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Abstract: One of important subjects considered in models of economic growth is convergence 

hypothesis. It posits that if different regions have identical levels of log-term equilibrium per capita 

GDP, the poor regions would have higher rate of per capita GDP growth than rich ones. Therefore the 

more poor regions would converge towards richer regions in terms of economic conditions. However, 

since determining factors for long term per capita GDP is not the same in all of regions, the 

conditional convergence is suggested. This hypothesis states that farer regions from long term per 

capita GDP would have higher rate of per capita GDP. Since determining factors on economic growth 

can influence on convergence process, the impact of consuming petroleum products as a determining 

variable on economic growth has been studied. The model of Barro and Sala-I-Martin was applied in 

order to examine convergence and the impact of consuming petroleum products on convergence and 

also reduction of regional inequality among Iran's provinces from 2000 through 2011. Results 

indicated that there is an unconditional convergence among Iran's provinces and also variables of 

gasoline, diesel, and Mazut (fuel oil) have significant impact on economic growth and lead to 

negative convergence among Iran's province. Hence, respecting these results it can be concluded that 

using energy subsides cannot reduce regional inequality.  
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1. Introduction 

Achieving to economic growth and development has been regarded as one of 

important economic purposes. According to historical point of view, growth 

hypotheses was initialized by an article by Ramsay in 1928 and continued by 

people such as Harrod (1939) and Domar (1946) and then Solow-Swan (1956) 

completed related issues of neoclassic growth, however growth analyses and 
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implications had not been considered until mid-1980s. By advent of 1970s till 

1980s, most of advanced economics and subsequent developing countries got 

reduction of economic growth and especially growth of efficiency. This subject led 

to respecting macroeconomic growth analyses, which at one side caused 

considering endogenous growth models and on the other hand it led to deliberate 

exogenous growth models or neoclassic growth models theoretically and 

empirically. Unlike neoclassic growth models that consider technical progress to be 

as exogenous, endogenous models posits technical progresses to be as endogenous 

and seek for some factors for explaining knowledge production. 

Besides these analyses, convergence hypothesis has been extracted from neoclassic 

growth model. This hypothesis states that different regions are getting converged 

towards a level of stable balance. Whether this stable balance is common or 

different, then the concepts of absolute and conditional convergence are shaped. 

Absolute convergence states that if different regions have identical long term 

equilibrium per capita GDP, then the poorer regions (with lower actual GDP) 

would have higher rate of per capita income growth than richer regions (with 

higher actual GDP). Therefore, poorer regions get closer to the richer regions in 

terms of economic conditions. But since determining factors of long term per 

capita GDP (parameters of growth model) are not the same in different regions, 

conditional convergence would be posited. This hypothesis states that farer regions 

from long term per capita GDP would have higher rate of per capita GDP growth. 

One of important features of developing countries is the presence of dichotomy 

among different regions. Some of them, which are big cities, are higher level of 

development and per capita income would be more. Researchers done in Iran 

indicate difference among different province in terms of economic development 

and removal of dichotomy among different provinces and balanced development is 

among objectives of country's developmental plans. The requisite for achieving to 

this purpose is higher speed of growth in undeveloped and poor regions towards 

developed and rich ones, which has been regarded as convergence hypothesis in 

growth models.  

According to various economic schools, work force and capital (including 

professional and non-professional) are considered as most important factors for 

economic growth at growth functions. In new growth theories, the factor of energy 

is also introduced, which is recognized  under title of energy carrier including 

petroleum products, electricity, gas, etc. this hypothesis states that consuming 

energy carriers are effective on economic growth and subsequently on convergence 

speed. Therefore, in the case of proving this hypothesis, it can be concluded that 

injecting indirect subsidies of energy by government into poor regions through 

keeping prices level low and increasing incentive of consumption can influence 

upon regional economic growth and speed of regional convergence. 
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 Respecting mentioned issues, the main question of present is raised: is there any 

convergence among provinces of Iran? And what kind of effect do consuming 

petroleum products have on convergence among Iran's provinces? 

This research examines the hypothesis for Iran's provinces from 2000 through 2011 

using the model of Barro and Sala-i-Martin. Remaining parts of study are presented 

as; first a brief review of growth and convergence would be presented, then a 

review on previous studies would be provided and finally an introduction of data 

and hypothesis testing and conclusion would be brought. 

 

2. A Review of Growth and Convergence Theories 

One of obtained results from economic growth models id economic convergence 

hypothesis. It states that economics with lower income towards economics with 

higher income would tend to faster rates of growth. 

Convergence hypothesis is the natural result of neoclassic homogeneous of 

production function degree 1 towards two inputs of work force and capital. Also, 

after stating convergence hypothesis of Solo neoclassic growth model, this 

hypothesis is generated into endogenous growth models. Based on convergence 

literature, if economics get closer to a stable balance level from per capita income, 

absolute convergence would be appeared. If they get converged to their stable 

levels, conditional convergence would be established. According theory of 

neoclassic models, convergence is examined through income level and growth rate.  

Here, convergence hypothesis is examined within theoretical frame of Ramsay 

model. In this model, it is assumed that households have infinite age; hence those 

levels of consumption and savings rate would be chosen that would maximize their 

utility. Therefore, rate of saver is no longer stable and it is a function of per capita 

capital of k. also, it is assumed that households are the same and grow along with 

constant rate of n growth, 𝐿(𝑡) = 𝐿(0)𝑒𝑛𝑡. In order to obtain convergence 

equations in this model, first it is assumed that production function of Cobb-

Douglas is presented as follows; 

(1) ŷ = 𝑓(𝑘̂) = 𝐴𝑘̂𝛼 

In this relation, y is effective per capita GDP, and k is effective per capita capital. 

According to this model, household utility function is as follows; 

(2) 𝑈 = ∫ 𝑢[𝑐(𝑡)]. 𝑒𝑛𝑡𝑒−𝜌𝑡𝑑𝑡
∞

0
 

In which  is time priority and >0. It is assumed that 𝑢′(𝑐) > 0 and𝑢′′(𝑐) < 0. 
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In close economics, savings are equivalent to investment and since saving is no 

longer a constant value, hence the equation of effective per capita capital growth 

can be written as: 

(3) 𝑘̇̂ = 𝑓(𝑘) − 𝑐̂ − (𝛿 + 𝑔 + 𝑛)𝑘̂ 

In which 𝒄̂ = 𝐶/𝐿𝐴,  is depreciation rate, g is technology growth rate, n is 

population growth rate; f (k) is the production function. 

Considering instantaneous utility function as (𝑢(𝐶) =
𝐶1−𝜃

1−𝜃
  , (𝜃 > 0 , it is called 

utility function with constant relative risk aversion or a function with constant 

elasticity of substitution between periods. By applying first order condition of 

maximizing utility function of per capita consumption growth rate can be 

calculated with Euler equation; 

(4)           
Ċ

C
= (1

𝜃⁄ )[𝑓′(𝑘) − 𝛿 − 𝜌] 

In this equation, the relation between 𝑓′(𝑘) and (𝛿 + 𝜌 indicates that pattern of 

household consumption is increasing, decreasing, or fixed. At the state of stable 

balance, variables of efficient per capita (𝑘̂, 𝑦̂, 𝑐̂)have growth rate of zero. Per 

capita variables of (k, y, c) would grow along with g and level of 𝑘̂ at the state of 

stable balance can be obtained through the following relation; 

(5)             𝑓′(𝑘̂∗) = 𝛿 + 𝜌 + 𝜃𝑔 

Using log linearization of Eqs:3 and 4, transitional dynamics can be explained near 

stable balance. In order to determine mean growth rate of y between zero and T, 

the following relation is applied:  

(6)               
1

T
log (

𝑦𝑇

𝑦0
) = 𝑔 +

(1−𝑒−𝛽𝑇)

𝑇
. log (

𝑦̂∗

𝑦̂0
) 

In their researches from 1990 through 1995, Barro- I- Sala applied the following 

equation for determining β on convergence in European and American states:  

(7)            
1

T
log (

𝑦𝑇

𝑦0
) = 𝐶 −

(1−𝑒−𝛽𝑇)

𝑇
. log(𝑦0) + 𝑢𝑡      , 𝑢𝑡 = (0, 𝜎2) 

  𝐶 = 𝑔 +
(1 − 𝑒−𝛽𝑇)

𝑇
. log(𝑦∗) 

In this relation, 𝒚𝟎 refers to per capita income in 1st year, T is the number of years 

during entire period, 𝑦∗ refers to equilibrium per capita income. In Eq.7, intercept 

of c indicates economy's long term growth rate. In the equation above, positive 

parameter β indicates balance speed towards stable balance, which is obtained from 

the following relation:  
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(8)    2β = {𝜓2 + 4(1 −
1−𝛼

𝜃
)(𝜌 + 𝛿 + 𝜃𝑔)[

𝜌+𝛿+𝜃𝑔

𝛼
− (𝑛 + 𝛿 + 𝑔]}

1

2 − 𝜓  

In which;  𝜓 = 𝜌 − 𝑛 − (1 − 𝜃)𝑔 > 0 

The higher value of β means more interaction between mean growth rate and 

difference between log (𝑦̂∗) and log (𝑦̂0). This convergence is running with more 

speed towards stable balance. In order to make convergence, β should have 

positive sign in the Eq.7. it means that reverse relation between initial state and 

mean growth rate is present during the period. In other words, those regions with 

lower initial income would have higher growth rate towards regions with higher 

rate of initial income. However, negative β means divergence of per capita income, 

hence the gap between poor and rich regions would be higher along with time. 

It should be noted that other regional differences are not considered in the 

mentioned equation. This equation is known as absolute convergence equation, in 

which coefficient refers to absolute convergence speed among regions. But 

respecting this point that different region based on many social, economic, political 

parameters, hence factor c would be different among different regions. Considering 

other parameters measurable in regression, the equation absolute convergence is 

converted into conditional convergence as follows:  

(9)     
1

T
log (

𝑦𝑇

𝑦0
) = 𝐶 −

(1−𝑒−𝛽𝑇)

𝑇
. log(𝑦0) + ∅𝑉 + 𝑢𝑡 

In which V represents vector of other regional variables such as policy (the way of 

economic management), cultural and social (difference in language, population 

distribution, et c), regional (geographical situation), economic (income and savings 

level), and political (degree of political stability and the way of governance) 

variables. In this equation, conditional convergence and its factor 𝛃 represent speed 

of conditional convergence among regions. 

In order to examine the impact of petroleum products consumption on regional 

convergence, conditional convergence would be applied, in which consumption of 

petroleum products are considered as variables at right side of regression. 

 

3. A Review on Experimental Studies 

Convergence hypothesis is considered as the most important obtained results from 

neoclassic growth pattern, introduced in to experimental studies by works of Barro- 

I-Sala during 1990s. forst studies upon convergence were done for income rates, 

which examined the relation between per capita growth rate among regions and 

their per capita initial income. But by appearing some problems on explaining the 

reasons behind observing different income rates among different regions and 

countries, some issues related to effective factors on growth were examined. 
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Bergstrom (1998) examined the process of regional convergence upon 24 regions 

in Sweden from 1945 through 1990 and confirmed convergence hypothesis of per 

capita income in these regions. Convergence speed (conditional) was 0.055 

indicating removal of 5.5% of gap in per capita income each year. 

Zhsng, Litu, and Yao (2001) studied convergence of regional per capita income 

among China regions applying time series method (considering structural failure or 

not considering structural failure) for duration 1952-1997. Results showed that 

each region is converging towards its balance point. In this state, Gini factor was 

decreasing for each region and Gini factor was increasing among regions. 

Moreover, by inserting structural failure, they found out a shock in regions' per 

capita income. 

Dunaway, Kaufman, and Steven (2003) studied convergence and the role of 

government policies. This research was done upon provinces in Canada from 1961 

through 2000. Results indicated that convergence hypothesis is confirmed for these 

provinces. In order to show conditional convergence and the role of government 

policies, the system of instantaneous equations were applied, 

Pedroni &Yao (2006) examined regional inequality among China provinces 

applying panel data model. Evidences showed that since economic reforms of free 

trade from 1978, China provinces have had economic growth and divergence has 

been increasing among these provinces. 

Fleisher and Zhao (2010) have studied the impact of human capital, infrastructure 

capital, foreign direct investment (FDI) on regional inequality and economic 

growth in China. Results indicated that investment on infrastructures had higher 

outputs in eastern regions of China and human capital has had a positive effect on 

production and efficiency growth of production factors among provinces. In whole, 

investment on human capital would reduce regional inequality in less developed 

regions and foreign direct investment would have more impact on production prior 

to 1994 than after that, due to increasing support and accomplishments of private 

and semi-private business units. 

 

4. Model Estimation 

In this part, required data for estimating model would be explained based on 

experimental models and a brief description upon the way of collecting them would 

be presented. Next, based on experimental model and present data, the model 

would be estimated and obtained results would be explained. 
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4.1. Data Explanation 

During present study, sectional data for 28 provinces in Iran would be applied. 

Data used in this study consists from actual GDP for Iran's provinces and 

consumption petroleum products. Data on GDP in these provinces was obtained 

from provincial data for Iran statistical center. Since figures are nominal and in 

spite of inflation, it is possible to observe misleading data, hence a price index is 

needed for deflating in each province, for which consumption price index (CPI) 

was obtained from annual statistics of central bank. On the other hand, since 

convergence test is conducted using per capita data, related data for provinces' 

population was collected for statistics center. Then, by dividing actual income in 

estimated population for each province, the value of actual per capita income is 

obtained, in Iran; data from GDP from 2000 through 2011 are available. Therefore, 

convergence is calculated during this period. Since in some models of economic 

growth consumption of energy carriers are known as one of important growth 

factors, the variable of consuming energy carriers has been considered in this 

model, whose data was obtained from international energy study institutions. 

Respecting data as sectional data, the method NLS is used for estimating model. 

Some provinces have major petroleum resources. In this regard, a dummy variable 

is considered in the equation. The figure1 is regarded for these provinces and zero 

is considered for other provinces. Oil-rich provinces were Ilam, Bushehr, 

Khuzestan, and Kohkiluyeh and Bouyer Ahmad. 

 

4.2. Experimental Estimation 

Since, households and factories of regions in a country incline towards a similar 

culture and technology and all of regions have a common central government, 

hence they would have shared institutions and legal system. Therefore, non-

conditional convergence or absolute convergence among different regions of a 

country towards other countries is more likely. First, regardless regional 

differences, absolute convergence can be estimated among Iran's provinces using 

Barro and Sala -I-Martin method as follows;  

(11) (
1

11
) log [

𝑟𝑝𝑜𝑔𝑑𝑝90

𝑟𝑝𝑜𝑔𝑑𝑝79
] = α0 − [

1−exp(−11∗𝛼1)

11
] ∗ log(𝑟𝑝𝑜𝑔𝑑𝑝79) +

𝛼2𝐷𝑈𝑀 + 𝑣𝑡   , 𝑣(0, 𝜎2) 

In this relation, log [
𝑟𝑝𝑜𝑔𝑑𝑝90

𝑟𝑝𝑜𝑔𝑑𝑝79
] represents actual rate of per capita income growth at 

the end of period towards actual per capita income from the beginning of period 

and log(𝑟𝑝𝑜𝑔𝑑𝑝79) refers to actual per capita income log form the beginning of 

period and DUM is a dummy variable for oil-rich provinces and 𝜶𝟏 is speed of 

absolute convergence. Obtained results from estimation are presented in the 

following table. 
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Table 1. Results of non-conditional convergence with Barro and Sala -I-Martin 

method 

𝑹𝟐 𝜶𝟐 𝜶𝟏 𝜶𝟎 equation 

33/0  050/0  

(00/3)  

050/0  

(33/0)  

003/0  

(30/00)  

Equation.10 

Source: Research finding 

Figure in the parentheses represent t value for coefficients that by comparing them 

with present values in the table t, it can be claimed that coefficient rpogdp79 has 

required significance level. Therefore, first there are some evidences implying 

absolute convergence among Iran's regions. Factor of convergence speed 𝜶𝟏 is 

positive with value of 0.052. Hence, the relation between initial state of provinces 

and their growth has been negative; hence poorer provinces have more growth than 

richer provinces. Therefore, according to definition of absolute convergence, these 

provinces are converging towards a common level of stable balance. Second, 

convergence speed among provinces equals 0.052. It means that 5.2% from gap 

between regions is reduced to the balance point. Petroleum dummy variable is 

positive and significant; indicating that availability of oil in some provinces has a 

positive effect on growth in these provinces. Obtained 𝑅2 indicates that only 33% 

of changes in actual per capita growth rate are justified by initial actual income 

rate. Therefore, other factors are effective in explaining growth, which have not 

been elaborated here. One of them is energy consumption. In order to answer 

whether variables of consuming petroleum products (gasoline, diesel, Mazut (fuel 

oil)) are effective on process of convergence, it is needed to examine individual 

effect of each on economic growth and speed of convergence. As explained before, 

economies don’t have equal parameters and it may be different rates of savings or 

other various parameters. Hence, appeared convergence is called conditional 

convergence. In order to estimate this kind of convergence, different variables can 

be inserted at the right side of equation. These represent other factors effective on 

per capita production growth rate. In this regard, the variable of per capita 

consumption of petroleum products would be considered individually for 

examining the impact of each variable on actual per capita convergence and 

growth. Final equations are as follows and respecting results for each are provided 

in table.2. 

(11)   (
1

11
) log [

𝑟𝑝𝑜𝑔𝑑𝑝90

𝑟𝑝𝑜𝑔𝑑𝑝79
] = α0 − [

1−exp(−11∗α1)

11
] ∗ log(𝑟𝑝𝑜𝑔𝑑𝑝79) + α2𝐷𝑈𝑀 +

α3𝑐𝑝𝑒𝑡 + 𝑣𝑡 

(12)   (
1

11
) log [

𝑟𝑝𝑜𝑔𝑑𝑝90

𝑟𝑝𝑜𝑔𝑑𝑝79
] = α0 − [

1−exp(−11∗α1)

11
] ∗ log(𝑟𝑝𝑜𝑔𝑑𝑝79) + α2𝐷𝑈𝑀 +

α3𝑐𝑘𝑒𝑟𝑜 + 𝑣𝑡 



ACTA UNIVERSITATIS DANUBIUS                                                    Vol 12, no 1, 2016 

 22 

(13)   (
1

11
) log [

𝑟𝑝𝑜𝑔𝑑𝑝90

𝑟𝑝𝑜𝑔𝑑𝑝79
] = α0 − [

1−exp(−11∗α1)

11
] ∗ log(𝑟𝑝𝑜𝑔𝑑𝑝79) + α2𝐷𝑈𝑀 +

α3𝑐𝑔𝑎𝑠𝑜 + 𝑣𝑡 

(14)  (
1

11
) log [

𝑟𝑝𝑜𝑔𝑑𝑝90

𝑟𝑝𝑜𝑔𝑑𝑝79
] = α0 − [

1−exp(−11∗α1)

11
] ∗ log(𝑟𝑝𝑜𝑔𝑑𝑝79) + α2𝐷𝑈𝑀 +

α3𝑐𝑓𝑢𝑜 + 𝑣𝑡 

In these relations, Cpet refers to mean of per capita gasoline consumption, ckero is 

mean of per capita consumption for Kerosene, and cgaso is mean of per capita 

consumption for gasoil, and cfuo implies mean of per capita consumption for fuel 

oil. Estimation results of coefficients are presented in the following table. 

Table 2. Results of the effect of petroleum products consumption on convergence 

𝑹𝟐 𝛂𝟑 𝛂𝟐 𝛂𝟏 Intercept 𝛂𝟎 Equation  

55/0  
00/0  

(00/0)  

003/0  

(05/3)  

000/0  

(30/0)  

01/0  

(13/1)  
Equation11 

30/0  
00/0-  

(00/0-)  

050/0  

(0/3)  

015/0  

(31/0)  

00/0  

(30/3)  
Equation12 

51/0  
05/0  

(55/0)  

01/0  

(51/3)  

055/0  

(10/0)  

03/0  

(35/0)  
Equation13 

30/0  
035/0  

(51/0)  

015/0  

(53/3)  

010/0  

(50/0)  

0/0  

(000/00)  
Equation14  

Source: Research Finding 

Figures in the parentheses imply t value for coefficients that by comparing them 

with present values in the table t it can be claimed that at error level of 5%, 
𝛂𝟑 in Eqs.11 and 13 is significant showing effect of consumption variables of 

gasoline and diesel and at error level of 10%, 𝛂𝟑in Eq.14 implying effect of fuel oil 

consumption on growth is significant and positive sign indicates a direct relation of 

these variables with provinces' income growth. However, the effect of consuming 

kerosene on convergence (factor 𝛂𝟑in Eq.12) is insignificant. By considering 

consumption of kerosene in Iran it cab ne observed that domestic and industrial 

sectors have the lowest and the highest level of final consumption of kerosene, 

90.3, 0.5 respectively and since the effect of domestic sector is very trivial in GDP, 

hence increase of consuming petroleum products has not significant effect on 

economic growth. Consuming gasoline, diesel, and Mazut (fuel oil) in 

transportation and industrial sectors is significant, which can lead to increase 

provinces' income. Since per capita consumption in rich provinces is usually higher 

than poorer ones, hence it mean that divergence and more gaps can be appeared 

among provinces and as observed by considering these variables, speed of 

convergence increases from 0.053 to a higher value. Increase of 𝛂𝟏in Eqs.11, 13, 

14 imply negative effect on convergence between provinces. 
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Now by analyzing obtained results, in can be concluded that in spite of absolute 

convergence between regions, variables of consuming petroleum products as one 

of effective factors on economic growth not only has not reduced income gap, but 

also it has increased divergence. Hence, it can be claimed that subsides in the 

energy sector applied by government through reducing regional inequality have 

cause reduction of convergence with the aim of reducing prices for increasing 

energy consumption. It is obvious that by paying energy subsides by government; 

acceleration of convergence would not be effective because richer regions have 

higher rate of consumption and achieve higher rate of economic growth. 

 

5. Conclusion and Suggestions 

In examining the process of convergence between Iran's provinces and by 

respecting obtained results from estimated model, presence of non-conditional 

convergence between provinces was confirmed. Also, it was observed that 

provinces with speed of 0.052 per year are converging towards an equal level of 

stable balance, by which it would take 13 year to remove half of gap between 

current level of actual per capita income and stable balance level. 

In examining the impact of energy carriers on convergence, variables of consuming 

different kinds of energy carriers were added to the model. In the case of positive 

impact of consuming energy on convergence, it can be concluded that energy 

carriers result in reducing prices, through which increase of energy consumption 

would be observed that can have a positive significant impact on convergence. 

Finally, results showed that variables of consuming gasoline, diesel, and fuel oil 

have a positive significant impact on economic growth and convergence coefficient 

would be increased. However, since consuming these products in richer regions is 

higher than poor ones, hence it has a negative effect on convergence and reduces 

convergence. Therefore, it is obvious paying subsides by government cannot be 

effective on acceleration of convergence. It is suggested that since consuming 

petroleum products cause reducing convergence, hence reducing energy subsides 

may prevent wasting resources and also by substituting energy subsides for 

required construction costs for each province with the aim of using untouched 

capacities in the region economic growth and convergence acceleration would be 

possible. 
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