India, Korea, Philippines, Taiwan, Thailand, Brazil, Chile, Mexico, Peru, Czech 

Republic, Hungary, Poland and South Africa. They applied GMM-IV on quarterly stationary data over the 

period 1995-2002, emphasizing the positive or descriptive aspects of the MP. They found strong MP 

responses to the exchange rate changes in the foremost emerging markets; they also found the previously 

mentioned responses were higher than that to the changes in the inflation rate or the output gap.  

Cermeño et al., (2012) considered the foreign short-run nominal interest rate and foreign output gap of the 

U.S. on the right side the MP model for Mexico. They applied the GMM-IV method on the stationary monthly 

data over the period 1998-2008. They found the Mexican MP to be consistent with the Taylor Rule 

framework, and its responses to the considered foreign shocks. 

Besides, Gray (2013) applied generalised least squares (GLS) on quarterly data to estimate responses of 13 

countries to the U.S. MP over the period 1999 through 2008. He applied GLS due to existence of serial 

correlation in his models. He found that a decrease in the U.S. policy rate influenced other central banks to 

lower their own policy rates and intervene in currency markets, over the period of time. 

4 
 



Further, Modenesi et al., (2013) considered the foreign interest rate on the right side the Taylor Rule for 

Brazil, using monthly data over the period 2000-2010. They simulated their modified Taylor Rule and found 

the Brazilian central bank reacted significantly to foreign interest rates. He also observed a sharp fall in the 

Brazilian equilibrium interest rate, following an abnormal decline in foreign interest rate over a certain period 

of time. 

In sum, previous studies dominantly found that the Taylor Rule format actually fitted both the developing and 

the developed countries’ MP structures. They also found significant responses of MPs to domestic variables 

other than GDP and inflation, and the foreign variables, considered on the right side the Taylor Rule. The 

domestic variables considered in the Taylor Rule, other than GDP and inflation, were dominantly oil prices, 

real estate prices, commodity prices, and stock prices; while foreign variables were dominantly foreign 

interest rates, exchange rates, output gap, and world commodity prices.  

Following these previous studies, this study will apply a modified open-economy Taylor Rule to analyse how 

Iran’s MP has been formulated and has responded to foreign financial shocks over the past 10 years. This 

research will consider both level and volatility foreign financial shocks on the right side the Taylor Rule. While 

previous studies dominantly considered just level shocks, they did not consider the volatilities in their MP 

analysis. Following the literature, it would be expected that endogeneity, heteroscedasticity and serial 

correlation are to be found in this Taylor Rule analysis. Therefore, the author will first investigate the 

existence of the mentioned factors one by one, in order to be able to select an appropriate estimation 

method for the MP analysis. The lack of research in analysis of MP for developing countries such as Iran has 

already been commented upon. 

As also previously mentioned, another way to analyse MP is through DSGE models. Some examples of 

previous studies in which DSGE models have been used are: Gabriely and Ghilardiz (2012), Alba, et. al., 

(2011), Gertler and Karadi (2011), Alpanda et.al., (2010), Chen and Kulthanavit (2008), and Chen (2008). 

These studies focused on MP effects on the economy, or on designing a framework to set optimal MP (for 

example, a MP to achieve low inflation rate). Since the research focus in this study is neither of the 

mentioned foci, DSGE models are not suitable for this particular research analysis, as the research goal is to 

see how Iran’s MP has been formulated, and whether it has ever responded to foreign financial shocks. This 

could be simply analysed through a positive modified open-economy Taylor Rule, as mentioned earlier.  

In the following section, the Taylor Rule model will be discussed, then followed by a Data section, and 

empirical results of the research.  

III. Model 

This section will discuss the proposed models, which will be estimated further in the empirical section of this 

paper. 

 Equation (3) demonstrates a standard open-economy Taylor Rule,  

Equation 3: t t t t tr c gy h e uπ g= + + + +   
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where tπ  is the inflation rate, tr  is the short-term interest rate, ty  is GDP deviations from trend, te  is 

nominal effective exchange rate, and tu  is the error term. Nominal effective exchange rate represents a 

direct exchange rate measure, which means price of foreign currency in terms of domestic currency 

(domestic currency over foreign currency). g, h, and g  are parameters, three key response coefficients, and 

c is the intercept.  

According to Taylor (1999), the ‘leaning against the wind’ regime is the most common application of the MP 

rule, based on an interest rate reaction function, through which central banks set short-term interest rates in 

response to economic events. Policy rule based on this regime describes how policy makers take action in 

response to changes in real GDP deviations from the trend, inflation, and the exchange rate. Also, the 

‘Leaning against the wind’ regime expects g, h, and g  to be positive in the Taylor Rule model, equation (3). 

This means, policy makers are expected to ease money market conditions (lower interest rates) in response 

to lower level of production or inflation, but tighten money market conditions (higher interest rates) in 

response to higher level of production and inflation. And if the exchange rate rises (domestic currency 

depreciates), the interest rate is expected to go down, to be followed by discouraging capital inflows. In this 

scenario, monetary authorities will be expected to increase the interest rate to compensate for the 

depreciation effects, see Taylor (1999). Besides, if g, h, and g  are positive and significant, it could be 

concluded that Iran’s MP fits the Taylor Rule format. This will be tested further in the section on ‘empirical 

results’.  

The second model, Equation (4), is designed to analyse whether Iran’s MP has responded to foreign 

financial shocks over the selected period of time. The structure of Equation (4) allows for foreign financial 

shocks for each country separately in levels and volatilities simultaneously on the right side the model, for 

each country separately and in turn for each financial market, where the left hand variable is Iran’s short-

term interest rate (given 15 different regressions to be estimated, based on equation (4)).  

Equation 4: 2
t t t t tij tij tr c gy h e F h uπ g λ δ= + + + + + +           

Equation (4) is designed using time series data t=1, 2,...., T, where  i=Saudi Arabia, Kuwait, U.S., Germany 

and Japan; and  j= equity market (P), exchange market (E), and money market (R). tF  stands for level 

shocks of the selected countries’ financial markets. 
2
th  stands for volatility shocks coming from the selected 

countries’ financial markets.  

In equation (4), significance of δ  and λ , the two additional slope coefficients, will be analysed to 

investigate whether Iran’s MP has responded respectively to the foreign financial shocks in levels and 

volatilities. It would be expected that λ  is positive, as Iran’s policy makers would be expected to tighten 

money market conditions (higher interest rates) in response to higher interest rates in other selected 

countries, in order to prevent capital outflow, see Gray (2013), Hofmann and Bogdanova (2012), Kahn 

(2010), and Ahrend (2010).  However, δ  would be expected to be negative, as a decrease in the interest 

rate domestically would probably follow an increase in the volatility of foreign financial markets. This means, 
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an increase in foreign financial market volatilities will make these markets riskier, thus encouraging investors 

to transfer their investments to Iran. In turn, this would lead to high levels of capital inflows to Iran, which 

would make Iranian monetary authorities decrease the interest rate.   

In this section, the models estimated in the empirical analysis section of this paper were discussed. In the 

following section, data used for the MP analysis will be clarified, before examining the empirical analysis 

section. 

IV. Data 

Monthly data is used for the MP analysis in this research, as some economists have criticized application of 

quarterly data for MP analysis. According to Taylor (1993), quarterly data is too long to hold the interest rate 

fixed between adjustments, whilst the monthly data would not have this problem. Importantly, Iran’s 

monetary authorities adjust the MP (short-term interest rate) on a monthly basis, which increases the 

importance of utilising monthly data for this research. 

In the light of the above discussion, the monthly series used for Iran’s MP analysis, namely the short-term 

interest rate, log GDP deviations from trend (trend series were calculated through the Hodric Prescott filter, 

and trends were taken out from the unfiltered data, and the series smoothed out by Hodric Prescott filter, 

were used in the Taylor Rule framework), inflation rate (growth rate of consumer price index, 

1 1( )t t tCPI CPI CPI− −− ), and nominal effective exchange rate (price of foreign currency in terms of domestic 

currency (domestic currency over foreign currency)), as well as level and volatility shocks of the selected 

countries’ financial markets. The measure of the level shocks are selected indices for the selected financial 

markets, namely, equity price index, nominal effective exchange rate, and short-term interest rate, which are 

the same indices as used in Ezzati (2013a) to analyse integration of other countries’ financial markets with 

Iran’s financial markets. Volatility measures are the conditional variances estimated for each selected 

country’s financial markets, by Ezzati (2013b), when capturing volatility spillover effects from the other 

countries’ financial markets to Iran’s financial markets.  

For the MP analysis, different sample periods are used in the case of each market, based on availability of 

data. The period of time used for exchange and equity markets is 2003-Oct to 2013-Jan, and for money 

markets is 2004-Aug to 2012-Jun. All data are accessible from International Financial Statistics (IFS)-IMF.  

All the series are available in monthly frequencies with the exception of the GDP series, which is annual. To 

get all monthly series, yearly GDP was interpolated to monthly, converting the lower frequency to the higher 

frequency data. This was achieved by simply calculating the rate of change of each year and compounding 

monthly, using 12
1(1+Rate of change) /t tGDP GDP−= , and then calculating monthly GDPs accordingly.  

In this section, the variables used in the analysis are examined in greater detail, making sure they are all 

stationary before application of any of the discussed estimation methods in the literature section. Initially the 

variables were tested for stationarity using the Lee and Strazicich (2003) procedure, which allows for two 

endogenous breaks in trend and level. 
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The main variables in the Taylor Rule are examined, viz., interest rate, GDP deviation from the trend, 

inflation rate, and exchange rate, respectively. Plots of both raw and transformed data used in the MP 

analysis are available in Appendix I. 

Graph (1) illustrates Iran’s short-term interest rate. It which does not show any seasonal fluctuations, nor 

does it indicate any obvious cyclical or trend movements.  

Graph 1: Short-term interest rate-Iran 

 
 Monthly data over the period Oct-03 through Jan-13. 

 

The dash lines in graph (1) represent significant level and trend breaks in Oct-08 and Nov-2011, captured by 

Lee and Strazicich’s (2003) unit-root test. Iran’s short-term interest rate is found stationary when the breaks 

in the model over the period of time are taken into account (see Appendix II). Considering just the level 

breaks in Iran’s short-term interest rate series, this series is found to be non-stationary with no significant 

level breaks after application of Lee and Strazicich’s (2003) unit-root test. This shows the importance of the 

trend breaks, as well as the level breaks to get the series stationary. Hence, the breaks both in levels and 

trends are dummied out in our interest rate series to make it stationary for use in further MP analysis. 

The captured break in Oct-08 is a result of the Global Financial Crisis (GFC) in 2008, when Iran’s oil price 

decreased quite significantly, and government faced a massive budget deficit, at a time it could no longer 

borrow at reasonable rates from foreign markets. It should be noted that Iran faced economic sanctions by 

the United Nations Security Council Resolution (UNSCR) during that time, see Economist Intelligence Unit-

The Economist (2012).3 Therefore, the Iranian government increased its borrowings from domestic markets, 

and this was followed by a big jump in the interest rate in Oct-08. In addition, the second significant captured 

break in Nov-11, was a result of economic sanctions imposed against Iran by many individual countries 

during that time. For example by Australia, Canada, India, Israel, Japan, South Korea, Switzerland and the 

U.S., see Economist Intelligence Unit-The Economist (2012). 

The breaks in the short-term interest rate, that it can be expected to have been caused by the events 

explained above, are unlikely to be explained by the Taylor Rule. Hence, dummy variables were introduced 

for the significant beaks in both level and trend in the short-term interest rate series. The next step was to 

3 see also website of the UNSCR, available at: 
http://unscr.com/en/search?SearchForm[year]=&SearchForm[topic_ids][]=39&SearchForm[txt]=&SearchForm[mode]=and 
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dummy out the short-term interest rate in order to get the series stationary, for use in the later estimation 

analysis. 

Further, the other series used in our Taylor Rule model, namely, Iran’s GDP deviations from trend, inflation 

rate, and nominal effective exchange rate, did not show any seasonal changes or any clear cyclical 

movements (related Figures are provided in Appendix I). The inflation rate shows a slightly positive trend, 

GDP shows a very sharp positive trend, and nominal the effective exchange rate shows a very sharp 

negative trend. It was found that the inflation rate and exchange rate series were stationary, with two 

significant breaks in both levels and trends, similar to the previously mentioned interest rate. It was therefore 

decided to dummy out the significant breaks from the inflation rate and the exchange rate series, so as to get 

them stationary.4 Also, the GDP deviations from the trend were calculated, as required in the Taylor Rule 

model. After taking out the trend which proved to be stationary. 

Stationarity was also tested on all the additional variables in the proposed Taylor Rule. The additional 

variables are the aforementioned level and volatility series of the selected countries’ financial markets. A 

mixture of stationary and unit root series with or without significant breaks in levels and trends was found, 

before looking for different ways to get each of the series stationary. For example, level and the trend breaks 

were dummied out in order to get the series stationary, with significant level and trend breaks. In the process 

of getting the series stationary, the level breaks in the model were first taken into account without having the 

trend breaks in the model, and if they were found significant, the series were dummied out only the level 

breaks to get the series stationary.5 If no significant breaks were observed, first differences for unit-root 

series were made to get them stationary, while stationary series were directly applied without being 

transformed. 

In this section, data which will be used for the MP analysis was clarified, while in the following section, Iran’s 

MP framework will be examined to find out whether Iran’s MP has ever responded to foreign financial 

shocks.  

V. Empirical Results 

This section describes empirical results achieved through estimation of the modified open-economy Taylor 

Rule model (a positive rule) in order to determine the question of response by Iran to foreign financial 

shocks. 

In order to select an appropriate estimation method for the MP analysis, preliminary empirical analysis will be 

undertaken to find out whether the model suffers from any of the possible endogeneity, heteroscedasticity 

and serial correlation problems, indicated by the previous studies discussed in the literature section. 

Therefore, we investigate existence of the mentioned problems one by one, in what follows. 

The first test will be to see whether the Taylor Rule model suffers from any endogeneity problems. Based on 

the Taylor Rule model, equation (3) in the model section, all the regressors, namely GDP deviations from 

trend, inflation rate, and exchange rate, are suspected to be problem variables (being endogenous). This is 

4 Captured breaks for exchange rate are Oct-08 and Jun-09, and for the inflation rate they are Sep-07 and Jan-09. 
5 After dummying out the significant breaks in the series and getting the transformed series, the traditional unit-root tests were applied, 
viz., ADF and PP on the transformed series, to make sure that the transformed series were stationary (for more details regarding the 
mentioned traditional unit-root tests refer to Ezzati (2013a)). 
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because, focus of the standard Taylor Rule is on the effects of the aforementioned regressors on interest 

rate (MP reactions), but in practice it is possible that there is reverse causation. As changes in the interest 

rate feed back to the economy, causation could be in both directions. A problem associated with the 

endogeneity matter is the correlation between the error term and the regressors, which undermines the 

unbiased nature of, and consistency of, the OLS estimations.  

To test endogeneity of the regressors under the Taylor Rule, a version of the Hausman (1978) test proposed 

by Davidson and Mackinnon (1989, 1993) was applied. Before application of the endogeneity test, a set of 

instrumental variables to be used to test whether there were any endogenous estimators in our Taylor Rule 

was needed. After selecting instrumental variables, it was necessary to make sure they were valid, and not 

weak. Instruments do not have to be correlated with the residuals of the original regression, but have to be 

correlated with the suspect variable, see Arellano and Bover (1995).  

Since it is suspected that all the estimators in the Taylor Rule are endogenous, following the other studies 

mentioned earlier in the paper, instruments equal to the number of the estimators were selected, that is, one 

instrument for each suspect variable. Following the literature, the selected instruments took the form of one 

period lagged value of the suspect variables.6 The validity and weakness of the selected instruments were 

then tested, and the results are reported in Table [1]. The first column of the table records correlations 

between the selected instruments and the suspect variables, while the second column indicates validity of 

the instruments, which reports correlations between the residuals and the selected instruments.  

Table 1: Correlation test - properties of the instruments 

Instruments7 Correlation with the related suspect 
variable-weakness  

Correlation with residual of the original 
regression-validity  

1ty −   0.9856  (61.1321) 0.0257   (0.2696)  

1tπ −   0.3569  (4.0070) -0.0008  (-0.0083)  

1te −   0.1211   (1.2795) 0.0423    (0.4440)  
 Residuals are calculated through estimation of our proposed Taylor Rule model, equation (3), by using the OLS estimation 

method. 

 One separate instrument is considered for each suspect variable, ty , tπ , and te . 
 t-values are reported in the brackets next to each correlation value under the null hypothesis of ‘there is no correlation 

between the instrument and the suspect variable’, and ‘there is no correlation between the instrument and the residuals of the 
equation (3), to test the weakness and validity of the instruments, respectively. 

 t-critical point is 1.645, at 5% significance level      
 

Table [1] records that the selected instruments are not weak, as each of the instruments indicates significant 

correlation with the related suspect variable (with the exception of 1te − ), which means rejection of the null 

hypothesis, and ‘there is no correlation between the instrument and the suspect variable’. This means 1te − , 

is a weak instrument, but valid, and therefore applicable to be used for the analysis. The second column in 

Table [1] shows validity of all the instruments, since correlations between the instruments and the residuals 

6 Also dummy variables could be considered as the instruments along with the previously mentioned lagged series, see Crepon, 
Kramarz and Trognon (1997), which is not the case in this research the significant breaks in our series were dummied out and where 
all the series were stationary before application of the estimation analysis. 
7 It is common to use the lagged dependent variable as one of the instruments, however, in this case 1tr −  turned out to not to be 
correlated with the suspect variables and correlated with the residuals of the original regression, which means it was a weak and 
invalid instrument. Hence, 1tr −  was not used, as one of the instruments in order to conduct the endogeneity test on the regressors. 
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are all zero, which means the null hypothesis is not rejected, as ‘there is no correlation between the 

instrument and the residuals of equation (3)’.  An attempt was also made with a longer lagged te  to find the 

instrument which is significantly correlated with te  as a suspect variable and not correlated with the 

residuals, but we could not find any instrument better than 1te −  based on the good properties of the 

instruments. 

After selecting the proper instruments, which is the prerequisite step in order to conduct an endogeneity test 

based on a version of the Hausman (1978) test proposed by Davidson and Mackinnon (1989, 1993), the 

previously mentioned endogeneity test was conducted by using the selected instruments. 

The aforementioned endogeneity test is a two-step procedure: OLS was first applied to regress the suspect 

variables, namely, the inflation rate, GDP deviations from trend, and exchange rate. These were applied one 

by one, on the instruments, to retrieve the residuals in each case.8 The following format was used in the 

regression: 

Equation 5: 1 1 1it t t t itz c gy h eπ g υ− − −= + + + + ,  ,  ,  t t ti y eπ=  

This was followed by re-estimation of the original regression, equation (3), including the retrieved residuals 

from equation (5) as an additional regressor, and used separately for each suspect variable, see equation 

(6), 

Equation 6: ˆt t t t it tr c gy h e uπ g υ= + + + + + , ,  ,  t t ti y eπ=  

îtυ  is the retrieved residual. This is to test whether the retrieved residuals have any explanatory power in the 

model, implying endogeneity of the suspect variable. The significance of the retrieved residuals suggests 

rejection of the null hypothesis of ‘suspect variable is exogenous’, implying that the suspect variable is 

endogenous, which makes the OLS estimates inconsistent and biased.  

Table [2] reports significance of the retrieved residuals included in Equation (6), as explained above. 

Table 2: Two-stage endogeneity test 

Suspect variable         Retrieved Residuals Result 

 Coefficient Probability 

ty   -29.3119 0.1050 Exogenous 

tπ     9.6834 0.5395 Exogenous 

te    -0.0288 0.8003 Exogenous  

 Version of Hausman (1978) test proposed by Davidson and Mackinnon (1989, 1993)  
 
Table 2 shows that all the suspect variables are actually exogenous.  

To be sure about the results reported in this table an endogeneity test was also applied through application 

of the TSLS estimation method, which allows the instruments in the model to test the endogeneity of the 

regressors. This confirmed the exogenous regressors, where J-statistics=2.4910 under the null hypothesis of 

8 Usually the suspect variable should be regressed on all the exogenous variables in the model and on the instruments to retrieve the 
residuals, however, in this case there is no exogenous variable, as all the regressors are suspected as being endogenous. 
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‘suspect variables are exogenous’, considering three degree of freedom equal to the number of the 

instruments (d.f.=3), and p-value=0.4769. 

Before selecting the suitable estimation method for the MP analysis, it was necessary to test for existence of 

heteroscedasticity and autocorrelation through application of White type and Breusch-Godfrey serial 

correlation LM tests, respectively. The results are reported further in Tables [3] and [4] through application of 

the OLS estimation method.  

Following White (1980), the White test was applied to test whether the residual variance of the regression 

was constant. Results showed   P-  0valu 1e .012= , for 2
(9)χ under the null hypothesis of ‘homoscedasticity’, 

which indicates rejection of the null hypothesis, highlighting existence of the heteroscedasticity. 

This was followed by the Breusch-Godfrey (Lagrange Multiplier) test to see whether there was any serial 

correlation in the errors, see Breusch and Pagan (1980). The results showed   P-  0value= .0000 , for 2
(1)χ   

under the null hypothesis of ‘serial correlation does not exist’, which indicated rejection of the null hypothesis, 

and that the model was also suffering from serial correlation. 

At this stage, it was understood that there were no endogenous estimators in our Taylor Rule model, which 

implies that OLS estimates will not be inconsistent and biased. However, it was found that the model suffers 

from heteroscedasticity and serial correlation problems, and that these undermined the efficiency of the OLS 

estimates. Therefore, to estimate Equation (3), OLS estimation with robust standard errors was applied, 

using White coefficient covariance matrix (robust coefficient variance estimators). These are designed to 

accommodate arbitrary serial correlation and time-varying variances in the disturbances. This exercise is to 

analyse whether Iran’s monetary authorities have responded to changes in GDP deviations from trend, 

inflation rate, and exchange rate, over the period of time being studied. This will clarify whether Iran’s MP fits 

the Taylor Rule format. The results are reported in Table [3] below: 

Table 3: Taylor Rule-Estimation Results  

Taylor Rule: t t t tr c gy h eπ g= + + +  

Taylor Rule Variables:                        Coefficient            Probability 
 

Sample (adjusted): Oct-2003 to Jan-2013 
 
Table [3] shows that Iran’s short-term interest rate has not responded to any macroeconomic changes over 

2003-Oct through 2013-Jan, based on the open-economy Taylor Rule. This means, Iran’s MP does not fit 

the Taylor Rule. This result is against Mohanty and Klau (2005) who found some central banks in emerging 

economies, for example, India, Chile, Korea, responded to the changes in output, inflation rate, and 

exchange rate. The findings in this paper reveal that Iran’s MP changes are based more on political 

influences than on macroeconomic influences. Also, this result could be an indication of the weak economic 

  c                                                            -0.0061                           0.9068 
  g                                                                                           -0.3708                             0.8909 

  h                                                                                           -1.3945                    0.8042 

 g                                                            -0.0284                    0.5015 

2 0.014784R =  
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stability in Iran, as according to Taylor (1999), the more responsive MP is to the changes in GDP, inflation 

rate, and exchange rate, the more will be the degree of economic stability. 

 

Although significant responses from Iran’s MP to the national macroeconomic changes in the Taylor Rule 

were found, it is still of interest to see whether Iran’s MP has ever responded to foreign financial shocks, a 

question answered through estimation of equation (4). Here, foreign financial shocks in both levels and 

volatilities on the right side the model were considered simultaneously for each country in turn, and in the 

case of each market respectively. Also considered separately was the level and volatility shocks on the right 

side the model in each case, however, the results were not sensitive to that.  

The results are reported further in Tables [4], [5] and [6], for exchange market, equity market, and the money 

market, respectively.  

Empirical results in Table [4] are achieved by considering the foreign exchange shocks in both level and 

volatility from the selected countries, viz., Saudi Arabia, Kuwait, U.S., Germany, and Japan, in turn, on the 

right side the Taylor Rule. 
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Table 4:  Foreign Exchange Market 

Taylor Rule: t t t tr c gy h eπ g= + + +  

Taylor Rule considering foreign exchange shocks: 2
tft t t t tf tEr c gy h e E hπ g λ δ= + + + + +  

f =Saudi Arabia, Kuwait, U.S., Germany and Japan 
 

  
    Taylor Rule 

                                    Monetary Policy Responses to Foreign Exchange Shocks 
Taylor Rule considering foreign exchange shocks 

Paramete
rs 

  
        None Saudi Arabia    Kuwait         U.S.    Germany        Japan 
Coef. Prob.  Coef.  Prob. Coef. Prob. Coef. Prob.            Coef. Prob. Coef. Prob. 

c  -0.0061 0.9068 -0.0061 0.9076 -0.0073 0.8873 -0.0500 0.5933      -0.0067 0.8977 -0.0027 0.9575                   
g     -0.3708 0.8909 -0.8311 0.7834  0.7509 0.7807 -0.5474 0.8730     -1.4948 0.6097 -0.9740 0.7334 
h    -1.3945 0.8042 -1.3805 0.8091  0.6092 0.9157 -0.8755  0.8792         -1.1692 0.8309 -0.5071 0.9285 
g  -0.0284 0.5015 -0.0265 0.5306 -0.0349 0.3692 -0.0302 0.4799    -0.0321 0.4789 -0.021 0.5594 

0.3760 λ  - - -0.0109 0.4774 -4.9576 0.5548 0.0027 0.7761       0.0244 0.7459 0.0067 

δ          -         - 0.0380 0.7529  5.1500 0.3000 0.0251 0.4675                 0.3474 0.2108 0.0327 0.2102 
 
      Period of time: 2003-Oct to 2013-Jan 
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The results in Table [4] shows there are no responses from Iran’s MP to the level and volatility 

changes of the selected countries’ exchange markets. This result is in line with Taylor (1993) 

who found some countries, the U.S., U.K., Germany, Japan, Italy and France, dominantly prefer 

to set interest rates based on economic conditions in their own countries, while not paying 

significant attention to foreign exchange rates found through simulating the economic 

performance of the previously mentioned countries. 

These findings can be compared with Ezzati (2013a) and (2013b), where found Iran’s exchange 

market is not integrated with the exchange markets other selected countries. However, in those 

studies it was found that there were volatility spillover effects from some of the countries, viz., 

Saudi Arabia and Japan. Although volatility spillover effects from those countries into Iran’s 

exchange market were found significant by Ezzati (2013b), in this research it is observed that 

Iran’s MP has not actually responded to significant foreign financial effects.  

Table [4] indicates the magnitude and signs of the macroeconomic changes in the Taylor Rule 

are slightly different when compared to the earlier estimation results of Equation (3) recorded 

repeatedly in the first two columns of Tables [4], [5], and [6]. These earlier estimation results 

can be compared to the cases that include foreign financial shocks on the right side the model 

in the aforementioned tables. Although not concerned about these differences, as they are 

insignificant, one justification for them is the short sample period used for this MP analysis that 

was based on availability of data. The sensitivity of the estimation results (although they are not 

significant) to add extra variables on the right side of the Taylor Rule is also in the line with what 

was experienced by some previous studies (see Kurz and Kurz-Kim 2011, Samia 2009, and 

Carare and Tchaidze 2005).  

It should be taken into consideration that at this stage the only concern is with the significance 

and signs of the foreign shocks, ,  ,  and g λ δ . 

Empirical results in Table [5], considers foreign equity shocks in both level and volatility on the 

right side of the Taylor Rule for the each selected country in turn. 
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Table 5: Equity Market 

Taylor Rule: t t t tr c gy h eπ g= + + +  

Taylor Rule considering equity shocks: 2
tft t t tf tPr c gy h e P hπ g λ δ= + + + + +  

f =Saudi Arabia, Kuwait, U.S., Germany and Japan 

Parame
ters 

                                                      Monetary Policy Responses to Equity Shocks 
Taylor Rule                                         Taylor Rule considering equity shocks 
              None                         Saudi Arabia                      Kuwait                              U.S.                                 Germany                                  
Japan 
Coefficient Prob. Coefficient Prob. Coefficient Prob. Coefficient Prob. Coefficient Prob. Coefficient Prob. 

  c 
  g 
  h 
g  
λ  
δ  

-0.0061 
-0.3708 
-1.3945 
-0.0284 

- 
- 

0.9068 
0.8909 
0.8042 
0.5015 

- 
- 

0.0079 
-0.6178 
0.9645 
-0.0192 
0.0028 
-0.0051 

0.8442 
0.8207 
0.7871 
0.0463 
0.0021 
0.0028 

-0.1107 
-0.2675 
1.7630 
-0.0235 
-0.0011 
-0.0719 

0.3946 
0.9303 
0.6213 
0.6196 
0.7800 
0.2703 

0.0059 
-0.1353 
2.1127 
-0.0158 
0.0066 
0.0165 

0.8838 
0.9594 
0.5610 
0.7283 
0.4522 
0.7330 

0.0083 
-1.4933 
3.0321 
-0.0229 
-0.0070 
-0.0193 

0.8339 
0.5914 
0.3853 
0.6085 
0.0172 
0.7333 

0.0095 
-1.8081 
3.0434 
-0.0193 
-0.0054 
-0.0864 

0.8104 
0.5546       
0.4108 

0.6665 
0.0370 
0.7770 

 
Period of  time: 2003-Oct to 2013-Jan 
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Table [5] indicates Iran’s MP has been affected by Germany’s and Japan’s equity shocks in 

levels, Saudi Arabia in both levels and volatilities. Germany and Japan are two major trade 

partners for Iran which could explain their significance on the level effects of equity markets on 

Iran’s MP. Significant level shocks from Germany’s and Japan’s equity markets on Iran’s MP 

look more like just statistical results, as their volatility shocks show insignificance over the same 

period of time. However, significant level and volatility shocks from Saudi Arabia’s equity market 

on Iran’s MP are not surprising, as Saudi Arabia is one of Iran’s neighbouring countries which is 

a member of Organization of the Petroleum Exporter Countries, as is Iran. Both countries are 

also in the Middle East, and have similar economic characteristics. 

These results can be compared with Ezzati (2013a) and (2013b), where found Iran’s equity 

market has been integrated with the equity markets of selected countries over the studied 

period of time (with the exception of the U.S. equity market), but it has received insignificant 

spillover effects from them. This means, that although Iran’s equity market has been integrated 

with the equity markets of the selected countries, it has not responded to the shocks received 

from all the integrated markets.  

Table [6] considers shocks in foreign money markets in level and volatility on the right side the 

Taylor Rule, for each selected country separately.  
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Table 6: Money Market 

Taylor Rule: t t t tr c gy h eπ g= + + +  

Taylor Rule considering money shocks: 2
tft t t t f tRr c gy h e R hπ g λ δ= + + + + +  

f =Saudi Arabia, Kuwait, U.S., Germany and Japan 

Parameter
s 

                                                                                                     Monetary Policy Responses to Money Shocks 
       Taylor Rule                                                                                Taylor Rule considering Money shocks 

        None Saudi Arabia                       Kuwait                         U.S.                            Germany                       Japan 
Coefficient Prob. Coefficient Prob. Coefficient Prob. Coefficient Prob. Coefficient Prob. Coefficient Prob. 

c 
g 
h 
g  

λ     
δ  

-0.0061 
 -0.3708 
-1.3945 
-0.0284 
     - 

 -  

0.9068 
0.8909 
0.8042 
0.5015 
    - 
   - 

0.0173 
1.0427 
-0.0295 
3.4060 
-0.0552 
0.4739 

0.7621 
0.7575 
0.2366 
0.5778 
0.4194 
0.6351 

0.0169 
0.3329 
-0.0283 
2.9463 
-0.0187 
0.0556 

0.7685 
0.9150 
0.2593 
0.6285 
0.7860 
0.8525 

0.0240 
0.3082 
0.0086 
2.9661 
-0.0981 
-0.8470 

0.6538 
0.9144 
0.7284 
0.5952 
0.3648 
0.0002 

0.0171 
4.1623 
-0.0282 
3.0799 
0.0370 
2.4807 

0.7592 
0.2318 
0.2437 
0.6032 
0.6849 
0.0392 

0.0177 
1.3065 
-0.0230 
3.0014 
-1.5794 
15.311 

0.7539 
0.6765 
0.3558 
0.6123 
0.0709 
0.3898 

Period of Time: 2004-Aug to 2012-Jun               
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The results in Table [6] show Iran’s money market has received significant volatility effects from the U.S. and 

Germany’s money markets. This again looks more like a statistical result without any practical interpretation, 

as the aforementioned foreign markets did not show significant effects in the levels over the same period of 

time. These findings can be compared with Ezzati (2013a) and (2013b), where found Iran’s money market is 

integrated with money markets of Saudi Arabia, Kuwait and U.S., but it has not received significant volatility 

spillover effects from them. 

In summmary, the findings indicate that although Iran’s financial markets have been integrated with some 

global financial markets and have received significant foreign level and volatility spillover effects as found by 

Ezzati (2013a, 2013b), monetary authorities have not responded to all the significant shocks. This might be 

either for the reason that Iran’s MP works more under political influences than economic influences, or 

because monetary authorities might simply not recognize all the important foreign shocks and thus does not 

respond to them. However, the importance of MP responses to foreign financial shocks discussed earlier in 

this paper, and the important influence of foreign financial shocks on one economy is also highlighted. 

Therefore, this research concludes that many economic problems in Iran might actually be the result of 

ignorance in relation to the importance of foreign shocks by the monetary authorities, resulting in MP being 

irresponsive to significant foreign shocks.   

VI. Summary and Conclusion  

Since Iran’s financial markets were affected by foreign financial shocks in levels and volatilities found by 

Ezzati (2013a) and (2013b), respectively, this paper set out to examine whether Iran’s MP has ever 

responded to the shocks. To answer this question, a modified open-economy Taylor Rule was designed and 

estimated through application of a simple OLS, and by adjusting the standard errors for heteroscedasticity and 

serial correlation. It was found that Iran’s MP does not fit the standard open-economy Taylor Rule. However, it 

has resulted in significant effects from Saudi Arabia’s equity market in both levels and volatilities. These 

findings might either be because Iran’s MP has not been completely based on economic changes and 

macroeconomic influences, and that it might have been based more on political influences, or because 

monetary authorities have simply not recognized all the important foreign shocks resulting in failure to respond 

to them. The importance of MP responses to foreign financial shocks was discussed earlier in this paper, and 

the important influences of these foreign financial shocks on Iran’s economy have also been highlighted. This 

research therefore concludes that many economic problems in Iran might actually be caused through 

ignorance of the impact of foreign shocks by the monetary authorities, resulting in an irresponsive MP to deal 

with these significant foreign shocks.   
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Appendix I:  

Raw data-Taylor Rule variables 

                  Iran’s short-term interest rate- %p.a.                      Iran’s GDP billion Rials 

 

 

 

 

 

 

 

 

 

 

 

  

11

12

13

14

15

16

03 04 05 06 07 08 09 10 11 12

short-term interest rate

-2

-1

0

1

2

03 04 05 06 07 08 09 10 11 12

transformed stationary short-term interest rate

60

70

80

90

100

110

120

03 04 05 06 07 08 09 10 11 12 13

Monthly GDP

-.06

-.04

-.02

.00

.02

.04

03 04 05 06 07 08 09 10 11 12

GDP deviations from trend

20 
 



 

 

  

Iran’s nominal effective exchange rate-Index        Iran’s  growth rate of consumer price index:                          
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Foreign exchange market: 
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Equity market: 
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Appendix II: 

Results of the Lee and Strazicich unit root test in presence of two endogenous breaks for all series in this MP 

analysis, are provided in Tables [7], [8], [9], [10], [11], [12], and [13]. The applied model for the test is the 

model with two breaks in both intercept and trend, significance of the breaks are considered based on 

significance of the trends. This means that the null hypothesis indicates stationary trend breaks, see Ezzati 

(2013a).  

In the above mentioned tables, results of the application of the Lee and Strazicich (2003) in presence of the 

level breaks (no trend breaks) are also reported, see last column of the table, to check whether the series 

could be stationary by just considering the level breaks in the model. In the cases where the series were 

stationary, and just considering the level breaks, the level breaks were dummied out so as to get our series 

stationary for use in further estimation analysis.  

Notably, Lee and Strazicich (2004) in presence of only one structural break is applied in the cases of getting 

one significant trend break through application of Lee and Stracizich (2003) in presence of two structural 

breaks, see Ezzati (2013a). 
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Table [7]: Unit root test-Lee and Strazicich (2003 and 2004) 

Variable 
 
LM test 
statistic 

LM critical 
point at 5% 
significance 
level 
 

1BT
 

2BT
 

k  

Result- 
Considering 
both the 
level and the 
trend breaks 
details are 
shown in the 
table 

Result- 
Considerin
g just the 
level 
breaks 

ty   -6.3543
 

-5.67 
Dec-06 ( 1λ =  0.3513) Dec-09 ( 2λ =  0.6776) 

12 S- two trend 
breaks  

UR-no level 
breaks B1(t) D1(t) B2(t) D2(t) 

0.3729 7.6620 1.2501 18.6520 

tr  
-7.6096   -5.65 

Oct-08 (0.5495) Nov-2011 (0.8918) 
12 

S- two level 
and trend 
breaks 

UR-no level 
breaks B1(t) D1(t) B2(t) D2(t) 

9.3260* -8.7579 -3.5622  13.8009 

te  
-5.8783  -5.73 

 

Oct-08 (0.5625) Jan-09 (0.875)  
 10 S-two trend 

breaks 

UR-two 
level 
breaks B1(t) D1(t) B2(t) D2(t) 

0.1593 5.3048 1.5550 -3.2602 

 

tπ  -8.6782 -5.67 
Sep-07 (0.4324) Jan-09 (0.5765) 

0 S- two trend 
breaks 

UR-one 
level break B1(t) D1(t) B2(t) D2(t) 

-0.6655 3.2718 1.2152 -3.3694 
 
 period of time Oct-2003 through Jan-2013 
 B1(t): break in intercept, t-rations are reported in the table, tested at 5% significance level, 1.96. 
 D1(t): break in trend, t-rations are reported in the table, tested at 5% significance level, 1.96. 
 UR stands for unit root 
 S stands for stationary 
 maximum lag which is 12k = , suitable when monthly data is applied (Hall 1994). 
 critical points for the two-break minimum Lagrange Multiplier unit root test are given in the Lee and Strazicich (2003) paper, based 

on  the captured break points, 

Break point 1 Break point 2
 and 1 2N Nλ λ= =   

Source: IMF-IFS and author calculations. 
 
Table [8]: Unit root test on the equity market shocks in level (stock price indices)-Lee and Strazicich  

(2003 and 2004) 

Variable 
 
LM test for 
stationarity 

 
LM 
critical 
point 

1BT
 

 
2BT

 
 

k  

Result- 
Considering 
both the level 
and the trend 
breaks 

Result- 
Considering 
just the level 
breaks 

 tSPF  -5.9855 -5.74 
Mar-06 (0.3333) Sep-08 (0.6666) 

10 
S- two level 
and trend 
breaks 

 
UR-one level 
break 

B1(t) D1(t) B2(t) D2(t) 
-5.2471 -4.7064 -3.2034 4.5888 

 tKPF  -5.4540 -5.71 

Jan-05 (0.1773) Sep-08 (0.6666) 

10 

UR-two 
trend breaks 
and one level 
breaks 

UR-two level 
breaks  

B1(t) D1(t) B2(t) D2(t) 

-1.0120 2.5138 -3.5904 -5.8861 

 

tUPF  -5.7157 -5.73 

Dec-07 (0.5666) Oct-08 (0.6777) 

3 UR- two level 
breaks 

UR-one level 
break 
 
 

B1(t) D1(t) B2(t) D2(t) 

-1.9574 -1.2030 -3.3702 1.0782 

 tGPF  -6.0389 -5.67 
Oct-06 (0.4111) Sep-08 (0.6666) 

8 S- two trend 
breaks 

UR-one level 
break 
 

B1(t) D1(t) B2(t) D2(t) 
-1.6953 4.3676 -1.9279 -4.4152 

 tJPF  -4.5376 -5.67 
Jun-06 (0.3666) July-08  (0.6444) 

11 UR- two 
trend breaks 

UR-one level 
break B1(t) D1(t) B2(t) D2(t) 

-0.2768 2.6133 0.8772 -4.0479 

 Monthly time series variables are applied over the time period Oct-2003 through March-2011 
Source: IMF-IFS and author calculations. 
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Table [9]: Unit root test on the equity market shocks in volatility-Lee and Strazicich (2003 and 2004) 

Variable 
 
LM test for 
stationarity 

 
LM critical 
point 

1BT
 

 
2BT

 
 

k  

Result- 
Considering 
both the level 
and the trend 
breaks shown in 
the table 

Result- 
Considering 
just the level 
breaks 

 
2
tSPh  -10.9123 -5.73 

Dec-08 (0.7) Aug-09 (0.7888) 
0 S- one level 

break 
UR-two level 
breaks B1(t) D1(t) B2(t) D2(t) 

-0.8641 0.1768 -6.7309 -0.3019 

 
2
tKPh  -14.9326 -5.73 

Sep-08 (0.6666) Oct-09 (0.8111) 
0 S-no breaks S-one level 

break B1(t) D1(t) B2(t) D2(t) 
1.2977 0.3894 1.0972 -1.8004 

 
2
tUPh  

-5.7157 -5.73 
Dec-07  (0.5666) Oct-08  (0.6777) 

3 UR- one level 
break 

UR-one level 
break B1(t) D1(t) B2(t) D2(t) 

-3.3702 1.0782 -1.2030 0.7815 

 
2
tGPh  -5.0820 -5.67 

Jan-08 (0.5777) Nov-08 (0.6888) 
6 UR- one level 

break 

UR-one level 
break 
 

B1(t) D1(t) B2(t) D2(t) 
6.6440 -0.9155 -0.3919 0.6760 

 
2
tJPh  -9.9406 -5.73 

Jun-08 (0.6333) Dec-08 (0.7) 
0 S-two level and 

trend breaks 

S-no level 
breaks 
 

B1(t) D1(t) B2(t) D2(t) 
2.1715 -4.5892 2.1228 3.2664 

 
 Monthly time series variables are applied over the time period Oct-2003 through March-2011 
Source: IMF-IFS and author calculations. 

 
 
 

Table [10]: Unit root test on the money market shocks in level-Lee and Strazicich (2003 and 2004) 

Variable LM test for 
stationarity 

LM 
critical 
point 
 

1BT
 

2BT
 k  

Result- 
Considering 
both the level 
and the trend 
breaks shown in 
the table 

Result- 
Considering 
just the level 
breaks 

tSRF  

-4.3843 -5.74 
Aug-06 (0.2631) Apr-09 (0.6666) 

12 UR-one trend 
break 

UR-two level 
breaks B1(t) D1(t) B2(t) D2(t) 

-0.7735 -1.7792 -1.7353 -2.7288 

-2.5246 -4.50 
Nov-07 (0.4210) 

12 UR-level and 
trend breaks  

UR-one level 
break B(t) D(t) 

-2.4509 -4.7077 

tKRF  
-5.7163    -5.67 

Oct-07 (0.4105) Oct-09 (0.6631) 
12 S-two trend  

breaks 
UR-one level 
break B1(t) D1(t) B2(t) D2(t) 

-0.4200 -6.9586 -0.1535 4.2858 

tURF  
-5.4683 -5.74 

Jan-07 (0.3157) 
 

Apr-09 (0.6) 
 

10 
UR-two trend 
breaks and one 
level break  

UR-two level 
breaks  B1(t) D1(t) B2(t) D2(t) 

0.2078 -4.7742 2.0822 -3.8799 

tGRF  
-5.3228 -5.74 

Jan-07 (0.3157) July-09 (0.6115) 
11 UR-two trend 

breaks 
UR-two level 
breaks B1(t) D1(t) B2(t) D2(t) 

-0.1057 2.8835 1.5190 -7.3400 

tJRF  
-6.1380 -5.59 

May-06  (0.2315) Sep-08  (0.5368) 
12 
 

S-two level and 
two trend 
breaks 
 

 
UR-no level 
break 

B1(t) D1(t) B2(t) D2(t) 

-2.4309 5.4653 -5.2550 -7.0147 

 
 Monthly time series variables are applied over the time period August-04 through Jun-12 
Source: IMF-IFS and author calculation 
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Table [11]: Unit root test on the money market shocks in volatility-Lee and Strazicich (2003 and 2004) 

Variable LM test for 
stationarity 

 
LM 
critical 
point  
 

1BT
 

2BT
 k  

Result- 
Considering 
both the 
level and the 
trend breaks 
shown in the 
table 

Result- 
Consideri
ng just 
the level 
breaks 

2
tSRh  

-10.8136 -5.67 
Oct-07 (0.4105) Aug-08 (0.5157) 

12 
S-two level 
and two 
trend breaks 

UR-two 
level 
breaks  

B1(t) D1(t) B2(t) D2(t) 
-6.6720 11.4931 4.7124 -11.9226 

2
tKRh  

-7.0652 -5.67 
Jun-07  (0.3684) Jun-09 (0.6210) 

11 

S-two trend 
breaks and 
one level 
break  

UR-one 
level 
break  

B1(t) D1(t) B2(t) D2(t) 
-2.8273 6.6717 -0.0340 -6.7405 

2
tURh  

-9.7532 -5.67 

Dec-07 (0.4315) 
 

Apr-09  (0.6) 
 

7 
S-two level 
and trend  
breaks 

S-two 
level 
breaks  

B1(t) D1(t) B2(t) D2(t) 
5.4888 -3.6109 7.9360 3.2447 

2
tGRh  

-9.8334 -5.59 
Feb-07 (0.3263) Sep-08 (0.5263) 

12 
S-two level 
and two 
trend breaks 

UR-one 
level 
break  

B1(t) D1(t) B2(t) D2(t) 
11.2808 -9.3440 -3.3241 9.5791 

2
tJRh  

-9.8334 -5.59 

Feb-07 (0.3263) Sep-08  ().5263) 
12 
 

S-two level 
and two 
trend breaks 
 

 
S-no level 
breaks  

B1(t) D1(t) B2(t) D2(t) 

11.2808 -9.3440 -3.3241 9.5791 

 Monthly time series variables are applied over the time period August-04 through Jun-12 
Source: IMF-IFS and author calculations. 
 
 
Table [12]: Unit root test on the exchange market shocks in level-Lee and Strazicich (2003 and 2004) 

Variable 

LM test 
for 
stationar
ity 

LM critical 
point  
 1BT

 

2BT
 k  

Result- 
Considering both 
the level and the 
trend breaks 
shown in the table 

Result- 
Considering 
just the 
level breaks 

tSEF  
-5.0138 -5.59 

May-06 (0.2882) July-07 (0.4144) 
5 UR- one level 

break  
UR-no level 
breaks B1(t) D1(t) B2(t) D2(t) 

2.1886 0.3966 0.9806 -0.3318 

tKEF  
-5.1257 -5.67 

Apr-07 (0.3873) July-09 (0.6306) 

7 UR-two trend 
breaks  

UR -two 
level breaks 

B1(t) D1(t) B2(t) D2(t) 

1.4212 -3.7369 -0.3899 3.2867 

tUEF  
-5.7288 -5.73 

Aug-08 (0.5315) Mar-11 (0.8108) 

5 S-two trend 
breaks  

UR-no level 
breaks 

B1(t) D1(t) B2(t) D2(t) 

-0.4481 
 
3.9493 
 

-1.5015 -2.0246 

tGEF  

-5.0481 -5.59 
Aug-05 (0.2072) Jun-08 (0.5135) 

6 S-one trend break 
and  

UR-one 
level break 

B1(t) D1(t) B2(t) D2(t) 
0.4920  -2.5018 0.5293  -1.6360 

-4.1236 -4.51 
Nov-10 (0.6756) 

3 UR-trend break  UR-no level 
break B1(t) D1(t) 

-0.8552 -2.5973 

tJEF  

-6.4068 -5.67 
July-07 Aug-08 

2 S-one trend break 
and  

UR-two 
level breaks B1(t) D1(t) B2(t) D2(t) 

1.4990 0.1194 -0.5793 5.0001 

-5.0063 -4.51 
Aug-08 

2 S-trend break  UR-level 
break B1(t) D1(t) 

0.1786 5.1790 
 
 Monthly data series are applied over the period of October-2003 to January-2013. 
Source: IMF-IFS and author calculations. 
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Table [13]: Unit root test on the exchange market shocks in volatility-Lee and Strazicich (2003 and 2004) 

Variable LM test for 
stationarity 

LM 
critical 
point  
 

1BT
 

2BT
 k  

Result- 
Considering 
both the level 
and the trend 
breaks 
shown in the 
table 

Result- 
Considering 
just the level 
breaks 

2
tSEh  

-9.7910 -5.67 
Aug-08 (0.5315) Aug-09 (06396) 

0 S-two trend 
breaks  

S-two level 
breaks B1(t) D1(t) B2(t) D2(t) 

0.5321 2.3151 -0.0944 2.1869 

2
tKEh  

-6.5139 -5.67 

Jab-08 (0.4684) Sep-09 (0.6486) 

11 

S-two trend 
breaks and 
one level 
break 

UR- two 
level breaks 

B1(t) D1(t) B2(t) D2(t) 

-3.0351 6.1976 1.1171 -6.1037 

2
tUEh  

-10.4341 -5.67 

Feb-08 (0.5675) Dec-08 (0.4774) 

0 S- one level 
break 

S-no level 
breaks 

B1(t) D1(t) B2(t) D2(t) 

-0.6051  
1.2365 -2.2273 -1.7595 

2
tGEh  

-6.1158 -5.73 
Dec-08 (0.5675) Sep-10 (0.7567) 

7 
S-two level 
and trend 
breaks 

UR-one 
level break B1(t) D1(t) B2(t) D2(t) 

14.5900 -6.2811 -2.7715 6.1547 

2
tJEh  

-9.3164 -5.67 

Oct-08 Apr-09 

3 
S- two level 
and trend 
breaks 

UR-one 
level break  

B1(t) D1(t) B2(t) D2(t) 

11.1263 -7.8626 -7.8990 8.8507 

 Monthly data series are applied over the period of October-2003 to January-2013. 
Source: IMF-IFS and author calculations. 
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