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Accepted: 19 February 2019 Given the unlimited needs of mankind and the limited re-sources available, human beings have always been thinkingabout how to use the available resources and facilities optimally.Energy plays an important role in economic activities and it isof great importance in agriculture. Over the past four decades,energy consumption in the agricultural sector has increasedtremendously. In Iran, energy used to be provided with subsidiesto various economic sectors like agriculture in order to supportthe production. In this study, the ARDL- FUZZY method is usedto study the effect of various factors on energy consumption inIran's agricultural sector. The data on energy consumption bythe agricultural sector, the share of the agricultural sector inthe economy, the ratio of capital to labor, energy intensity, andenergy prices were collected for the period 1974-2015. Theresults indicate that the share of the agricultural sector has apositive and significant effect on energy consumption over thestudied period. The capital/labor ratio has a positive effect onenergy consumption. Energy intensity in the studied periodeventually has an irregular trend and has a positive effect onenergy consumption in this sector. Energy prices (fossil fuelsand electricity) have a negative effect (a low level of significance)on energy consumption. Therefore, it is suggested to give moreconsideration to energy consumption and its underlying factorsin policymaking due to the importance of energy and theproblem of pollution.
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InTRoDUCTIonPetroleum shocks along with the economicrecessions in the West in the 1970s have ledto the emergence of an energy role in eco-nomic transformations in particular. Nowa-days, energy is important both as an inputand an output (Zare Mehrjerdi et al., 2012; Zi-aabadi et al., 2013). As a developing countrywith enormous energy resources, extensiveoil reserves, and large mineral deposits, Irancan be a model example of growth based onalmost over-exploitation of natural re-sources. Prudent and balanced planning forthe production and consumption of energy is,therefore, of utmost importance and must becarried out with extreme care. The relative abundance of energy resourcesin Iran is the prime reason for its higher percapita consumption of energy compared withother countries with similar economic struc-tures and more limited energy resources(Armen & Zare, 2009; Ministry of Energy ofIran, 2015). Cheap energy costs and factorslike the absence of modern technology in dif-ferent economic sectors in Iran are responsi-ble for much higher per capita energyconsumption than practically most develop-ing or developed countries. This phenome-non is not only detrimental to theenvironment and sustained economic devel-opment, but imposes heavy costs on the na-tional economy. High energy consumption, inaddition to environmental degradation andhigh economic costs, is an obstacle to achievesustainable development. The first step inthis direction was the inclusion of Article 121in the “Third Cultural and Socio-economicDevelopment Plan” in the Law of the IslamicRepublic of Iran, by which the Ministry of Oilwas commissioned to set up specialized com-mittees to draw up standards and quotas forenergy consumption in various sectors of theeconomy. Subsequent to the Law’s ratifica-tion, a new organization named “Optimiza-tion of Energy Consumption Organization”was set up jointly by the Ministry of Oil andthe Ministry of Power in order to oversee theimplementation of the content of Article 121

(Barati Malayeri & Jaffari, 2008; ZareMehrjerdi et al., 2012; Ziaabadi et al., 2013). In recent years, making use of energy inputhas become very important due to changes intechnology and applications of energy-con-suming equipment and machinery in manyagricultural sub-sectors and increasing levelsof mechanization. The trend of energy con-sumption in the agricultural sector showsthat energy consumption has increased fromabout 10.4 million barrels of crude oil in1974 to 51.3 million barrels in 2015 in theagricultural sector (Ministry of Energy ofIran, 2015). It consists of about 3.80% of thetotal energy of Iran. Moreover, the level of en-ergy consumption in agriculture has in-creased drastically since 2001 and has showna significant increase compared to previousdecades (Kohansal & Rafie, 2012). A compar-ison to the global pattern of energy consump-tion shows that Iran has low energyefficiency. The average amount of energy con-sumed per 1,000 dollars of production in Iranis 176 kg of crude oil while in many countriesthis number is less than 100 (United NationsConference on Trade and Development,2011). Emphasizing economic, social and cul-tural development programs of the IslamicRepublic of Iran and budget bill of 2010 onthe one hand and subsidy reform plan on theother hand have obliged the government tomake specific plans for optimal energy con-sumption in various economic sectors suchas agriculture. So, identifying factors affectingthe consumption of energy resources in agri-culture can be important for suitable policy-making and optimal energy consumption. Many studies have already been carried outon energy and energy consumption in theagricultural sector. Kordoni et al. (2018) in-vestigated the energy consumption of cropsin Iran and found that crop systems dependon energy. Farajian et al. (2018) showed thatenergy had heavily been used in the Iranianagricultural sector during the period 1988-2014. However, energy productivity was in-creased by price liberalization. Energyconsumption in Iran was analyzed by Ja-
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hangard et al. (2017) for the period 2001-2011. They showed that 73% of the energyconsumption was related to the final demand.Fei and Lin (2017) analyzed the energy-sav-ing potentials of China’s agricultural sector byusing an econometric approach and a sce-nario analysis. Then, a co-integration analysisand an error correction model were em-ployed to make a long-term analysis for theperiod 1980-2012. Results showed that agri-cultural output and mechanical power hadpositive impacts on energy consumption.Schulte and Heindl (2017) applied a quad-ratic expenditure system to estimate priceand expenditure elasticity of residential en-ergy demand (electricity and heating) in Ger-many by using data from 1993 to 2008.Increases in energy prices showed a regres-sive pattern of incidence, implying that thewelfare consequences of direct energy taxa-tion were larger for low-income households.The sustainability of agriculture in the Euro-pean nations was examined by Yan et al.(2017) with an emphasis on the role of en-ergy for the period 1995-2012. Abbasi(2015) forecasted energy consumption in theagricultural sector of Iran and expressed eco-nomic and environmental damages. Mousavi(2015) concluded that GDP per capita andcapital per capita were effective in energy in-tensity in Iran. Using the data of Turkey en-ergy markets (gas) and the co-integrationmodel with structural delays, Cetin and Yok-sel (2014) showed that energy dependencystrongly affected the long-term dynamics ofthe energy market. Sadeghi et al. (2012) usedthe Granger causality and Granger Hashyaofor the period 1995-2007 in Iran. Their re-sults suggested a causal relationship betweenthe value of industrial production and con-sumption of energy. Heidari and Saiedpour(2012) analyzed the relationship betweenGDP, energy consumption, and non-oil ex-ports in Iran and confirmed a long-run rela-tionship using time series data of 1967-2007and econometric methods. Ghanbari et al.(2012) evaluated the energy consumptionfunction using the ARDL method and con-

cluded that there was a stable long-run rela-tionship between energy consumption, GDP,and energy price during 1971-2008. Ko-hansal and Rafie (2012) examined changes inenergy consumption in agriculture andshowed that as rural household expenditureswere increased by 10%, energy consumptionwas increased by 0.92% in agriculture withthe data of 2007 in Iran. Malaysian agricul-ture’s energy productivity was analyzed byAhamed et al. (2011) for the period 1991-2009. It was revealed that energy productiv-ity was lower in Malaysia than in Norway.Azadeh et al., (2009); Chung (2012); Farahiet al (2011); Gholizadeh & Vahidpour (2011);Khashei & Bijari (2010);   Moradi et al.(2012); Mousavi et al. (2010); Pourkazemi etal., (2016); Yan-Qun et al (2007),  are exam-ples of studies using fuzzy regression. Therefore, given the importance of energyin the agricultural sector and economic andenvironmental risks of high energy consump-tion, this study aims to investigate the factorsinfluencing energy consumption in the agri-cultural sector of Iran over 1974-2015 byusing the ARDL-FUZZY method. 
METhoDoLogYClassical regression and fuzzy regressionare based on two different perspectives. Theclassic regression model considers some as-sumptions in the field of probable distribu-tion of errors. Although the classic regressionmodel has various applications, in somecases, there are problems in making thismodel including low or insufficient numberof observations, problems in defining suit-able distribution function, ambiguity in therelationship between dependent and inde-pendent variables, ambiguity in occurrenceor occurrence degree of events, and careless-ness or error. To solve these problems, thefuzzy regression method can be used (ShayanNejad et al., 2007; Pourkazemi et al., 2016).

Fuzzy regressionFuzzy regression is a generalization of clas-sical regression that is used to compute the
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functional relationship between independentand dependent variables in a fuzzy environ-ment. In the classic linear regression, a spe-cific amount of an output variable iscalculated for each set of input variables;however, the fuzzy regression estimates arange of possible amounts   for the outputvariable. In general, there are three types ofmodels for fitting a fuzzy regression: fuzzypossibilistic regression models, least squaresregression models, and interval-analysis-based regression models. Fuzzy possibilisticregression models were first presented byTanaka et al. (1987). These models obtain thebest regression equation by minimizing fuzzyamounts. It is done by minimizing the totalwidth of membership functions of fuzzy co-efficients of the regression equation. One ofthe regression models is the possibilistic re-gression model in which coefficients arefuzzy while inputs and outputs are non-fuzzy.In this study, this model was used based onthe nature of data (Eq. 2) (Khashei & Bijari,

2010; Sadatinejad et al., 2011).
(1)in which  represent fuzzy numbers and theinput variables (A 0̃, A 1̃, A 2̃,…, A ñ ) are the nat-ural numbers. For every n variable, one fuzzynumber like  is calculated as the output. Inlinear regression with fuzzy coefficients, it isassumed that the observations and variablesare accurate and unambiguous in regressioncoefficients. The symmetric triangular mem-bership function is used to find the above pa-rameters, which is shown in Figure 1.Suppose that there are m rows of observa-tional data, n input variables), and an outputvariable in every row. Also, suppose that thefuzzy number is in the form of a symmetricaltriangle (Figure 1:  is number width and  isthe center of fuzzy number). In this case, themembership function can be written as Eq. 2. 

Factors Affecting Energy Consumption in the...  / Ziaabadi and Zare Mehrjerdi

Figure 1. Membership function of fuzzy
Coefficients fuzzy number  in Figure 1shows toughly equal amount of , and  showsits fuzzy amount; this can be shown as .Therefore, the fuzzy regression equation is asfollows:

(2)
(3)

Membership function of the output fuzzyvariable (y ̃) is shown as follows:
(4)

Inserting Eq. 2 in Eq. 4 yields Eq. 5 asbelow:
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(5)Different methods have been proposed tosolve fuzzy linear regression problem. One ofthem is to change the fuzzy regression prob-lem to a linear programming problem. Theaim of fuzzy regression model is to determineoptimal amounts of  ÃÃ in a way that themembership degree of the fuzzy output vari-able (for all data) is bigger than a certainamount (such as h) which is determined bythe user. In other words, for m rows of data,we have: (j=1, 2, 3, 4…, m)

The following inequality must hold: (6)As the amount of h increases, the fuzzyamounts of the outputs increase too. Eq. 6shows that the fuzzy output must be betweenthe amounts of A and B shown in Figure 2. Ac-cording to Eq. 3, the center and width of theoutput membership function equal
In a fuzzy possibilistic regression, the coef-ficients are determined in a way that thewidth of the fuzzy output is minimized for alldatasets. Accordingly, the objective functionand constraints of a linear programmingproblem can be presented as Eq. 7-10.

Factors Affecting Energy Consumption in the...  / Ziaabadi and Zare Mehrjerdi

Figure 2. Fuzzy output membership function
Thus, to solve a linear regression problemwith fuzzy coefficients and non-fuzzy data,the only thing we must do is to solve the lin-ear programming model based on the aboveequations. Eq. (9) and (10) are written sepa-rately for each pair of observational data.Therefore, the required data enters into theprogram and the inequalities are formed. Theobtained inequalities are, then, solved by theLingo software and finally the output of theprogram is the coefficient P (Pourkazemi etal., 2016; Sadatinejad et al., 2011). (7)

Minimize: mc0+∑j=1m ∑_(i=1)nCi |X_i | (8)P0+∑Pi Xij -(1-h)[C0+∑ci Xij ]≤yj (9)P0+∑Pi Xij +(1-h)[C0+∑ci Xij]≥yj (10)According to Bandaranaike and Munasighe(1983), if production inputs are divided intotwo groups, the production function is de-fined as (Amadeh, 2014):Q= f(J,E) (11)in which J represents other production fac-
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Factors Affecting Energy Consumption in the...  / Ziaabadi and Zare Mehrjerditors and E represents energy including fossilenergy and electricity.Therefore, the cost function is defined as:C=PJ.J+PE.E               (12)To optimize, the cost function is minimizedas below: Min        PJ.J+PE.E           s.t                                     (13)Thus, the Lagrange function is formed asfollows: (14)By deriving the Lagrange function, the fol-lowing equations are derived for the vari-ables: J, E, λ.

(15)If the production function of the agricul-tural sector is assumed as a Cobb-Douglasfunction, then we have: (16)Therefore, the Lagrange function is revisedas below:

(17)

By extracting the quantity of E, the energydemand function is obtained as follows:
(18)By considering a functional form for Eq.(18), we have: (19)Finally, the equation will be ob-tained:                                      (20)         By taking the logarithm of the two sides, Eq.(20) can be rewritten as: (21)where A is a fixed coefficient, PE is the en-ergy price, and V includes the other variablesthat affect energy consumption including I asthe intensity of energy consumption (energyconsumption in the agricultural sector tovalue-added of the agricultural sector), S asthe share of the agricultural sector in theeconomy (the value-added of the agriculturalsector to GDP) (Heidary, 2005), ratio of capi-tal-labor (K/L ratio), is used as an indicatorof the technology level and it is expected withthe advancement and improvement of tech-nology (Mousavi, 2015). P is the energy pricevariable which is an important policymakingvariable (Amadeh, 2014; MehrabiBoshrabadi & Naghavi, 2011). Total energy inagriculture is supplied from two energysources of oil products and electricity. There-fore, to calculate energy price in the agricul-tural sector, the total product of the share ofoil products and electricity in their prices wasused. The final equation is as below:
(22)                                              
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Factors Affecting Energy Consumption in the...  / Ziaabadi and Zare MehrjerdiThe goal is to estimate the parameters Aand αi to obtain the best fitting model for thedata. Therefore, intercept (A) and αi coeffi-cients were calculated by the fuzzy coeffi-cients. One of the dynamic patternscorresponding to the stationary long-run re-lationship is the ARDL model. But, the ARDLeconometric model expresses every coeffi-cient as a fixed number, and since the fuzzymodels can estimate a confidence interval foreach coefficient of variables, the presentstudy used the ARDL-FUZZY model to in-crease the accuracy of the results. The ARDL-FUZZY method is also used in the studybecause it is worth mentioning that the ad-vantage of fuzzy estimation systems over theclassic methods is that they lack restrictingassumptions, especially where the distribu-

tion of residuals is not normal (Pourkazemiet al., 2016). In addition, since they estimatea confidence interval for coefficients insteadof a fixed number, their results are more reli-able. The coefficients are estimated by the Mi-crofit, Stata and Win QSB software package.Data were collected for the period 1974-2015 from the Central Bank of the Islamic Re-public of Iran (2017), World Bank (2016) andMinistry of Energy of Iran (2015).
RESULTS AnD DISCUSSIon In the econometric literature, making use ofconventional evaluation methods such as OLSwas not always effective. Given the data type,the augmented Dickey-Fuller test was used totest their unit root.

Variables ADF statistics Critical values   (α=5%) Degree of convergence

LE -4.583 -3.587 I (0)L(K/L) -5.628 -2.948 I (1)LS -5.902 -2.948 I (1)LI -5.146    -2.948 I (1)LP -4.113     -2.948 I (1)

Table 1
Results of the Augmented Dickey-Fuller Unit Root Test 

Results Table 1 showed that some of thevariables used here had a unit root. Thus,ARDL was used to avoid factitious regressionand bias error. ARDL dynamic results areshown in Table 2.Since the stationary of variables are of theorder of one and zero, ARDL can be used.Based on the estimated results, co-integra-tion t-test is calculated as follows:

Since Banerjee, Dolado and Mestre criticalquantity is significant at the 95% level, thenull hypothesis (there is no balance relation-

ship) is rejected and the existence of a bal-ance relationship and a co-integration rela-tionship between variables is confirmed.Therefore, confirming the presence of a long-run relationship between the variables usingARDL-FUZZY, the long-run coefficients wereestimated; their results are shown in Table 3(concerning confidence interval of 70% and90% (h = 0.3, h=0.1).The long-run relationship shows a signifi-cant positive relationship between energyconsumption intensity and energy consump-tion in the agricultural sector. Consideringthe results of model estimation, as energyconsumption intensity increases by one per-cent in high and low bounces with a confi-dence interval of 70% and 90%, energy
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consumption increases by 0.448–0.632 and0.576-0.632, respectively. Energy consump-tion intensity shows the level of energy con-sumption per one production unit. In otherwords, energy intensity is the energyconsumption level (initial or final) for theproduction of one unit of value-added whichis mainly expressed in barrels of crude oil inmillion IRR in terms of domestic prices. Thepositive and significant effect of the intensityof energy consumption variable indicatesthat energy intensity has a significant effecton energy consumption. It means that thehigher the energy consumption intensity is,the higher the energy consumption will be. During 1974-2015, GDP (in constant priceof 1997) was increased from 114,776 billionIRR to 623,039.6 billion IRR in 2015 (Central

Bank of the Islamic Republic of Iran, 2017). Asurvey of the trend of energy intensity in theagricultural sector shows this variable has anincreasing trend but it has a decreasing re-cently. This decline has been set to continueto improve energy efficiency policies by thegovernment and Energy Department of Iran.Some of these policies which have been con-sidered by policy-makers since the first de-velopment plan are the adjustment of energyprices, continuous increase in energy priceduring the development plans, non-pricepolicies such as energy audits, energy label,incentive policies, as well as efforts to de-velop efficient equipment market. If suchpolicies are taken into account in future, en-ergy intensity is expected to decrease contin-uously in the economic sectors including

Variable Coefficient Variable Coefficient

E (-1) 0.7121** P -0.0152I 2.5340** K/L 0.4178E-2*I (-1) -1.5177* C -1.3289**S 2.9474* F=89.201      R2=0.99

Table 2
Results of ARDL (1, 1, 0, 0, 0) Approach

** P<0.01 and * P<0.05 

Variable
h=0.1 h=0.3

Lower bounds Upper bounds Lower bounds Upper bounds

I 0.576** 0.632** 0.448** 0.632**S 0.069** 0.262** 0.054** 0.262**P -0.088* 0.00 -0.113* 0.00K/L 0.00 0.259** 0.00 0.370**C -1.016** -1.517** -1.307** -1.576**Ecm -0.267

Table 3
ARDL-FUZZY Long-Run Relationship

** P<0.01 and * P<0.05 
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Factors Affecting Energy Consumption in the...  / Ziaabadi and Zare Mehrjerdiagricultural sector. K/L ratio has also a positive significant im-pact on energy consumption, 0-0.259 and 0-0.370 in lower and upper bounds (90% and70% levels) in the agricultural sector, respec-tively. Capital and labor are the most impor-tant factors affecting economic growth. Theuse of labor and capital is dependent on en-ergy. Energy affects labor and capital andthus affects the production of the agriculturalsector. Increasing the K/L ratio increases en-ergy consumption by creating an opportunityfor increasing the level of cultivation and in-creasing production in the agricultural sector.This ratio represents the use of technology(machinery and equipment) instead of thelabor force in the agricultural sector. The pos-itive coefficient showed that the use of high-energy consumption technology and thetechnology used in the agricultural sectortend to increase energy consumption. Pro-duction process of agricultural crops is acomplex process which is changing con-stantly in parallel with the emergence of newtechnologies. Conducting agricultural research and ad-vances in technology not only results in thecreation of new inputs required in this sectorbut also affects the way these inputs are usedand combined. This shows that the technicalrelations between outputs (products) and in-puts (production factors) used in the agricul-tural sector are steadily changing. Productionfunction of the agricultural sector is influ-enced by several factors whose effects on theperformance of the agricultural sector havetheir roots in mutual technical relationshipsthat these factors have on each other. The share of the agricultural sector in Iran’seconomy has a positive significant effect onenergy consumption in agriculture. Inequal-ity of this coefficient in high and low bouncesreveals uncertainty in estimating this coeffi-cient. According to the results, the variable“share of agriculture” had effects 0.069-0.262and 0.054-0.262 on energy consumption inagricultural sector at the 70% and 90% lev-els. Studying energy consumption in agricul-

ture shows that as production was increasedin different years, consumption of differentenergy including oil products and electricitywere increased too from 10.4 million barrelsin 1974 to 51.3 million barrels in 2015 (Min-istry of Energy of Iran, 2015). Therefore, theincreased production reflects an increasedrate of energy use in the agricultural sector.Over the studied period, the agricultural sec-tor’s share in Iran’s economy has not in-creased but unfortunately, energyconsumption in this sector has been in-creased. The low energy efficiency and pro-ductivity of the agricultural sector haveentailed adverse economic and environmen-tal effects. So, increasing energy consumptionwill raise environmental concerns. The variable “energy price” has a negativeeffect on energy consumption in agriculture.This effect is statistically significant at thelevel of 88% (-0.088-0 and -0.113-0 at the90% and 70% levels, respectively). Thismeans that as energy price increases, its con-sumption decreases. It should be noted thatduring this period energy price has stronglybeen supported by the government, while itwas increased following the subsidy reformplan. Concerning increased energy pricesmentioned by economic policymakers in re-cent years, it must be noted that the in-creased energy prices will reduce energyconsumption in the agricultural sector; if en-ergy efficiency is not increased, it will lead toa decline in productivity of the agriculturalsector. Reducing fuel subsidies and increasingenergy prices are a way to prevent energywastage. Energy subsidization to assist do-mestic production has traditionally beenprevalent in the economy of Iran so that en-ergy consumption has always exceeded theeconomic growth while overlooking its pro-ductivity. On the other hand, energy subsi-dization in Iran – like all other energy-richcountries – has resulted in a high level of ex-ploitation of energy resources, traditionallyaccompanied by low energy productivity. Assubsidy decreases and energy prices in-crease, energy demand reduces. Since energy
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is one of the most important inputs in agri-cultural production, production is affected bythe increased price of energy. However, gov-ernment expenses paid in the form of subsi-dies will decrease. Therefore, the productionis likely to decline at the macro level and inthe entire agricultural sector. But at the sametime, reducing government expenses willprovide an opportunity to use financial re-sources. On the other hand, increased priceas a means of controlling and optimizing theconsumption of this input cannot continueunlimitedly because it will result in negativeconsequences such as increased inflation.Moreover, as population grows as a factor in-fluencing energy demand, the agriculturalsector is required to meet more needs, andsince higher prices will reduce energy con-sumption and finally decrease production, itcan have devastating effects on food security. It is necessary to mention that since fuzzyregression method estimates a confidence in-terval for coefficients instead of a fixed num-ber therefore it increases the reliability of theresults. Error correction models (ECM) havemany applications because they connectshort-term fluctuations of variables to thelong-term equilibrium amounts. Thus, to es-timate the equilibrium speed (equilibriumcoefficient), an ECM model was used. Theequilibrium coefficient was -0.267, suggest-ing that at each period, the short-term fluctu-ations were adjusted for -0.267 and gotcloser to their long-run trend. The results ofthis study are consistent with the findings ofAmadeh (2014), Cetin & Yoksel (2014), Fara-jian et al. (2018), Fei & Lin (2017), Ghanbariet al (2012) and Sadeghi et al. (2012).
ConCLUSIonSAgricultural sector plays an important rolein the production and processing industriesin Iran. In recent years, financial support offarmers, pale role of dealers, natural factors,and transformation of traditional farminginto mechanized agriculture have increasedproductivity, reducing relative energy con-sumption in the agricultural sector with a lit-

tle decline in energy intensity. It should benoted that government supports in the pastdecades have increased gross production ofagriculture, but energy consumption of themain fuel (especially electricity) has been in-creased drastically. The reasons can besought in the breakdown of technologiesused in this sector and low fuel price whichdiminishes incentives to reduce consump-tion. Subsidies paid for production inputs in gen-eral and energy in particular are used to en-hance economic growth, increaseemployment, control the general level ofprices and finally establish social justice.Since energy intensity shows final energyconsumption per unit of activity (output orvalue-added), the effect of energy net inten-sity measures consumption changes resultedfrom changes in energy intensity. Negativevalue of this effect between two years indi-cates a decrease in the energy consumptionand in energy savings. Energy intensity isstrongly influenced by the way resources areutilized and by energy-consuming equip-ment. Therefore, the effect of energy intensityplays an important role in the research on en-ergy economy in the field of the research onsaving behavior. Therefore, it is necessary topay more attention to increase energy effi-ciency and reduce energy consumption by re-ducing the intensity and appropriate pricingpolicy. The increased productivity results inthe decreased consumption intensity in agri-culture. Thus, making use of advanced tech-nologies, mechanized cultivation, andmodified varieties can reduce energy con-sumption intensity in this sector. It is necessary to pay attention to energy ef-ficiency, the ratio of K/L, and the type of ma-chinery to save energy and increaseproduction in policies. To extract water andproduct in agriculture, a huge amount of en-ergy (gasoline and electricity) is used. There-fore, one way to save energy is to decreasefuel and energy subsidies in this sector. Sinceagricultural sector is in charge of supplyingfood, it is suggested that policymakers take it
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into account in reducing subsidies and insupportive policies. Reducing subsidies andincreasing prices should be a gradualprocess. Rising prices cannot continue indef-initely to optimize energy consumption be-cause inflation will increase and food securitywill be compromised. So, it is suggested touse pricing, subsidies and non-pricing poli-cies to increase energy-saving technologies,adjusting the production structure in theagricultural sector, educate farmers to man-age energy consumption, and expand the useof clean energy to replace fossil fuels.
ACknowLEDgMEnTSThe authors would like to thank everyonewho participated in this research. Thanks toanonymous reviewers for their helpful com-ments on the earlier version of this paper.

REFEREnCESAbbasi, E. (2015). Forecasting of energy con-sumption in agricultural sector of Iran. Journal of Economic Sciences, 9 (32),81-102.Ahamed, J.U., Saidur, R., Masjuki, H.H.,Mekhilef, S., Ali, M.B., & Furqon,M.H. (2011). An application of energy andexergy analysis in agricultural sector ofMalaysia. Energy Policy, 39, 7922–7929.Amadeh, H. (2014). Energy demand analysisin Iran’s agricultural sector. Iranian 
Energy Economics, 2(8), 21-43.Armen, S. A., & Zare, R. (2009). Energy con-sumption in different sections and its relationship with economic growth inIran: analyzing causality based on Toda Yamamoto approach. Journal of Energy
Economy Studies, 6 (20), 67-92.Azadeh, A., Khakestani, M., & Saberi, M.(2009). A flexible fuzzy regression algo-rithm for forecasting oil consumption es-timation. Energy Policy, 37, 5567-5579.Barati Malayeri, A., & Hoori Jaffari, H. (2008).Estimation of energy  consumption in finalconsuming sectors. Journal of Energy Eco-
nomics Surveys, 1(1), 56-97.Bandaranaike, R. D., & Munasighe, M. (1983).

The Demand for Electricity  Service andthe Quality of Supply. Energy Journal, 4(2),49-71.Central Bank of the Islamic Republic of Iran.(2017). Statistics, Economic time seriesdatabase. https://www.cbi.ir.Cetin, T., & Yuksel, F. (2014). Empirical inves-tigation on energy dependence- consump-tion nexus: Evidence from Turkish naturalgas market. Applied Energy, 133(15), 243-251. Chung, W. (2012). Using the fuzzy linear re-gression method to benchmark the energy efficiency of commercial buildings.
Applied Eenergy, 95, 45-49. Ministry of Energy of Iran (2015). Energy bal-ance sheets. Office of Macroeconomic
Planning of Electricity and Energy of Iran.http://pep.moe.gov.irFarahi, G., Khodashenas, S. R., & Alizade, A.(2011). Estimating the sediment of catchment areas of Northern Khorasanusing fuzzy regression model. Iran 
Watershed Science and Engineering, 5 (15),11-24.Fei, R., & Lin, B. (2017). Estimates of energydemand and energy-saving potential in China’s agricultural sector. Energy,
135(15), 865-875.Farajian, L., Moghaddasi, R., & Hosseini, S.(2018). Agricultural energy demand modeling in Iran: Approaching to a moresustainable situation. Energy Reports, 4,260–265.Ghanbari, A., Galvani, A., & Javad Nejad, F.(2012). Studying the relationship betweenenergy consumption and urbanization inIran using ARDL. Journal of Energy Econ-
omy Studies, 9 (35), 101-119.Gholizdeh, M. H., & Vahidpour, G. (2011). Pre-dicting stock price using fuzzy regressionmethod. Journal of Economic Sciences, 6(12), 127-107.Heidari, E. (2005). Forecast of energy de-mand in Iranian economy based on the analysis method. Economics Research, 69,27-69.Heidari, H., & Saiedpour, L. (2012). Econo-

Factors Affecting Energy Consumption in the...  / Ziaabadi and Zare Mehrjerdi



In
te

rn
at

io
na

l J
ou

rn
al

 o
f A

gr
ic

ul
tu

ra
l M

an
ag

em
en

t a
nd

 D
ev

el
op

m
en

t, 
9(5), 2

93-305
,  Decem

ber 201
9.

304

metric dynamic analysis from the relation-ship between GDP, energy consumptionand non-oil exports in Iran. Journal of En-
ergy Economy Studies, 9 (33), 53-83.Jahangard, A., Golshani, V., Abdolah Milani, M.,& Ghafarzadeh, H. R. (2017). Energy sectoranalysis in Iran 2001- 2011 (A compara-tive static analysis with approach SDA). Journal of Applied Econom-
ics, 7(20), 1-10.Khashei, M., & Bijari, M. (2010). Applying thehybrid model of artificial nervous networks using fuzzy regression modelwith the aim of predicting the gold price. 
Journal of Industrial Engineering, 44 (1),39-47.Kohansal, M. R., & Rafie, H. (2012). Examiningthe consequences of increased  spendingof urban and rural households on energyconsumption in agriculture and produc-tion of environmental pollutants. Journal
of Agricultural Development and Economy,
26 (4), 287-297.Kordoni, F., Jamialahmadi, M., & Bakhshi, M.R.(2018). Econometric analysis of energyconsumption pattern in Iranian crop (CaseStudy: Wheat, Barley, Rice and Maize).
Agricultural Economics Research, 10(1),133-148.Mehrabi Boshrabadi, H., & Naghavi, S. (2011).Estimation of energy demand function inagricultural sector of Iran. Agricultural
Economics Research, 3(2), 147-162.Mousavi, S.N. (2015). The determinants ofenergy intensity and carbon emissions in agricultural sector. Agricultural Econom-
ics Research, 7(2), 197-214.Mousavi, S. N., Mokhtari, Z., & Farajzade, Z.(2010). Predicting consumption of energycarriers in Iran agricultural sector usingARCH ARIMA models. Journal of Energy
Economy Studies, 27 (7), 181-195.Moradi, M., & Habibzade, S. J. (2012). Appli-cation of fuzzy regression in explaining therelationship between characteristics ofboard of directors and performance ofcompanies listed in Tehran Stock Market.
Journal of Accounting Progress of Shiraz

University, 2(63), 119-149.Pourkazemi, M.H., Naderi, R. & Hatami, M.(2016). Iran’s natural gas pricing in the industrial sector using a Ramzy modeland fuzzy regression method. Journal of
Engineering and Energy Management,
6(1), 52-69.Shayan Nejad, M., Sadati Nejad, S. J., & Fahmi,H. (2007). Determining potential evapo-transpiration using the fuzzy regression.
Iran Water Resources Research, 3(3), 9-19.Sadeghi, S. K., Senobar, N., Behboudi, D., & De-hghan, A. (2012). The relationship be-tween energy and production in Iranindustrial sector. Journal of Economic Mod-
eling, 6 (1), 91-110.Sadatinejad, S. J., Hassan Shahi, R., ShayanNejad, M., & Abdollahi, K. (2011). Evaluat-ing the efficiency of the fuzzy regression-model in reconstructing missing data ofannual rainfall in Karoon catchment area.
Environmental Science, 8(3), 109-116.Schulte, I., & Heindl, P. (2017). Price and in-come elasticities of residential energy demand in Germany. Energy Policy, 102,512-528.Tanaka, H. (1987). Fuzzy data analysis bypossibility linear models. Fuzzy Sets and
Systems, 24(3), 363-375.United Nations Conference on Trade and De-velopment (2011). Annual Report ofUnited Nations Conference on Trade andDevelopment, UNCTAD. http//data.un.org/en/iso/ir.html.World Bank (2016). World Development In-dicators WDI. Retrieved from:http://www.worldbank.org/data/online-databases/onlinedatabases.html.Yan-Qun, H., Lai-Kow, Ch., & Ming –Le, W.(2007). Balancing productivity and consumer satisfaction for profitability:Statistical and fuzzy regression analysis.
European Journal of Operational Research,
176, 252-263. Yan, Q., Yin, J., Balezentis, T., Makuteniene, D.,& Streimikiene, D. (2017). Energy-relatedGHG emission in agriculture of the Euro-pean countries: An application of the Gen-

Factors Affecting Energy Consumption in the...  / Ziaabadi and Zare Mehrjerdi



In
te

rn
at

io
na

l J
ou

rn
al

 o
f A

gr
ic

ul
tu

ra
l M

an
ag

em
en

t a
nd

 D
ev

el
op

m
en

t, 
9(5), 2

93-305
,  Decem

ber 201
9.

305

how to cite this article:Ziaabadi, M.,  & Zare Mehrjerdi, M. (2019). Factors affecting energy consumption in the agri-cultural sector of Iran: The application of ARDL-FUZZY. International Journal of Agricultural
Management and Development, 9(4), 293-305.
URL: http://ijamad.iaurasht.ac.ir/article_667034_5cea897f58c062f24693e245c6a180c7.pdf

eralized Divisia Index. Journal of Cleaner
Production. 164, 686-694.Zare Mehrjerdi, M. R., Ziaabadi, M., & IraniKermani, F. (2012). Investigating the factors affecting Energy Consumption inIran agricultural sector using parametricand nonparametric methods. Iranian
Jounal of Economic Studies, 1(1) 111- 125.Ziaabadi, M., Alavi, S., Zare Mehrjerdi, M. R., &Irani Kermani,F. (2013). Forecaste of en-ergy consumption in agricultural sector ofIran using neural network. Interdiscipli-
nary Journal, 4(9), 1042-1053. 

Factors Affecting Energy Consumption in the...  / Ziaabadi and Zare Mehrjerdi


