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ABSTRACT: There is more than 10-percentage point difference in the economic performance of Iran in roughly the two decades before and after the Islamic revolution in 1979. This paper aims to explain the difference. A standard measure of Total Factor Productivity (TFP) calculated at the aggregate level shows that over one-third of the difference in economic performance can be explained by the change in TFP growth rates in the two periods. The question is further pursued at the manufacturing level. A time-series cross sectional analysis of the manufacturing sector confirms that TFP growth rates fell after the revolution and did not recover anywhere close to their pre-revolution levels. The regression analyses show that in the manufacturing sector decreasing returns-to-scale and mark-up pricing behavior have developed A Tornqvist measure of TFP, corrected for market imperfections and non-constant returns-to-scale technology, is used to explain sources of productivity slowdown. The results show that manufacturing TFP increases with (i) private participation rate in economic activities, (ii) exports and (iii) plant turnover. And it falls with (iv) capital-intensity. 

Keywords: TFP growth, Institutional change, Manufacturing, Returns-to-scale, Imperfect competition 

1   Introduction

Iran was a textbook example of successful economic development in the 1960s and the early 1970s. From 1960 to 1977 real non-oil GDP in Iran grew on average by 10.6 percent, a rate that was exceptional before the rise of the Asian tigers. By the early 1970s income per capita in Iran was roughly twice that of Turkey or South Korea. But the picture is very different today. In 2004, GDP per capita in Iran was less than its level in 1970, 14 percent less than that of Turkey and nearly one-third that of South Korea (World Development Indicators 2006).

Some of the decline in per capita income can be attributed to the chaotic years of the revolution (1978-79), the war between Iran and Iraq (1980-88), and the lower oil revenues (see Figure 1). The war ended in mid 1989, the oil revenues were stabilized, and the economy started to grow again. After the war the growth of GDP per capita averaged 5.3 percent for the first four years, during which most of the war damaged infrastructure was reconstructed. But hopes of regaining the pre-revolution growth rates soon faded away as the economic growth slowed down in 1992. On average, from 1989 to 2004, non-oil income per capita in Iran grew by less than 3 percent per annum.

< Figure 1.  Real GDP per capita (log scale) >

The extent of change in economic performance in Iran is puzzling, particularly after the end of the war. Starting in the late 1980’s vast investment was made in physical and human capital.
 This is evident by the achievements made in literacy and school enrolment rates. The literacy rate rose from 43 percent in 1975 to 72 percent in 1996. In the same period, the number of students enrolled in the primary, secondary and tertiary education increased from 93, 45 and 5 percent to 98, 77 and 18 percent respectively
 (WDI 2002).  

The primary goal of this paper is to identify and explain the sources of economic growth and stagnation in Iran in its recent history. First, a broad picture of the economy is presented at the very aggregate level.  A simple growth accounting framework is used to identify the major sources of economic growth in Iran. The results show that lower TFP growth rates (actually negative) are responsible for a large part of the difference in economic performance in pre- and post-1979 period. The growth accounting exercise, however, does not provide any information as to what might have caused the fall in TFP growth rates. The above question is addressed by focusing on the manufacturing sector where more detailed data are available. In fact, manufacturing sector demonstrates a pattern of growth and stagnation similar to the entire economy. 

There are two main questions of interest here: what the TFP growth rates are in various periods and what are their determinants. Manufacturing TFP growth rates can be easily calculated using standard methods. However, Hall (1988) demonstrates that in the presence of imperfect completion and non-constant returns-to-scale, these estimates are biased. Hall (1988 and 1990) develops a technique by which TFP growth rates, mark-up pricing, and returns-to-scale parameters can be estimated. To explain variation in TFP growth, first a Tornqvist measure of TFP is calculated, then this measure is corrected for imperfect competition and non-constant returns-to-scale behavior using the parameters estimated in the previous stage. And finally, manufacturing characteristics are employed to explain variations in this adjusted TFP. 

The results show a significant difference in TFP growth rates in the two periods. TFP growth rates are substantially lower after 1979, even after the war. It seems that a structural change has occurred in the manufacturing sector after the revolution. The results indicate that manufacturing was competitive prior to the revolution, but after 1979 significant non-competitive behavior developed in some manufacturing sub-sectors. The regression analysis shows that manufacturing productivity increases with private (versus public) participation rate and exports, and it falls with capital intensity and entry/exit barriers.  

The rest of the paper is organized as the following. A growth accounting analysis of the aggregate economy is presented in section 2. The methodology of TFP estimation for the manufacturing sector is discussed in section 3. The data sources are discussed in section 4. The regression analysis of manufacturing behavior before and after the revolution is presented in section 5. A detailed analysis of manufacturing productivity and market structure behavior is discussed in section 6. Determinants of manufacturing TFP are discussed in section 7. And finally the paper is concluded in section 8. 

2   Sources of Growth: Aggregate Data

2.1   Growth Accounting at the Aggregate National Level

This section presents an overview of the performance of the Iranian economy before and after the revolution, using a growth accounting framework. To this end, consider the following Cobb-Douglas production function: 
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where Yt, Kt, Ht and Lt respectively denote output, physical capital, human capital and labor at the national level at time t. At denotes productivity level or TFP. Equation (1) can be manipulated to yield:

      (dA/A)t = (dY/Y)t – dK/K)t – (1-)[(dH/H)t + (dL/L)t]
  
(2)

Table 1 presents the growth rates of value added, employment, physical capital, the index of human capital and TFP in the non-oil part of Iranian economy. These figures are calculated for three periods: before the revolution 1966-77, the revolution and the war years 1978-88, and the post-war years 1989-99. Capital stock is estimated using perpetual inventory method (PIM).
 The index of human capital is obtained from Barro and Lee (2000). This represents average years of education obtained by the population fifteen years of age and older. TFP is calculated under two alternative assumptions for the capital elasticity of output. In one scenario, it is assumed alpha is equal 0.45 and in the other alpha is 0.33. The calculated TFP figures are rather sensitive to this assumption especially in the pre-revolution period in which the rate of capital growth is very high. The capital elasticity of 0.45 is consistent with labor shares in the 1984 Input-Output table in Iran. But no matter what factor shares are used, the basic message is the same: there is a huge difference between pre- and post-revolutionary performance of the Iranian economy.

< Table 1. Growth Decomposition in the Non-Oil Economy >

As evident in Table 1, there is a sharp contrast between the performance of the Iranian economy before and after 1977. From 1965 to 1977 the non-oil part of Iranian economy grew at a staggering rate of 12.1% per annum. In the following two decades (1978-99) this figure fell to 2.1%. What can explain this ten-percentage point difference? From Table 1, it is clear than lower capital accumulation is an important factor especially during the war years. Capital growth rates were indeed very high, averaging 16 percent during the 60’s and the 70’s. But they fell dramatically after the revolution. During the war years, capital accumulation rates (net of war damages) averaged 4.5 percent per annum. These rates improve after the war but they remain far below their pre-1978 years. In the post-war period, capital accumulation growth rates average 5.5 percent, that is over 10 percentage points lower than their pre-1978 levels. Lower capital accumulation alone can explain more than half of the 8-percentage point difference in the economic performance before the revolution and after the war (7.2 less 2.5 in Table 1). 

Human capital kept on growing after the revolution, especially after the war. From 1986 to 1996 the percent of student enrolment in primary and secondary schools as a share of people with eligible age increased from 60 to 75 percent (based on census data). During the same period the number of university students increased from 0.17 million to 1.19 million! These are impressive achievements indeed. But the question is whether they translate to economic growth. How much economic growth can be expected from these achievements in human capital? To translate years of education to human capital and eventually to economic growth the following Hall and Jones (1998) formulation is consulted:

H= e(E)

where H is human capital and the function (E) reflects the efficiency of a unit of labor with E years of schooling. Hall and Jones assume that for every year of education the efficiency of labor increases by 10 percent. It is assumed that from 1986 to1996, the years of education in the active population have increased by four years. Then a simple calculation shows that income per capita should have increased by 30 percent on the basis of growth in human capital alone. But income per capita in 1996 is about the same as in 1986. That means that either human capital accumulation was not all that effective in increasing labor productivity or some other factors reduced the productivity of labor (and capital) or both. 

Total factor productivity was increasing at nearly one percent a year before the revolution. But after the revolution a steady decline in TFP levels is observed. Lower productivity growth is perhaps understandable for the war period. However the extent of this productivity plunge is astounding. TFP fell over 6 percent per year during the 1978-88 period! If the war efforts or the destructions alone were responsible for the massive drop in productivity, one would expect to see a huge productivity recovery after the war. But the negative trend in productivity growth continues. The post-war TFP growth rate is on average 2.5 percentage points lower than those before the revolution. This explains one-third of the difference in economic performance in the two periods. 

< Figure 2. Oil Revenue (billion USD)> 

The rise of oil prices in the 1960s and the 1970s and then their fall in the 1980s and the 1990s is certainly part of the story. In the latter period, oil revenues were on average lower (in real terms) and more volatile compared to the 1970s (see Figure 2). A sizable part of the fall in aggregate TFP must be related to the higher cost of imported intermediate inputs in the 80’s (because of less foreign exchange). But lower oil revenue and the war cannot explain all of the productivity differentials; for if it did, a reversal of the productivity decline would have been observed in 1988 when the war ended and the oil revenues were on the rise again. But that is not the case. TFP growth rates are actually negative in the 1990’s. In addition, one has to bear in mind that oil revenues after the revolution, while somewhat lower compared to the 1970’s, were still substantially higher than their levels in the 1960’s when the Iranian economy was at its best showing.

Another possible explanation for low productivity is the U.S. trade sanctions followed by the 1979 hostage crisis. The sanctions hurt the oil and the airline industries the most. In the oil industry, sanctions resulted in less investment in exploration and extraction of oil reserves, which in turn led to lower levels of oil revenue. But lower oil revenue is already accounted for in our TFP calculations. The sanctions led to a more serious problem in the airline industry. The industry had difficulties maintaining its fleet, let alone expanding it. Consequently, the government resorted to the purchase of second hand Russian airplanes, which resulted in many tragic air accidents that continue to this date. But the airline industry constitutes a very small share of the Iranian economy, and cannot explain a sizable fall in TFP. In fact, outside of the defense, oil, and the airline industries, the United States was never a major trade partner with Iran even under the Pahlavi regime. Therefore, the sanctions do not seem to have played a major role in the productivity slide of the 80’s and the 90’s. And finally productivity growth rates could be endogenously related to capital accumulation rates. With lower investment one would expect lower productivity growth rates. But this does not explain negative TFP growth rates. The institutions and economic polices changed dramatically in Iran after the 1979 revolution and the establishment of the new regime. This may be the underpinning reason for the fall of productivity. 

The fall of TFP growth rates in the macro data indicates that perhaps the structure of the economy has changed after the revolution. A more disaggregated approach is needed to study the structural change of the economy. One approach is to pick a representative sector and study its productivity behavior in detail. In this respect, manufacturing seems to be the best candidate. Service is the largest sector in Iran (about 40% of GDP). But measurement of productivity in the service sector is notoriously difficult in any economy, let alone an economy like Iran with a large public sector and poor data. Oil is an important sector but by no means representative. In addition, productivity of that sector is strongly influenced by international oil prices and cannot be fruitfully employed to make inferences about the rest of the economy.  As for the agricultural sector, there is some anecdotal evidence that show productivity in that sector has actually increased. Thus, the manufacturing sector is chosen to explain the structural change in the Iranian economy. In fact, manufacturing is often the darling of policy makers in LDCs. It is viewed as the leading edge of modernization and a fundamental source of various positive spillovers, to the extent that growth in manufacturing productivity would be a good barometer of the health of the rest of the economy. 

< Figure 3. Manufacturing Value Added (billion 1982 rial-log scale)>


Figure 3 shows manufacturing value added in the 1959-98 period. There is a striking difference in the performance of the sector before and after the revolution. Manufacturing value added grew at an annual rate of 13.6% in the 1959-77 period. This rate fell to less than 1% after1979. Manufacturing growth rate was only 0.7% in the 10 years after the war. The difference is nearly 13 percentage points. How much of this is related to lower TFP growth and what can explain the change in productivity. These are the subjects of the rest of this study.    

3   The Methodology
The Harrison (1994) extension of the Hall (1988 and 1990) technique is employed here to estimate manufacturing TFP growth rates. Hall (1988) shows that the standard measures of TFP are biased in the presence of market imperfections. This technique provides a practical and straightforward method for empirically analyzing some aspects of market structure. To be more specific, the technique allows us to test for the presence of mark-up pricing and economies of scale. The technique also explains the determinants of the post-war TFP growth rates. This is done in three steps. First, a standard measure of TFP growth rates are calculated for 27 manufacturing sectors in the post-war years. Then the TFP measures are adjusted for market imperfections using the estimated parameters for mark-up pricing and economies of scale. Finally, a number of manufacturing characteristics are employed to explain variations in the adjusted TFP measures. 

The method used to measure manufacturing TFP is described below. Consider the following production function:

Qit = AitFi(Kit, Lit, Mit)

where i=1, 2, 3,...,n


(3)

Where Qit is output in sector i. Output is produced using three inputs: labor, Lit; capital Kit; and materials Mit.. Ait is an industry specific index of productivity level. Take logarithm and then differentiate

dlnQit= dlnAit + dlnLit(∂F/∂L)i(L/F)it + dlnKit(∂F/∂K)i(K/F)it

     
            + dlnMit(∂Fi/∂Mi)(M/F)it 



 (4)

Define αz as the elasticity of output with respect to input Z. That is 

αz = (Z/Q)(∂Q/∂Z) = (Z/F)(∂F/∂Z) 

Then (4) simplifies to

dlnQit= dlnAit +  αiLdlnLit +  αiK dlnKit +  αiM dlnMit 

 
 (5)

Using Euler’s theorem for Homogenous functions:

αiL+ αiK  + αiM = β




   

  (6)

Substitute for αiK = β - αiL- αiM and rewrite

dlnQit = dlnAit + αiL(dlnLit-  dlnKit) + αiM(dlnMit-  dlnKit) + β dlnKit
or


dlnQit = dlnAit + αiLdln(L/K)it + αiMdln(M/K)it + β dlnKit
  
(7)

Let µ denote the price markup of firm over marginal cost (mc) and θz denote the share of input Z in total revenue

µi=(p/mc)it  and  θiz= (wzZ/pQ)it
It can be shown that αiZ=µi θiz. Using this fact (7) simplifies to 

dlnQit = dlnAit + µi[θiLdln(L/K)it + θiMdln(M/K)it] + β dlnKit 
or
dlnQit = ixit  + i(dlnK)it + (dlnA)it




(8)

With xit = [θLdln)L/K) + θMdln(M/K)]it 

Equation (8) can be used to determine the degree of economies of scale and competitiveness of an industry. However, this equation suffers from an endogeneity problem since inputs and output are determined simultaneously. In order to control for at least part of this problem, the Hicks neutral technological change parameter is assumed to be a random variable of the following form:

Ait = Ai0 exp(itt) 
dA/A it =  it = ai + t + uit 





(9)

where Ai0 is the technological level of industry i in period 0, and it is the growth rate of technological change. Thus productivity growth of sector i in period t consists of an industry-specific growth rate, ai, and a period specific growth rate, t, which captures the macroeconomic shock which is common across industries in the same period, plus a white noise error term uit. Substituting equation (9) into equation (8) the following final form is obtained:

dlnQit = ai + t + ixit  + i(dlnKit) + uit



(10)

The sum of the estimated industry-specific effects and period specific effects (ai + t), can be interpreted as the expected growth rate of productivity of industry i in period t relative to the base year. This equation estimates TFP growth (TFPG thereafter) across various manufacturing sectors. 

However, a strategy is needed to explain variation in TFPG. The above method provides average TFPG over time and industries and not annual TFPG (due to degree of freedom concerns). In order to come up with a measure of annual TFPG for every manufacturing sector, a standard Tornqvist measure of TFP is calculated before making the necessary adjustment for non-competitive behavior. TFPG can be calculated from the following equation. 

dlnAit = dlnQit - [µixit + βidlnKit]   




(11)

That is TFPG, which is equal to the growth rate of output less a weighted average of growth rate of inputs.
 Using estimates of µ and β from equation (10), equation (11) is used to calculate annual adjusted TFPG for each industry. These times-series cross-section data on TFPG can subsequently be used to test for the determinants of productivity. 

Conceptually, the factors that can influence sectoral productivity growth are either common to all sectors or sector-specific. The following general equation is specified to test for the determinants of TFP growth rates: 

dlnAit =   i  + bZit  + uit  



      
 (12)
where dlnAit is a Tornqvist measure of TFP growth rate. Zit is a vector of certain characteristics of industry i at time t that can influence TFPG, i captures sector-specific productivity changes that vary over sectors but not over time, and b is vector of parameters and uit is an error term.

4   Data and Sources

To measure sectoral productivity growth rates data are necessary on output, the three factor inputs (labor, capital and intermediate inputs) and the factor shares. These data can be obtained from either the Iran Statistic Center (ISC) or the Central Bank of Iran (CBI). The ISC was established in 1965 and it has complied data on manufacturing activities starting 1971. The data are based on manufacturing census of large firms (firms with ten employees or more). The manufacturing data from the CBI contain a longer time series and it is inclusive of all firms large and small, but the quality of the CBI data is lower than that of ISC because they are based on small samples. Small firms are important in terms of employment in Iran. Ninety six percent of manufacturing firms in Iran have less than 10 employees but they produce only 16 percent of manufacturing value added (based on 1996 general census data). There is clearly a tradeoff here between longer time-series, inclusiveness and the quality of data. In this paper quality is given preference over the length of the time series. So, the data on the manufacturing output, employment, labor compensation (needed for calculating factor share) and intermediate input are those of the ISC.  

The manufacturing data from ISC can be classified into three periods: 1971-76, 1979-92 and 1993-98. In the 1971-76 period the data are available for two-digit industry groups (ISIC Rev. 2). In the 1979-92 period the data are available for 27 industry groups (3 and 4 digit ISIC Rev. 2). The classification changes in 1993. In the 1993-98 period the data are in ISIC version 3. To create uniformity all the data are converted into ISIC version 2. Data for the two missing years, 1977 and 1978, are obtained from CBI and rescaled to the CSI data. This way the data consist of 27 years of observations for 7 industrial groups and 18 observation points (1980-98) for the 27 industrial groups.    

At the time of the study no official estimates of manufacturing capital stock was available. There were some unofficial estimates from various government offices (the Iranian Planning and Budget Organization, and the Economic Bureau of the Central bank of Iran). The estimates differed from each other by wide margins and the methodologies used were not verifiable. Capital stocks differentiated by type (machinery and equipment, structure, and the other) are constructed using the version of perpetual inventory employed by Jacob, Sharma, and Grabowski (1997). In the computation it is assumed that buildings last 35 years and machinery 17. The data on manufacturing investment are obtained from the ISC (for the 1971-1998 period) and the CBI (for the pre-1971 period and the two missing years in the ISC data). The data on price deflators are from the CBI.


 In the absence of producer price index (PPI), manufacturing, output and value added data are deflated using wholesale price index (WPI). The items on WPI are limited, and the definitions do not quite match with those of industrial classification. To match the two definitions, a new index using the 1986 Input-Output table is constructed. Then the constructed price index is amended with the PPI series from1990 onwards with proper scaling
.

5 TFP Growth, Returns-to-Scale, and Mark-up Pricing  

5.1 TFP and Market Structure Before and After the Revolution

This section presents various applications of equation (10).
 The estimation process begins with a look at the behavior of the manufacturing sector as a whole. It is assumed that all the manufacturing sectors have the same productivity growth, returns-to-scale and the same mark-up pricing behavior (a = ai, = i and i for all i =1,7). The results of this regression using weighted GLS method is presented in Table 2
. 

< Table 2.  Estimations of Mfg. TFP growth, markup and returns-to-scale >

Note that the coefficient of the 1978 dummy variables pick up the negative productivity shock of the revolution, and those of 1986 and 1987 pick up the destructive effects of the last two years of the Iran-Iraq war. In these two years alone Iranian manufacturing suffered 29 percent productivity loss. The war ended in the summer of 1988 and some of these productivity losses were recovered in the second half of 1988. The average of the time dummy variables measure average annual TFPG in the manufacturing sector. The expected TFP growth rate of manufacturing for the entire period is nearly zero (0.04%). Note that annual manufacturing TFPG was 4% before the revolution but it averaged only 1% in the 10 years after the end of Iran-Iraq war.  Coefficients of x and dlnK respectively measure returns-to-scale and markup pricing. The estimates of these coefficients indicate the presence of slight markup pricing and decreasing returns-to-scale. However the null hypothesis of perfect competition or constant returns-to-scale cannot be rejected at 95% significance level for the entire period. 

Next, the data are divided into pre- and post-revolution periods, and the regression is run again to see if there is any meaningful difference between the two periods in terms of the market structure. The results are presented in Table 3. A joint null hypothesis of perfect competition and constant returns-to-scale cannot be rejected for the pre-1979 period but the null is rejected for the post-1979 period (at more than 95% confidence level). A single hypothesis of perfect competition and constant returns-to-scale is rejected at more than 90% confidence level for the 1979-98 period. 

< Table 3. Estimations of Mfg. TFP growth, markup and returns-to-scale >

The aforementioned results are based on seven manufacturing sectors (2-digit ISIC data). These results are reinforced and complimented by regression on 27 manufacturing sectors (recall that the 3-digit industrial disaggregation is available for years after 1979). The results of this regression show that mark-up pricing has become a prevalent practice in the manufacturing sector since 1979. To test for the significance of non-CRS technology and imperfect competition a Wald test was conducted. The null hypothesis of perfect competition (PC) and the joint hypothesis of PC and CRS are both rejected at more than 99% confidence.

The emergence of markup pricing and decreasing returns-to-scale in the manufacturing sector needs to be understood in the light of political economy of Iran after the revolution. The 1979 revolution brought about large-scale expropriation and reallocation of properties. All banks, insurance companies and an overwhelming share of large industries were nationalized. The custody of a large number of these firms was given to a set of revolutionary foundations called “bonyad” in Persian. These foundations were originally created to preserve the Islamic principles and help the poor. But now they are semi-independent conglomerates that are involved in various economic and charitable activities. Not much is known about these institutions. The president of a “bonyad” is directly appointed by the supreme leader and is answerable only to him. These foundations receive some funding from Management and Planning Organization (without presenting any balance sheet of their operations). They have easy access to low-cost nationalized bank credits and cheap foreign exchange allocation.
 Salehi Esfahani,and Taheripour (2002)  show that interest subsidies averaged 10.6 percent of GDP in the post-1979 period while in the pre-1979 period it was only 2.4 of GDP. Foreign exchange subsidies averaged 18.9 percent of GDP after the revolution while it was only 1.6 percent of GDP before 1979.  The bulk of these subsides are received by public firms, “bonyads” in particular. 

Much of public investment in Iran is made via public firms in the name of “development projects”. It is only natural that public firms, especially those in bonyads get the most lucrative contracts. In fact investment decisions (or even industrial and public policies) are often made under the strong influence of bonyads and their patrons. Despite all these favorable conditions a large number of these firms are loss making and highly dependent on government subsidies. From 1994 to 1999 the financial losses of selected state enterprises amounted to 51 percent of their total revenue, which is equivalent to 2.7 percent of GDP over the period (IMF 2002 and 1999 reports). Many State Owned Enterprises (SOEs) in Iran, particularly the ones in “bonyad” serve to further the state’s economic policy and to solicit political support. In return they create rent.  The presence of decreasing returns-to-scale could in fact be a reflection of inefficient public management and intense rent seeking activities in the manufacturing sector in Iran.
 

According to the ISC data over 50% of manufacturing value added (firms with 10 or more workers) is produced in public firms (65% in 1989 and 53% in 1998). But the share of public sector is much larger than these figures would suggest. In the ISC definitions the firms controlled by revolutionary foundations or the parastatal firms indirectly controlled by government agencies are considered to be private while in fact they are public. According to an IMF (2000) estimate the SOEs in the industrial sector alone accounts for 70 percent of sector’s value added which is equivalent of 15 percent of GDP. 

Private firms are typically very small in Iran. Ninety six percent of manufacturing firms have less than 10 workers (typically two to three) of which 90 percent are private. But these firms are not represented in regression analysis conducted for this study. Instead data for the analysis comprise the remaining four percent of the firms that produce nearly 85 percent of manufacturing value added. These firms specially the larger ones are typically public. Then it seems that the expansion of the manufacturing sector represented by this data set is synonymous to the expansion of the public or the parastatal firms. One of the striking features of manufacturing in the post-1979 era is that private firms are small and remain small while public firms are large and grow larger. Outside the friends and relatives of ruling elite one can hardly find any success story of a small business growing large in the post-1979 period while there are numerous of such stories in the pre-1979 period. 

Private firms have difficulty growing in Iran for a host of reasons including restrictive administrative regulations, unpredictability of government polices and political factors. Once a private firm grows larger it becomes a subject of various sabotages. If the firm shares its fortune with an influential patron then perhaps it can quickly grow. But this is a very risky affair because if the patron looses his influence or faces competition from a stronger political force, then the private firm can loose its entire livelihood; for he is considered to be an outsider and ultimately expansible. That is why private firms do not grow beyond certain threshold in the post-1979 Iran. That does not mean that they cannot accumulate wealth. Successful firms often divest their resources to other small-scale activities (typically real estate). As a result small firms do not reach their optimal size and thus remain inefficient. 

The large public firms in Iran are typically inefficient to begin with and they become even less efficient as they grow larger. The managers of public firms typically come from revolutionary guard, the security services or close relatives of the ruling elite. Some of these individuals run their own private firms after their service in the public sector. But the key to business success is the ability to gain access to economic rent. In this environment some firms can grow larger and create lucrative rent for their operators (thanks to the resources made available from the sale of oil reserves) without ever generating growth for the entire economy. 

6   Adjusted TFP Growth Rates

Estimates of annual sectoral TFPG are needed to explain their variation over time and across industries. An annual Tornqvist measure of TFPG can be easily calculated. But in the presence of market imperfections (i.e., µ and β different than 1) these measures are biased. Using equation (11) is used to make this measure unbiased. The markup and economies of scale parameters (µ and β) are estimated with equation (10).  Using the seven-sector data set the estimates for two time periods are illustrated in Table 4.
 

< Table 4. Estimations of Mfg. TFP growth, markup and returns-to-scale > 

 
These estimates are used in computation of manufacturing TFPG adjusted for market imperfections.  Sectoral TFPG in the pre-revolution period (1972-77) averaged 3.9% per annum which is quite impressive by any standard. During the revolution and the 8-year war productivity growth fell by an average of -1.5% per annum. With the war ending in the summer of 1988, productivity growth picked up once again after 11 years of decline.  For the first three years immediately after the war manufacturing TFPG averaged 3.7% per annum. These years are known as reconstruction period in Iran when the bulk of war damaged infrastructure was rebuilt allowing for a better utilization of the existing excess capacities in the manufacturing sector. 

The total manufacturing TFPG for the post reconstruction period of 1991-98 is only 0.86% per annum. For the pos- war period, alternatively the 27-sector data set can be used to estimate the parameters (µ and β) that make the necessary adjustment to the TFPG measures. The results are very close to those of 7-sector data set. The post reconstruction period is likely to represent the current trend in Iranian economy. The performance of the economy after 1991 can be viewed as the steady state condition of the post revolution policies in Iran. This is a period in which the state is politically stabilized and it is not faced with any significant internal or external challenges.  This is also a period in which the economy has recovered from much of the war damages. And yet the productivity growth rates are surprisingly low compared to the pre-revolution levels and compared to other less developed countries. Table 5 provides a basis of comparison of manufacturing TFP growth rates across a sample of countries. The table shows that in the pre-revolution period TFP growth rates were within the pack of high growth countries.  

< Table 5. Comparative productivity growth statistics> 
7 Determinants of TFP

Now the determinants of TFP growth rates are explained using manufacturing characteristics for the post-war period.  In the last section a time-series of sectoral TFPG index was constructed. If a time series of industrial characteristics were available, it would have been possible to make inferences about the determinants of manufacturing TFP.  But at the time of the study only one manufacturing census was available for the post-war period, that of 1996. So, the data for this paper consist of estimates of annual TFP growth rates for the 1989-1998 year and a single observational point on manufacturing characteristics. Therefore, while time series data are out of question, it is still possible to conduct a cross-section analysis. The dependent variable is the average of 1989-1998 TFP growth rates; this allows 27 observations for 27 manufacturing sectors.  As for the explanatory variables, two different sets of data are used. One set is obtained from the 1996 manufacturing census data. These are variables such as export share of value added, private share of output, R&D share, the share of employees with at least a high school diploma, and so forth. The other set is constructed using the underlying data of our TFP regressions. These are variables such as capital-labor ratio in 1989, number of firms (in thousands) in 1989, and the percentage change in the number of firms in 1989-1998. 

The starting point is a regression of the “standard” TFP growth rates (dlnTFP). This measure of productivity growth is grossly biased; nevertheless, the regression can be used to check for the significance of the bias. The following explanatory variables are employed in the regression:  private share of output in 1995 (PVTQS), export share in 1995 (EXPS95), capital-labor ratio in 1989 (KLR89) and percentage change (in absolute terms) in the number of firms in the industry from 1989 to 1998 (PCNF). The PCNF is a measure of plant turnover. It signifies the ease in which the firms can enter and leave the industry and hence is an indicator of competitiveness. A weighted cross-section least squares method is employed using sectoral value added shares as weighting series. The results are as follows (t-statistics in parentheses):

dlnTFP = -6.62 + 2.51 PVTQS – 2.17 EXPs + 3.47 KLR89 + 3.32 PCNF
(14)


 
  (-3.1)
  (1.0)

 (-0.5)

(3.7)

(2.3)







N = 27,      Adj-R2 = 0.44

If instead a 10-year average of the adjusted TFP growth rates (dlnTFP*) are used as the dependent variable, the following results are obtained:

        dlnTFP* = -2.25 + 5.78 PVTQS + 12.96 EXPs – 1.69 KLR89 + 3.55 PCNF
     (15)



  (-2.1)
  (4.7)

    (6.4)

  (3.7)

  (5.0)







N = 27,      Adj-R2 = 0.73

A comparison of the two regressions shows that the one that employs adjusted TFPG is superior to the one that uses the standard TFPG. For the latter not only yields inferior explanatory power but more importantly it yields results that are potentially misleading. The regression in equation (15) implies that private firms experienced higher productivity growth rates. For every one percent increase in the private share of industrial output TFPG increased by 5.78%. Export oriented industries experience much higher productivity growth. That is, for every one percent increase in the export share of value added TFP growth rate increases by 13%. Equation (15) indicates that capital-intensive industries experience lower productivity growth. If anything one would expect the opposite, thinking that learning by doing in capital-intensive high-tech industries lead to a larger productivity growth. It is probable that such arguments have played a role in persuading the government to subsidize capital in the last three decades. Industrial investments have been subsidized through various foreign exchange and credit rationing schemes. In the 80’s and much of the 90’s imports of capital goods were heavily subsidized by implicit foreign exchange subsidies. The value of foreign exchange in the parallel markets at times was 20 folds larger than the official rate. This provided a huge rent to firms that enjoyed foreign exchange rations at the official rates. Large-scale public firms often enjoy sizable investment credit from public banks with negative real interest rates (and yet many of these firms have defaulted on their loans). 

And finally a positive coefficient of PCNF indicates that industries with higher plant turnover (higher entry and exit rates) experience higher productivity growth. That is, industries in a more competitive environment experience higher productivity growth. A number of sector specific characteristics such as the educational level of employees, research and development expenditure, years of employees experience and such were tried in regression equations (14) and (15) but none of them have a significant impact on TFPG. 

8   Conclusion

The study shows that one-third of the 8-percentage point difference in the performance of Iranian economy before the revolution and after the war can be explained by the productivity differential in the two periods. In the manufacturing sector, the productivity growth rate fell from an average 3.9% before the revolution to an average of 0.05% per annum after the revolution. Some of these productivity differentials can be explained by the chaos of the revolutionary era and the destruction of the Iran-Iraq war. But productivity growth did not reach its pre-1979 years even after the war. TFP growth rates in the 1990’s averaged only a fraction of its pre-1979 level. 

It seems that the structure of the manufacturing sector changed to non-competitive and decreasing returns-to-scale after the revolution.  The most notable change is the emergence and the expansion of parastatal firms.  The non-competitive behavior of these firms may have contributed to lower overall economic efficiency in Iran. Part of this change is reflected in the regression that could be explained in productivity by using a measure of Tornquist index of TFP corrected for market imperfection and non-constant returns-to-scale technology. The findings of the study suggest that higher of private sector and lower presence of parastatal firms can improve productivity. IN the current environment is it optimal for private firms to be small and remain small. A business environment that helps efficient small firms grow and compete with large incumbent firms can increase productivity. And finally, the results suggest that outward oriented polices can help firms to increase their export share and their by increase their productivity. 
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Figure 1.  Real GDP per capita (log scale)
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Figure 2. Oil Revenue (billion USD)

[image: image3.emf]$0

$5

$10

$15

$20

$25

$30

1960196519701975198019851990199520002005


Figure 3. Mfg. VA (billion 1982 rial-log scale)
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Table 1. Growth Decomposition in the Non-Oil Economy





    Before Revolution     Revolution and War   After the War


	
	1966-77
	1978-88
	1989-99

	Growth rate of
	
	
	

	   Value added
	   12.1
	    0.2
	   4.1

	   Employment
	     2.4
	     2.2
	   3.1

	   Physical capital
	   16.0
	     4.5
	   5.5

	   Index of human capital
	     5.7
	     5.6
	   3.5

	Contribution of factor input* 
	

	   Employment
	     1.3
	     1.2
	    1.7

	   Physical Capital Stock
	     7.2
	     2.0
	    2.5

	   Human Capital
	     3.1
	     3.1
	    1.9

	Growth rate of TFP 
	
	
	

	    = 0.45
	     0.5
	    -6.1
	    -2.0

	    = 0.33
	     1.4
	    -6.5
	    -2.1


*  Capita share  is assumed to be 0.45 based on 1984 Input-Output Table
Table 2.  Estimations of Mfg. TFP growth, markup and returns to scale

	Period: 1972-1998

	Estimation Method: GLS

	Total Panel Observation: 189

	Variables 
	Coefficient
	     T-statistics

	   x
	1.03
	18.34

	  dlnK
	0.84
	8.81

	Year dummy variable
	
	

	  1972
	0.05
	1.66

	  1973
	0.02
	0.82

	  1974
	0.06
	1.93

	  1975
	0.01
	0.27

	  1976
	0.05
	1.85

	  1977
	0.05
	1.70

	  1978
	-0.11
	-4.10

	  1979
	0.02
	0.69

	  1980
	0.02
	0.55

	  1981
	0.02
	0.79

	  1982
	0.00
	-0.10

	  1983
	0.03
	0.95

	  1984
	-0.01
	-0.27

	  1985
	0.00
	-0.05

	  1986
	-0.08
	-2.98

	  1987
	-0.21
	-7.76

	  1988
	0.13
	4.71

	  1989
	-0.03
	-0.93

	  1990
	0.08
	2.79

	  1991
	-0.02
	-0.66

	  1992
	-0.01
	-0.29

	  1993
	0.01
	0.40

	  1994
	0.04
	1.07

	  1995
	-0.01
	-0.31

	  1996
	-0.01
	-0.27

	  1997
	0.04
	1.41

	  1998
	-0.02
	-0.86

	
	
	

	R-squared
	0.83
	

	Adjusted R-squared
	0.81
	

	S.E. of regression
	0.10
	

	F-statistic
	28.87
	

	Durbin-Watson stat
	2.28
	 


Table 3. Estimations of Mfg. TFP growth, markup and returns to scale

	 
	7 sectors 
	27 sectors

	Period
	1972-78
	1979-98
	1980-98

	Estimation 
	GLS*
	GLS*
	GLS*

	Total panel observations      
	49
	140
	513

	 Variables 
	Coefficient/Std error (in parenthesis)

	    x
	0.88
	1.11
	0.96

	
	-0.09
	-0.09
	-0.06

	   dlnK
	0.92
	0.8
	1.14

	
	-0.1
	-0.12
	0.02

	
	
	
	

	R-squared
	0.89
	0.86
	0.80

	Durbin-Watson stat
	2.02
	2.24
	2.40


*Statistics of the dummy variables are not reported

Table 4. Estimations of Mfg. TFP growth, markup and returns to scale

	Period
	1972-1998
	1978-1998

	Estimation Method
	GLS
	GLS*

	Total panel observation
	189
	140

	Variables 
	Coefficient/Std error (in parenthesis)

	Markup in 
	
	
	
	

	   Food
	1.10
	(0.11)
	1.12**
	(0.09)

	   Textiles
	1.02
	(0.11)
	1.05
	(0.15)

	   Chemicals
	1.26
	(0.16)
	1.29
	(0.21)

	   Non-metallic mineral prod.
	1.06
	(0.17)
	0.99
	(0.20)

	   Basic metals
	0.79
	(0.15)
	0.67
	(0.18)

	   Machinery
	0.89
	(0.15)
	1.02
	(0.14)

	   Mfg. N.c.e.
	1.05
	(0.15)
	1.40**
	(0.15)

	Returns to scale in
	
	
	
	

	   Food
	0.69
	(0.26)
	0.51
	(0.34)

	   Textiles
	0.65
	(0.24)
	0.09
	(0.49)

	   Chemicals
	0.75
	(0.15)
	0.73
	(0.35)

	   Non-metallic mineral prod.
	0.96
	(0.19)
	0.53
	(0.38)

	   Basic metals
	0.71**
	(0.14)
	0.64**
	(0.15)

	   Machinery
	0.98
	(0.29)
	0.92
	(0.37)

	   Mfg. N.c.e.
	0.93
	(0.26)
	0.45
	(0.38)

	
	
	
	
	

	R-squared
	0.84
	
	0.87
	

	Adjusted R-squared
	0.80
	
	0.84
	

	Durbin-Watson stat
	2.21
	
	2.14
	


*Statistics for the dummy variables are not reported

** Different than one at 95% significance level. 

Table 5. Comparative productivity growth statistics
	Countries
	Period
	Average Annual TFPG (percent)
	Reference

	S. Korea   

S. Korea

Taiwan

Singapore

Malaysia
	1963-79

1971-89

1966-90

1986-95

1985-96
	6.1

3.7

1.4

4.0

3.4
	Dollar and Sokoloff (1990)

Moon, Jo Whong and Kim (1991)

Alwyn Young (1995)
Maison Abdullah el. al (2001)

Ower and Abdullah (2000)

	Iran

Iran

Iran
	1971-78

1988-98

1991-98
	4.0

1.8

0.06
	in the pack of high growth countries

not in the pack
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Notes


� Investment share of GDP is roughly the same before and after the revolution (on average this was 0.21 for both 1959-77 and 1979-99 periods). But this figure can be misleading. Much of the investment in Iran is made by public sector financed by the oil revenue. When oil revenue falls as in the 1980’s both public investment and GDP fall. But the investment-GDP ratio may not properly reflect the fall in investment.   


� On the investment in the educational system in Iran during the 1990’s, see the World Bank Report No. 13233-IRN: Islamic Republic of Iran: Education, Training and the Labor Market, 26 July 1996, pp. 23-56. 


� Capital stock is estimated using PIM. Investment figures are available by type (machinery and construction) starting 1956. Assumptions: Machinery lasts 17 years and construction 35 years: base year capital stocks are proportional to output: higher depreciation rates for the war period are based on estimates of the Plan and Budget Organization.


� For a discussion of the institutional changes following the 1979 revolution in Iran and a discussion of the type of polices followed see Mazarei (1996) and the economic policies 


� Note that under perfect competition and CRTS sum of factor shares, θZ, equals 1 but in general:           µ(θL + θK + θM) = β 


� The details of capital making are described in Mojaver (2006). Mohtadi, Jalali-Naini and Lin (2000) have provided an estimate of capital stock for 3-digit ISIC manufacturing sectors in Iran. The two estimates are comparable however there are some measurable differences that can be traced to the data sources and the methodology employed. For a detailed discussion of the methods see Mover (2006).


� A two-tier approach was also tried for deflating value added via creating yet another set of price indexes for intermediate inputs. But the results were disappointing.


� Since the variables are expressed in first difference they are expected to be stationary series. Nevertheless a series of unit root test was conducted on dlnQ, dlnK and x using two methodologies of LLC (Levin, Lin and Chu, 2002) and IPS (Im, Pesaran ad Shin 2003). Both methods strongly reject the hypothesis of unit roots for all three variables.


� Since there is large variation in the size of the sectors weighted GLS is used for estimation where the weights are value added shares of manufacturing sectors.  


� Bonyad Mosfazan va Janbazan (BMJ) is one of the largest conglomerates in Iran. According to its own Web page (� HYPERLINK "http://www.iran-bonyad.org" ��www.iran-bonyad.org�), “[BMJ is] presently the largest economic section in Iran, second only to government…[BMJ is] active in most outstanding industrial and business sectors: food and beverages, chemicals, cellulose items, metals, petrochemicals, construction materials, dams, towers, civil development, farming, horticulture, animal husbandry, tourism, transportation, five-star hotels, commercial services, financing, joint ventures, etc. Added to these, is the special legal status of “bonyad” which is considered to be the most unchallenged private enterprise in Iran.” BMJ alone is believed to own over 25 percent of the non-oil economy. Recently bonyads have been allowed to enter the financial markets and compete with the government in the banking system. 


� For more analysis of “bonyad”s see Alizadeh (2000). For an analysis of political economy of rent seeking activities involving “bonyad”s see Bjorvatn and Selvik (2007). 


� Estimates for 27 manufacturing sectors are conducted but results are not shown due to space limitation. 
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