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Abstract 
The importance of energy consumption in agriculture sector may never 

be ignored in developing countries. Keeping in view, the present study 

is aimed at analyzing the influence of energy consumption on 

agriculture sector of middle income developing countries. Following 

Solow growth model, the study considers panel data of middle income 

developing countries for the period from 1990 to 2014. All variables 

are estimated in US dollars calculated at year 2005 prices and log – 

log form of the equation is utilized for examining elasticity of 

agriculture sector with respect to energy consumption. Using Levin, 

Lin and Chu – unit root test, it is observed that variables are having 

mixed order of integration I (0) and I (1). In this situation, Panel ARDL 

technique is thought to be the most appropriate for econometric 

analysis. Panel ARDL Long run results exhibit that real agriculture 

sector output is enhanced due to energy consumption, GDP deflator, 

real government expenditure and real broad money while total labor 

force and real gross fixed capital formation is having inverse influence 

on real agriculture sector output in the long run. It is suggested that 

energy conservation policies should not be adopted by the middle 

income developing countries for acceleration of agriculture sector. 

 

Keywords:  Energy consumption, Agriculture Sector, Solow growth model, GDP 

Deflator, Government Expenditure, Broad Money, Panel ARDL. 

 

 

I. Introduction 
 Energy is considered to be the prime and significant factor for economic 

development and generation of wealth. Its importance is previously analyzed by various 

studies due to its role in improving standard of living and overall social well being of the 

society
1
. There is strong relationship between the rate of Growth in energy and the rate of 

economic growth
2
. However, energy is not the only factor that leads to economic growth 

but there are also labor force, capital accumulation, technical progress, resource 

availability and management as well. After 1970s, there have been intensive investigation 

                                                           
1 Nathwani et al., 1992 
2 Tiris et al., 1994 
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regarding the relationship between energy consumption and economic growth as energy 

consumption is a source of higher economic growth in the long run. Much ambiguous 

empirical evidences are available. After having analysis on this issue, mixed results were 

found due to different reasons like data set, set of countries, methodologies, time period 

selected etc.  

 

 Agriculture sector is highly dependent upon energy resources such as electricity, 

fuels, natural gas and coke like other sectors of the economy. There is increase in capital 

intensive technology and mechanization in agriculture sector that needs energy resources 

to be utilized extensively. The increase in energy use and its associated increase in capital 

intensive technology can be partially attributed to low-energy prices in relation to the 

resource for which it was being substituted
3
. For crop production, there is need of human, 

animal and mechanical energy in agriculture sector. There are direct and indirect uses of 

energy in which land preparation, irrigation, inter-culture, threshing, harvesting and 

transportation of agricultural inputs are the direct energy uses
4
. Energy use in 

manufacture, packaging, transport of fertilizers; pesticides and farm machinery are 

indirect energy use in agriculture sector
5
.  

 

 The role of energy use in agriculture sector was addressed in case of developed 

countries like US and Canada as well as European countries
6
 but not for developing 

countries due to data limitations. It is generally seen that governments do not focus on 

agriculture sector and there is lacking in rural energy development policies in developing 

countries. Another reason of low agriculture sector is that developing countries are 

emphasizing to expand industrialization as reached by developed countries. On the other 

side, rural population do not have any significant effect on politicians in developing 

countries due to their low education and poor coordination. 

 

 The issue of energy crisis was highlighted in 1970s and energy crisis was 

responsible to hike prices of energy up and also brought certain serious issues of 

development. Therefore, there was needed to focus on formulation and implementation of 

energy saving policies which could stimulate agriculture sector output and economic 

growth. Energy crisis of 1970s was responsible for diverting attention of policy makers 

towards the issue of energy with reference to economic development.  

 

 Keeping in view the importance of energy consumption with reference to real 

agriculture sector output, the objective of the study is to analyze the influence of energy 

consumption on agriculture sector output in developing countries. After discussing 

introduction in first section, second section reviews few studies related to energy and 

agriculture sector, measurement and estimation issues relating to panel data analysis are 

given in section three, fourth section is about discussion on econometric results, fifth 

section concludes the whole findings and lastly references are provided. 

 

 

II. Review of the Literature 

                                                           
3 Gowdy et al., 1987 
4 Singh, 2000 
5 CAEEDAC (2000), Ozkan et al. (2004), Kennedy (2000) 
6 Pachauri, 1998 
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 Energy and Growth relationships are investigated previously by several 

economists. These economists are belonging to either from Pakistan or from other 

Nations. This section summarizes few of studies comprehensively.  

 

 Several studies resulted that developed and intensified causality running from 

economic growth to energy consumption by applying granger causality technique
7
. Bi-

directional causality between energy consumption and economic growth had been 

accomplished by various economists
8
 by using Vector error correction technique. Many 

studies
9
 utilized  voluminous process e.g. error correction model, panel causality test, 

bootstrapped causality test approach, Johansen’s Maximum Likelihood method, pair – 

wise grange causality test, panel cointegration test, ARDL etc and they examined the two 

– way causality among energy consumption and economic growth. By using Granger 

causality, it has been obtained that GDP has been caused by energy consumption
10

. 

Vector error correction model had been used to show that economic growth was 

determined by energy consumption
11

.  

 

 Kraft and Kraft (1978) took initiative in the study of energy and economic growth 

where they used GNP of US and found its causal relationship with energy consumption. 

By utilizing annual data of 1947 – 1974 of US they found unidirectional causality ran 

from GNP to energy. After this study numerous other researches were conducted and 

now there is a lot of works on the topic of energy and economic growth and endless 

works and studies are waiting to come. 

 

 Dvoskin (1982) considered agriculture sector as mostly dependent upon energy in 

Israel. The author discussed that agriculture sector was so developed and 50 percent of 

energy used by Israel agriculture was only required to supply water to farms and water 

supply sector was the major buyer of electricity in Israel. There were energy crisis in 

Israel from many years. The study recommended that energy saving techniques may be 

used. Various alternative energy sources like Solar energy, utilization of cow manure for 

energy, wind power, heat from power plants, utilization of crop residuals, Geothermal 

energy and energy crops may also be utilized to solve energy crisis. 

 

 Ozkan et al. (2004) explored current and past trends in respect of energy use in 

agriculture sector or Turkey. Energy ratio was calculated for the period 1975 – 2000 

between output and input in Turkish agricultural production and data was gathered from 

Statistical yearbooks of Turkey and special privatization commission reports. The authors 

incorporated 36 crops and inputs include both human and non human in agriculture 

processes. The results showed that as input energy value rose, energy ratio declined and 

ratio of human to non human power declined during 1975 – 2000. At the end, it was 

                                                           
7 Shaari et al. (2013), Jamil and Ahmad (2010), Mozumder and Marathe (2007), Yoo and Kim (2006), Narayan 

and Smith (2005), Ghosh (2002) 
8 Odhiambo (2009), Lorde et al. (2010), Ouedraogo (2010) 
9 Chontanawat (2008), Yang (2000), Zachariadis and Pashourtidou (2007), Aktas and Yilmaz (2008), Lean and 

Smyth (2010), Shahbaz and Lean (2012), Hondroyiannis et al. (2002), Yoo (2006), Ebohon (1996), Erdal et al. 
(2008), and Chen et al. (2007) 
10 Lee and Cheng (2005), Narayan and Singh (2007), Ouedraogo (2010), Shahbaz and Lean (2012), Shengfeng 

et al. (2012), Ahmad and Islam (2011) 
11 Yoo and Kwak (2010), Yoo (2006), Ho and Siu (2007), Yaun et al. (2007), Shiu and Lam (2004) 
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recommended that development of new technologies and use of alternative energy 

sources were necessary for more efficient and environment friendly production systems. 

 

 Karkacier and Goktolga (2005) examined structural interdependency among 

agriculture and energy sectors of Turkey. For that purpose, input – output technique was 

used and data were taken from State Institute of Statistics Prime Ministry, Republic of 

Turkey. Final demand multipliers were calculated for various sectors i.e. 1.2778 for 

agriculture, 1.0082 for manufacture, 1.0688 for production, collection and distribution of 

electricity, 1.0046 for gas manufacturing, 1.1187 for purification and distribution of 

water. The study interpreted that one TL change in demand for products would be a cause 

of increase in output by 1.1187 TL in energy sectors. 

 

 Hatirli et al. (2005) investigated the influence of energy on Turkish agriculture 

based on annual data from 1975 – 2000. Various sources were used to obtain data i.e. 

FAO statistical data base, state planning organization and state institute of statistics of 

Turkey. Cob – Douglas form of agricultural output model was considered for elasticities. 

The analysis showed that input energy value was increased, share of animal and human 

energy was decreased and total physical energy was raised. Turkish agriculture was more 

energy intensive according to results. Elasticities of total physical energy, total fertilizer 

energy, seed energy, time trend, direct energy, indirect energy were 0.24, 0.14, 0.10, 

0.002, 2.30, 0.24 and 0.19 respectively but these all were inelastic. It was recommended 

that necessary measurements would be taken for environmental friendly energy use 

patterns in Turkish agriculture. 

 

 Karkacier et al. (2006) incorporated energy consumption and agricultural 

productivity to analyze the relationships. This study collected yearly data for the period 

1970 – 2003 from Ministry of Energy of Turkey, 2004. Using regression model, 

elasticities were calculated. Econometric results indicated that agricultural productivity 

and gross additions to fixed assets rose due to increase in energy consumption. Elasticity 

for energy consumption and additions to fixed assets were 0.167 and 0.083 respectively. 

It was suggested that Fuel subsidy might be good policy for increasing use of energy 

level in agriculture. 

 

 Faridi and Murtaza (2013) used disaggregated energy consumption to show 

influence on economic growth and agricultural output of Pakistan using time series data 

from 1972 to 2011 using Autoregressive and Distributive Lag model as an estimation 

technique. According to the results, agriculture sector output was negatively affected by 

total electricity consumption while it was positively influenced by total employed labor 

force, total oil consumption, total gas consumption and gross fixed capital formation in 

the long run.  

 

 Campo and Sarmiento (2013) estimated the elasticity of the long-run relationship 

between energy consumption and GDP for 10 countries in Latin America from 1971 to 

2007. The study employed Pedroni panel cointegration test to determine if such a long-

run relationship exists. Westerlund cointegration test for panel data was used to estimate 

the slopes of the long-run relationship variables. The findings provided empirical 

guidance for policies to promote energy conservation and efficiency. Co-integration 

between the two variables was found to exist in both directions. The paper discussed the 
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energy dependence of some countries and described potential implementation of energy 

conservation policies in others. 

 

 Giraud and Kahraman (2014) examined the basic flaws behind the mainstream 

analytical arguments for this neglect, and provided an empirical reassessment of this role. 

The study used an error correction model in order to estimate the long-run output 

elasticity of primary energy use in 50 countries between 1970 and 2011. By contrast with 

mainstream macroeconomics, the findings showed that this elasticity lied between 0.6 

and 0.7. It was showed that energy and growth were co-integrated and primary energy 

consumption univocally Granger caused GDP growth. This confirmed the results on co-

integration and causality between energy consumption and growth.  

 

 Yildirim et al. (2014) analyzed growth hypothesis in case of Turkey by taking time 

series data. Nasreen and Anwar (2014) selected 15 Asian countries for panel analysis 

over the period from 1980 – 2011. The authors used Levin, Lin and Chu test for 

examining order of integration of the variables and then results were estimated via 

Pedroni cointegration test and fully modified ordinary least square method.  Using Panel 

VECM based causality test, the study concluded bi-directional causality among energy 

consumption and economic growth.  

 

 Siddique and Majeed (2015) formed panel of some selected South Asian 

economies i.e. Pakistan, Sri Lanka, Nepal, Bangladesh and India for the period from 1980 

to 2010. By applying various tests for unit root like Levin, Lin and Chu, Im, Pesaran and 

Shin W – stats, ADF Fisher Chi-square and PP – Fisher Chi-square test, the authors 

found order of integration as mixed I(1) and I(0) for the variables used in the study. The 

research concluded positive association of capital, energy, trade and financial 

development with economic growth while labour was seen to be inversely affecting 

economic growth. The analysis also exhibited two-way causality among energy 

consumption and economic growth by utilizing panel granger causality test for panel 

data. 

 

 From review of previous studies, it may be concluded that the relationship among 

energy and economic growth has been investigated several times but few studies are 

found analyzing the relationship between energy and agriculture sector. Few studies of 

agriculture are considering energy for Israel, Turkey, and Pakistan in time series for the 

period up to 2011. Various estimation methods of time series data have been utilized like 

Autoregressive and distributive lag model, regression, trend analysis etc. If present study 

is compared, so it is having many new things in itself like latest time period is utilized up 

to 2014 by forming panel for middle income developing countries, latest Panel 

Autoregressive and distributive lag model is utilized for estimation of results, 

multivariate model is formed and following Solow growth model, energy consumption is 

taken for having influence on real agriculture sector output in coordination of fiscal and 

monetary policies.  
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III. Data and Methodology 
 This section is divided into two sub-sections (i) Data Measurement and Estimation 

and (ii) Model Specification.   

 

A. Data Measurement and Estimation 

 In the present study, panel data of middle income developing countries is prepared 

for examining energy consumption and agriculture sector relationships for the period 

from 1990 to 2014. Almost 29 middle income developing countries are chosen according 

to Gross National Income (GNI) per capita per year that is calculated using Atlas 

Method. Middle income developing countries are having GNI per capita per year 

between $1045 and $4126 in 2014. Middle Income developing countries are Armenia, 

Bangladesh, Bolivia, Cameroon, Congo, Rep., Cote d’Ivoire, Egypt, Arab Rep., El 

Salvador, Georgia, Ghana, Guatemala, Honduras, India, Indonesia, Kenya, Kyrgyz 

Republic, Moldova, Morocco, Nicaragua, Nigeria, Pakistan, Philippines, Senegal, Sri 

Lanka, Sudan, Tajikistan, Ukraine, Uzbekistan, and Vietnam.  

 

 Data on all the variables are collected through World Development Indicators 

(World Bank Website in 2015). Estimation relating to panel data is having various 

measurement issues. First step is to examine the stationary of variables and if few 

variables are stationary at their levels and few are stationary at the first difference, so 

Panel Autoregressive and Distributive Lag model developed by Pesaran is considered to 

be the most suitable technique for econometric analysis giving us long run as well as 

short run estimates at Second step.  

 

B. Model Specification 

 The study follows Solow growth model for having influence of energy 

consumption on agriculture sector in middle income developing countries. For 

econometric analysis, general agriculture sector model is specified as follows; 

 

                      
                                               

                            
  

 

 In the above model, labor and capital is taken as endogenous variables to represent 

Solow growth model, energy consumption is the policy variable, GDP deflator is 

considered for economic stability and similarly government expenditure and broad 

money are taken for fiscal and monetary policy respectively. The above function form 

may be written in terms of Cobb-Douglas production function as below; 

 

                
          

             
        

          

         

          

 

 Where, AGRI is real Agriculture sector Output, LF is total labor force used as a 

proxy of labor, CAP is real gross fixed capital formation as a proxy of Capital, ENERGY 

denotes Energy consumption, PR is GDP deflator, GEX is real government expenditure 

and BM is real broad money. By taking log of the above mentioned equation, the above 

non-linear production function may be transformed into linear as shown below; 
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 In the above equation, ‘ln’ shows log natural of variable, ‘lne’ is log of ‘e’ is equal 

to 1 by definition, ‘i' represents cross sections (country) and ‘t’ elaborates time period. 

The same agriculture sector model may be written as; 

 

         
                                                          

                
 

 Where,    
  is intercept, and LAGRI, LLF, LCAP, LENERGY, LPR, LGEX, LBM 

are respectively log naturals of AGRI, LF, CAP, ENERGY, PR, GEX, BM respectively. 

    indicates error term of the model and       specify slope coefficients and present long 

run elasticities of real agriculture sector output with respect to other variables. Labor 

force and real gross fixed capital formation is expected to be negatively affecting real 

agriculture sector output while energy consumption, GDP deflator, real government 

expenditure and real broad money are hypothesized as having positive impression on real 

agriculture sector output of middle income developing countries. 

  

Table 1: Definition of Variables 
Variables Description Unit of 

Measurement 
Expected 

Relationship 

AGRI Real agriculture sector 
output 

US dollars at 2005 
prices 

Dependent variable 

LF Total labor force Numbers Negative 

CAP Real gross fixed capital 
formation 

US dollars at 2005 
prices 

Negative 

ENERGY Energy Consumption Kilotonnes of oil 
equivalent 

Positive 

PR GDP Deflator Price Index Positive 

GEX Real government 
Expenditure 

US dollars at 2005 
prices 

Positive 

BM Real Broad Money US dollars at 2005 
prices 

Positive 

 

IV. Discussion on Econometric Results 
 The results of energy consumption and agriculture sector are discussed in the sub-

sections like descriptive statistics, correlation among variables, graphical representations, 

Levin, Lin and Chu – unit root test and Energy consumption and Agriculture sector: 

Panel ARDL in this section. 

 

A. Descriptive Statistics 

 In table 2, mean, median, maximum, minimum and standard deviation are 

presented of agriculture sector output, capital formation, energy consumption, GDP 

deflator, government expenditure, broad money and labor force in columns 2, 3, 4, 5, 6, 7 

and 8 respectively. On the average, real agriculture sector output, real gross fixed capital 

formation, energy consumption, real government expenditure, real broad money and 

labor force are 11.10 billion US dollars, 45.40 billion US dollars, 0.0455 million 

Kilotonnes, 22.70 billion US dollars, 237 billion US dollars and 30.83 million 

respectively in middle income developing countries. On the other side, real agriculture 

sector output is remained between 201 and 0.03 billion US dollars in middle income 

developing countries during 1990 - 2014. Similarly real gross fixed capital formation, 
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energy consumption, real government expenditure, real broad money and labor force are 

stayed between 14800 & 0.001 billion US dollars; 0.85 & 0.0007 million Kilotonnes; 

6360 & 0.002 billion US dollars; 120000 & 0.0005 billion US dollars and 484 & 0.88 

millions in middle income developing countries for the period from 1990 to 2014. 

 

Table 2: Descriptive Statistics 

Variable 
AGRI 
(B) 

CAP (B) 
ENERGY 

(M) 
GEX 
(B) 

BM (B) LF (M) 

Mean 11.10 45.40 0.04 22.70 237.00 30.83 

Median 2.65 2.84 0.008 1.60 0.06 7.44 

Maximum 201 14,800 0.8581 6,360 120,000 484 

Minimum 0.0353 0.001 0.0007 0.0020 0.0005 0.88 

Standard Deviation 26.50 599 0.10 266 4,660 77.60 

Note: AGRI = agriculture sector, CAP = gross fixed capital formation, ENERGY = energy consumption, PR = 

GDP Deflator, GEX = government expenditure, BM = broad money, LF = labor force 

 

B. Correlation among variables 

 Table 3 presents the results of correlation matrix of variables used in the analysis 

in middle income developing countries. In each column, values without brackets are 

coefficient of correlation while respective probabilities are written in round brackets. 

Coefficient of correlation illustrates degree of association among two variables that how 

much tendency is there regarding their movement with each other. Discussing its results, 

it may be concluded that real gross fixed capital formation & real agriculture sector 

output; Energy consumption & real gross fixed capital formation and real broad money & 

Energy consumption are having positive association of very low level due to having 

smaller values. Negative associations of very low level are seen among GDP Deflator & 

real agriculture sector output and total labor force & GDP deflator. High association may 

also be observed among Energy consumption & real agriculture sector output; total labor 

force & real agriculture sector output; real government expenditure & real gross fixed 

capital formation and total labor force & Energy consumption with positive sign.  

 

Table 3: Correlation Matrix 

Variables AGRI CAP ENERGY PR GEX BM LF 

AGRI 
 

1.00 ----- ----- ----- ----- ----- ----- 

CAP 
0.06 

(0.10) 
1.00 ----- ----- ----- ----- ----- 

ENERGY 
0.96 

(0.00) 
0.06 

(0.09) 
1.00 ----- ----- ----- ----- 

PR 
-0.07 
(0.06) 

-0.03 
(0.44) 

-0.05 
(0.19) 

1.00 ----- ----- ----- 

GEX 
0.05 

(0.22) 
0.98 

(0.00) 
0.05 

(0.18) 
-0.03 
(0.36) 

1.00 ----- ----- 

BM 
0.00 

(0.97) 
0.04 

(0.24) 
0.09 

(0.01) 
-0.03 
(0.50) 

0.04 
(0.23) 

1.00 ----- 

LF 
0.98 

(0.00) 
0.06 

(0.12) 
0.94 

(0.00) 
-0.08 
(0.03) 

0.04 
(0.26) 

0.00 
(0.91) 

1.00 

Note: AGRI = agriculture sector, CAP = gross fixed capital formation, ENERGY = energy consumption, PR = 

GDP Deflator, GEX = government expenditure, BM = broad money, LF = labor force 
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C. Graphical Representations 

 A picture of energy consumption and real agriculture sector output in middle 

income developing countries may be watched through figure 1 & 2 revealing significant 

association among these two variables. Energy consumption was up to 8000 Kilotonnes 

in 1990 that fell during five years and nearly it was half in 1994 then it started rising 

continuously up to 2014.  

 

Figure 1: Energy Consumption 

 
 

 Considering real agriculture sector output, it is evident that agriculture sector was 

ignored in middle income developing countries during 1990 to 1996 and there was 

slightly downfall during these years. This downfall may be associated with energy use 

that was falling during these years as shown in figure 1. On the other side, real agriculture 

sector output started getting higher after 1996 and continuous growth may be analyzed up 

to 2014. Significant association may be developed between energy consumption and real 

agriculture sector output. As middle income developing countries are consuming more 

energy resources, real agriculture sector output is rising in same direction revealing 

positive association among them. 

 

Figure 2: Real Agriculture Sector Output 
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D. Levin, Lin and Chu - Unit Root Test 

 First step of econometric analysis needs order of integration to be analyzed using 

unit root test in the study. The current analysis makes use of Levin, Lin & Chu test to 

detect unit root problem among variables under study. This test proposes that real 

agriculture sector output, total labor force, real gross fixed capital formation, Energy 

consumption, GDP Deflator and real broad money are integrated of order 0 or I (0) and 

real government expenditure is stationary at 1
st
 difference. Having few variables are 

stationary at level and few at first difference suggest us to utilize Panel Autoregressive 

and distributive lag model for estimation of long run results. 

 

Table 4: Levin, Lin & Chu test 

LEVEL 

VARIABLES 

Intercept Trend and Intercept 

Test 
Statistics 

P – Value 
Test 

Statistics 
P – Value 

Agriculture Sector -1.41 0.07 -4.35 0.00 

Labor Force -3.86 0.00 -4.41 0.00 

Capital Formation -2.02 0.02 -5.81 0.00 

Energy Consumption -1.87 0.03 -8.05 0.00 

GDP Deflator -9.04 0.00 -27.55 0.00 

Government Expenditure 0.39 0.68 -1.15 0.12 

Broad Money -9.55 0.00 -13.45 0.00 

1
ST

 DIFFERENCE 

Government Expenditure -9.02 0.00 -5.43 0.00 

 

E. Energy Consumption and Agriculture Sector: Panel ARDL 

 Analysis of energy associated with real agriculture sector output is discussed in 

this section. In table 5, ARDL long run and ARDL shot run results are provided. 1
st
 

Column mentions the names of variables, and coefficients, standard errors, t-statistics and 

probabilities of energy consumption model are shown in second, third, fourth and fifth 

columns respectively. 

 

 The study follows Solow Growth model and includes total labor force and real 

gross fixed capital formation as representatives of labor and capital respectively in 

production function. In middle income developing countries, labor force reports that 

labor force is a source of declining real agriculture sector output. Negative results may be 

due to having inefficiency and inadequate skills in labor force. An economist
12

 found 

negative influence of labor for agriculture sector output in his study. The long run 

elasticity of agriculture with respect to labor force is approximately – 0.44. In the short 

run, the influence of labor force on agriculture sector output is also negative with 

insignificant coefficient values.  

 

 Real gross fixed capital formation is used as proxy of capital stock in the study. In 

Middle income developing countries, real gross fixed capital formation is turned out to be 

negative with real agriculture sector output. The reason of negative sign is having 

                                                           
12 Chaudhry et al. (2013) 
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interesting facts according to Diminishing Marginal Productivity theory. In middle 

income developing countries, there is excess of capital stock. There is much use of capital 

as compared to labor. When any input is utilized beyond the optimum point, this input 

will be exhausted and gives negative returns. Capital is inversely affecting economic 

growth
13

. The long run real agriculture sector elasticity of real gross fixed capital 

formation is estimated as – 0.08. The short run results of real gross fixed capital 

formation are positive as well as negative with statistically insignificant coefficients. 

 

 Energy consumption is core variable of the study. It is turned out to be positive 

with real agriculture sector output in middle income developing countries with significant 

coefficient value of 0.41 in the long run. It may be justified as when energy is consumed 

in operating latest mechanized tools of agriculture then total output of agriculture sector 

will increase. In other way, as agriculture sector is becoming mechanized in the societies 

due to development of latest machineries used in production. Use of these machineries 

needs more energy to be utilized for expanding national output. In this way, energy 

consumption will lead to higher real agriculture sector output. Agriculture sector output is 

positively affected by Energy Consumption is re-conciliated with findings of few 

researchers
14

.  

 

 The study incorporates GDP Deflator for economic stability in energy models. 

GDP Deflator is a representative of Inflation. Inflation in an economy may have 

considerable role in agriculture sector. It may have positive influence on real agriculture 

sector output as evident from econometric results in middle income developing countries 

with significant coefficient value at 1 percent level of significance. According to the 

macro – economists
15

, inflation greases the wheels of the labor market and the economy. 

Increase in prices of agricultural output provides incentive for agriculturists to earn some 

extra benefit or profits. For higher profits, agricultural output will be raised causing an 

increase in real agriculture sector output. Agriculture sector output is positively affected 

by price level is supported by an economist
16

. The long run real agriculture sector 

elasticity of GDP Deflator is 0.23 in middle income developing countries.  

 

 Considering Government Expenditure as presenting fiscal policy in developing 

countries, ARDL long run results demonstrate that fiscal policy is highly effective in 

middle income developing countries (MDCs) with expected positive sign. The value of 

coefficient is significantly different from zero at 1 percent level of significance in case of 

middle income (MDCs). The long run elasticity of agriculture with respect to 

Government Expenditure is 0.27 in MDCs. Usually, government gives subsidy on 

imported latest agricultural mechanized tools that may lead to higher agriculture sector 

output in developing countries. There may be positive trend in agriculture sector output 

due to government expenditure is sustained in few analyses
17

. 

 

 In middle income developing countries (MDCs), money supply is uncovered to 

boosting up agriculture sector output in the long run. Broad money is utilized in 

development projects related to agriculture sector output. May be it is used to give 

                                                           
13 Huang et al. (2008) 
14 Karkacier et al. (2006), Faridi and Murtaza (2013) 
15 Akerlof et. al (1996) and Mankiw (2012) 
16 Chaudhry et al. (2013) 
17 Iganiga and Unemhilin (2011), Nadeem et al. (2013), Selvaraj, K. N. (1993) 
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subsidy to people related to agriculture sector or it is used to give soft loans to 

agriculturists. The long run real agriculture sector elasticity of broad money is 0.12 in 

MDCs revealing 0.12 percent increase in real agriculture sector output due to one percent 

increase in broad money on the average in the long run. Already, establishment of 

positive association between money supply and agriculture sector output is explored by 

various researchers
18

. 

 

Table 5: Real Agriculture Sector Output (Dependent variable) 
Variable Coefficients Coefficient t - Statistics Probability 

ARDL Long run Results 

Labor Force -0.44 0.08 -5.32 0.00 

Capital Formation -0.08 0.02 -3.41 0.00 

Energy 
Consumption 0.41 0.06 6.19 0.00 

GDP Deflator 0.23 0.01 12.5 0.00 

Government 
Expenditure 

0.27 0.02 9.45 0.00 

Broad Money 0.12 0.01 9.09 0.00 

ARDL Short run Results 

COINTEQ01 -0.29 0.09 -3.06 0.00 

D(LAGRI(-1)) -0.17 0.07 -2.35 0.01 

D(LLF) -1.17 0.97 -1.20 0.23 

D(LLF(-1)) -2.25 1.43 -1.56 0.11 

D(LCAP) 0.12 0.09 1.20 0.22 

D(LCAP(-1)) -0.13 0.12 -1.05 0.29 

D(LENERGY) -0.30 0.14 -2.02 0.04 

D(LENERGY(-1)) -0.05 0.13 -0.41 0.67 

D(LPR) -0.21 0.25 -0.84 0.40 

D(LPR(-1)) 0.24 0.15 1.54 0.12 

D(LGEX) 0.08 0.17 0.47 0.63 

D(LGEX(-1)) 0.16 0.13 1.23 0.21 

D(LBM) 0.09 0.06 1.57 0.11 

D(LBM(-1)) 0.01 0.04 0.38 0.70 

Constant 5.37 1.73 3.09 0.00 

Lag Length (2, 2, 2, 2, 2, 2, 2) 

 

 Speed of adjustment terms or error correction terms as mentioned by COINTEQ01 

in the table is having negative sign. It demonstrates that long run equilibrium will be 

restored or economy will be converged towards long run equilibrium if any disturbance is 

occurred in the short run. Speed of adjustment towards long run from short run is 

estimated 0.29 percent in (MDCs). 

 

 

 

 

                                                           
18 Chaudhry et al. (2013), Muroyiwa et al. (2014) 
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V. Conclusions 

 Energy consumption plays vital role in enhancing real agriculture sector output in 

middle income developing countries through providing energy resources to be utilized in 

this sector in various forms like thresher, harvesters, tractors, tube wells, etc. Taking into 

consideration, the study examines the influence of energy consumption on real 

agriculture sector output in middle income developing countries. A huge literature is 

available on the relationship between energy and economic growth but few studies are 

found related to energy and agriculture sector only for Israel, Turkey and Pakistan.  

 

 Having importance to notice energy – real agriculture sector output in middle 

income developing countries, the present study collects panel data for the period from 

1990 to 2014. Middle income developing countries (MDCs) are chosen on the basis of 

GNI per capita per year calculated using Atlas Method. Middle Income Developing 

Countries are having GNI per capita per year greater than $1045 and less than $4126. 

Apart from real agriculture sector output as a dependent variable, total labor force and 

real gross fixed capital formation are included in the model to represent Solow growth 

model. Energy consumption is the policy variable of the study, real government 

expenditure shows fiscal policy of MDCs and real broad money presents monetary policy 

of MDCs. Collection of data on all the variables is exercised via most reliable source that 

is World Development Indicators (World Bank website). Log – log form of the 

agriculture model is utilized using Cobb-Douglas production function.  

 

 In middle income developing countries, real agriculture sector output is 11.10 

billion US dollars on the average and energy is consumed approximately 0.04 million 

Kilotonnes. Positively high degree of association between Energy consumption and real 

agriculture sector output may be noticed using correlations. Graphical analysis also 

supports the positive association of energy consumption with real agriculture sector 

output in middle income developing countries. Levin, Lin and Chu – unit root test 

discloses few variables to be stationary at level and one is stationary at 1
st
 difference 

revealing panel autoregressive and distributive lag model to be the most appropriate for 

econometric analysis.  

 

 In long run results, total labor force and real gross fixed capital formation is 

concluded as having negative connection with real agriculture sector output in middle 

income developing countries. Energy consumption, GDP deflator, real government 

expenditure and real broad money are appeared as positive with real agriculture sector 

output in the long run in middle income developing countries. Error correction term 

proposes convergence towards long run equilibrium. 

 

VI. Policy Implications 
 On the basis of results, the following policy implications may be suggested for 

middle income developing countries. 

 

 Agriculture sector may be promoted via intensive use of energy resources and by 

avoiding energy conservation policies in middle income developing countries. Energy 

should be produced using more efficient and cheap resources so that it may not be 

harmful for the environment taking Kyoto protocol into consideration. Labor and Capital 

in MDCs are likely to be inefficient and inadequate. MDCs should train its human capital 

via useful skills and training programs with reference to agriculture sector. Capital should 
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also be invested efficiently after having cost-benefit analysis in profitable projects with 

reference to agriculture sector. Fiscal and Monetary policies are most suitable in attaining 

growth in agriculture sector in middle income developing countries that should be carried 

forward by the economies.  
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