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Abstract

:

Managing the declining yield of non-food crops has opened new strategic challenges amidst global uncertainties. The COVID-19 scenario has increased awareness of natural lifestyle and eco-friendly products, largely dependent on non-food crop material. This strategic shift requires moving beyond traditional farm practices to improve agricultural production efficiency, and developing countries in particular have shown a consistent loss in their self-sufficiency of industrial crops despite being major exporters of non-food crop materials. However, existing studies analyze production efficiencies of non-food crops from general or theoretical aspects often by virtual estimates from breaking down the multiple factors of crop productivity. This study examined multiple factors of crop production to identify “which crop inputs have been inefficiently used overtime” by tracking efficiency changes and various input issues in overall cotton production from practical aspects, i.e., scaling non-constant returns of those multiple factors would allow for the violation of various situations. Accordingly, a stochastic frontier approach was employed to measure the production frontier and efficiency relationship using time-series data of Pakistan’s cotton production from 1971–2018—a specific non-food crop perspective from a top-ranked cotton-producing country that has recently been shifted towards being a non-exporter of cotton due to low yield. The coefficient of area, seed, and labor indicates the positive relationship with cotton production, while fertilizer, irrigation, electricity, and machinery are statistically negative. This implies that policymakers need priority-based strategies for the judicial use of synthetic fertilizers, irrigation, a subsidy policy, and technology adoption, which could significantly improve the efficiencies of cotton productivity from the same land resources. Being adaptable to other developing economies, the analysis would strategically facilitate designing and developing affordable technology-driven solutions and their customized extensions towards sustainable non-food crop production practices and Agri-Resources efficiencies.
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1. Introduction


Recent global uncertainties and life-threatening concerns have increased awareness of a healthier and natural lifestyle. Subsequently, it has increased the consumption of eco-friendly products and natural fibers, which demand the management of the declining cotton yield in developing countries to look beyond traditional farming practices [1,2]. Managing the constant declining productivity of non-food crops remains a challenge for developing countries [1]. To handle this challenge, producers in these countries mainly follow traditional practices either by bringing new lands into production (extensification) or increasing the use of crop inputs (intensification) to increase the yield [3]. This way of raising agricultural productivity in traditional economies makes up a shortage of resources due to a large population base with relatively little arable land and water, as well as the low acceleration of agricultural technological modernization [4]. Accordingly, the traditional farming model has become more and more unsustainable because of its reliance on the increased use of agricultural factor inputs and land resources [3], forcing producers in those countries to prefer growing food crops or shifting to other business practices to worsen the situation further. Consequently, some developing countries, which also top producers of non-food crops, have started importing these crops (USDA cotton outlook 2019). Since a significant global portion of global industrial crop produce relies on farmers’ technological expertise from developing countries [5], this trend would gradually increase the demand for non-food crops at the global level. In addition, these practices, coupled with global crises-driven uncertainties, hint at an upcoming alarming increasing demand for agricultural raw materials such as cotton, natural fiber, and jatropha in coming years, which could shift a typical global crisis into more intense and prolonged consequences [6]. For instance, since COVID-19, global consumption patterns have shifted towards natural lifestyle and eco-friendly products that significantly depend on industrial crops like cotton and its byproducts [7]. In this context, most researchers agree that developing countries would have to anticipate the upcoming industrial crop demand within the scarce financial and technological resources for sustainable non-food crop production practices [8], which is impractical without introducing affordable technology-driven solutions and their extensions [9].



Debates over the affordable technology-driven solutions continue to heavily focus on doing “more with less” in developing economies [3,10]. Subsequently, most researchers believe that a sustainable rise in agricultural output is possible with judicial use of agricultural inputs, i.e., an overall crop yield could proportionally be expanded without altering the input quantities used, or in other words, the crop input quantities could be reduced without changing the total crop production [11]. This assumption draws on a socio-ecological trade-off along the pathways of extensification or intensification in achieving sustainable crop growth, which demands us to identify favorable combinations of various factors of productivity growth, such as labor, land, capital, and inputs—the total factor productivity (TFP) in agriculture [3]. Accordingly, the functional scope of such a hypothesis is well exhibited through farming practices of modern economies that have remained the main engine of production growth and the increase in income as a way to modernize their economies and, rather than depending upon intensification or extensification, these systems concentrate on identifying the positive synergies between agriculture inputs [3]. Therefore, the critical element of crop productivity growth is estimating the technical inefficiency changes of various factors of crop production, which could facilitate the understanding of those factors of production involved in increasing production cost or low yield of non-food crops over the years [12]. However, understanding crop inputs inefficiencies over time from an empirical perspective is sensitive against agricultural-crop diversity and regions [13,14,15]; this hints to a need for a much closer production growth perspective to track technical efficiency change and technological factors of non-food crop production.



Given the proximity of perspective, cotton production becomes a typical case of the non-food crop for four reasons. First, cotton, also known as white gold, is the world’s most demanding non-food crop as a source of natural fiber for eco-friendly products, byproducts, lint, and edible oil [1]. It is the most wide-spreading profitable industrial crop for its role with more than 20% of the global share in all fiber use and is the global income to more than 250 million people worldwide [16]. Even with such a broad global reach, the current cotton production methods are environmentally unsustainable—ultimately undermining the industry’s ability to maintain future demands [17]. Moreover, various coalitions of international partners promote the sustainable production and use of cotton in multiple ways [18]. Second, developing countries are among world’s largest cotton producers with a 7% contribution to overall labor employment opportunities [16]; accordingly, their priorities in bringing cotton production in line with even minimally acceptable environmental standards are significantly challenged despite owning a huge tract of fertile agriculture land [1]. Third, the main challenge of these developing countries is lower cotton productivity than the rest of the world [19]. Even the irrigated area of these countries are underperformers for a given yield per unit from the rain-fed cotton-growing regions of the world (World textile information report 2019, USDA annual gain report 2017). Subsequently, farmers in these areas get comparatively less profit when harvesting cotton crops than other food crops, leading to a decrease in cotton crop area. Unfortunately, this situation has been worsening since 2010 in some developing countries and continues to decrease in more than 10 percent of the cropping area. Its reflection is observable because some of the world’s top cotton-producing developing countries have started to import cotton in recent years—an alarming sign of the upcoming increase in demand for raw cotton. Fourth, the low crop productivity of developing countries has a range of contributing socio-ecological factors, and knowing “which factors or their combinations are the main contributors” becomes more critical in identifying the positive integration of these factors for improving crop productivity [19]. In contrast, very few studies have examined the detailed resources of the productivity and technical efficiency of cotton over time [1,19,20], besides some mentioned limitations. For instance, this feature accommodates the accurate estimation of productivity measures breakdowns when multiple inputs lead to a single output [19], rather than concentrating on multiple-output and multiple-input technology [20] and failing to account for multiple input leads to single output technology when analyzing the productivity trend [12]. Some researchers have attempted a more specific perspective, yet productivity remains a secondary objective in those studies [1,21], or they did not account for multifactor analysis [20]. More importantly, these studies take the theoretical assumption of the accurate estimation of cotton productivity measures’ breakdowns even when accounting for multiple input technology [21]. This theoretical objective believes in obtaining the maximum output from inputs [1], which contrasts to the reality where not all inputs can achieve it; consequently, inefficiency may arise. From an implication perspective, scaling the non-constant returns is necessary when considering the overall impact on productivity, and violation of the various situations is one of the required conditions for long-run competitive equilibrium [22]. To summarize the points mentioned earlier, the situation reveals a significant knowledge gap that demands an implication-oriented multifactor analysis to track which factors of production drive the low crop productivity of cotton, particularly for developing countries. In the long term, such empirical analysis is critical in knowing whether a developing country’s farmers are progressive concerning technical efficiency change, technological change, and speed of knowledge-based learning skills to counter with the existing raw cottons’ supply and demand gap effectively.



Given this background, the study adopts a more specific case using a top-ranked cotton-producing country that has recently started importing raw cotton and struggling to manage the declining cotton yield, i.e., Pakistan’s cotton production represents the non-food crop perspective for developing countries. Accordingly, the main objective of this study is to estimate the production frontier and efficiency relationship of various factors from the implication aspect to identify those factors of production that influence overall cotton production over the years. Accordingly, a stochastic frontier approach was employed to measure the efficiency of the changes by using Pakistan’s cotton production time-series data from a much larger period, 1971–2018. This framework contributed to the existing literature in the following three ways. First, it estimates the indices of crop-wise technical efficiency changes, covering a longer time period using SFA, a parametric procedure for non-food crops. As the main benefit, the parametric approach is capable of accounting for composed error, thereby separating the noise from inefficiencies. This way, it tracks efficiency changes and technological changes in the overall productivity from practical aspects, i.e., scaling non-constant returns of those multiple factors that allow violation of various situations. Second, the SFA allows the functional specific need to accommodate (a) single output from multiple inputs, (b) it can test the hypothesis, and (c) it presents the availability of the maximum likelihood econometric estimates. This crop-specific imperial finding would identify the main drivers of inefficient crop production that might be influencing Pakistan’s self-sufficiency in cotton. Moreover, the study would also estimate the hypothesis of whether subsidies affect cotton crop production. Third, the study puts forward corresponding policy recommendations, specifically for improving cotton production efficiencies. Furthermore, in general, applying such analysis to other developing countries could realize the potential of affordable technology-driven solutions and Agri-Resource efficiencies for sustainable non-food crop production.



Cotton Production and Pakistan Case


The study uses Pakistan’s cotton production as a typical case to analyze production factors from a much closer input issues and efficiency relationship perspective to represent the non-food crop in a developing country perspective for the following reasons. First, Pakistan is ranked among the top five largest cotton producers (Figure 1), is the 7th largest cloth producer worldwide, and cotton contributes 10% to the national GDP compared to the overall agriculture sector GDP share of 18.9% [22]. This sector also contributes to 42.3% of the labor force with employment and provides the raw materials for many value-added sectors [23], with 55% of the foreign earnings contribution, a share majorly dominated by cotton-based finished products [24]. Since Pakistan is a developing country, these states apparently favor the export; in contrast, Pakistan has been importing raw cotton for many years. Actually, Pakistan has not been exporting raw cotton since 2010, and it is the fourth country that ends up ending stalk (USDA cotton outlook 2019). Second, the main reason for increasing the import of raw cotton is that Pakistan’s cotton yield per hectare has had a gradually decreasing trend over the years, and the numbers are among the lowest in the world; even the countries that have a much smaller geographic area have a higher yield per hectare than Pakistan [25]. On average, the yield of cotton in Pakistan is 730 kg/ha with 10,671 million bales, which is 1.5–2% lower than to rest of the world, and even irrigated areas of the countries are lagging in terms of lint per hectare from the rain-fed cotton-growing areas of the world (Figure 2). As a result, cotton cultivation has become less attractive than growing other crops, which leads to the minimizing the area of cotton crops (World textile information report 2017, USDA economic survey of Pakistan (2019–2020)). It is true that the area of cotton crops has been declining in Pakistan since 2004–2005; unfortunately, this situation has been aggravated since 2013–2014, and by the ongoing year, 14.2 percent sowing area of the crop had decreased [26]. Before 2014–2015, it was 2.902 million hectares, while currently 2.489 million hectares of cotton are being cultivated in Pakistan. Third, this low productivity of Pakistan’s cotton crop mainly results from inefficient use of multiple factors related to irrigation water, plant population, disease protection, plant nutrition, resource management skills, and insufficient technology, resulting in a gap between potential production and actual production (agriculture statistics of Pakistan (2019)). However, as a general trend, Pakistan farmers seek to remedy this low yield per hectare through traditional practices, such as increasing the use of crop inputs (intensification) or bringing new lands into production (extensification), which leads to constantly deteriorating the agricultural ecological environment. Such practices reduce the economic effect of agriculture and destroy the resources and environment on which agriculture depends on for survival and development [27]. Besides, the scarcity of resources coupled with a large population and lagging agricultural infrastructure is keeping Pakistan’s cotton input and output in a bad state; hence, affordable agricultural technology and its extension become an urgent need to identify the positive balance between the cotton input and output. Fourth, most studies use Pakistan’s agriculture sector to analyze TFP growth in the sector at the national or provincial level. Accordingly, very few studies have analyzed the Pakistan cotton productivity, and efficiency [1], particularly when “multiple inputs leads to a single output” are involved. Such studies either measure the total factor productivity for multi-crops [28] or the sub-sector of Pakistan [26] to analyze the relationship between productivity and agricultural research expenditures or conduct research on the basis of comparative analysis [1]. As agriculture productivity is expected to be influenced by different factors unique for each crop, a crop-wise analysis at the national level would be more useful [19]. Moreover, these studies take the theoretical assumption of the accurate estimation of cotton productivity measures’ breakdowns even when accounting for multiple input/output technology [1]; however, violation of the various crop productivity factors is one of the required conditions for long-run competitive equilibrium. Therefore, this study is being conducted because no prior multifactor analysis is available from an implication perspective that not only scales the non-constant returns when considering the overall impact on cotton production, but also takes a much closer perspective on non-food crops of developing countries like Pakistan concerning the various input and efficiency relationships.



The rest of the paper is arranged as follows: Section 2 describes the research methods, and Section 3 represents the results and discussion step-by-step in support of the methodology. Finally, Section 4 concludes the paper with some recommendations.





2. Research Methods


2.1. Theoretical Concept


This study draws a great deal from a stochastic frontier production function, proposed by Battese and Coelli, which is assumed to be distributed as truncated standard random variables that permit the data to vary systematically with time [29]. The SFA can obtain the maximum likelihood estimates of a subset of the production, the cost function. Besides, this study applies time-series data. The time series data offer to remove a few rigidities because each observation is observed at several different points. In time series data, introducing the ai (time-invariant and individual-specific) enables us to take some heterogenicity that otherwise would be unable to control in cross-section data. Moreover, time-series data also allow us to examine whether the inefficiency is varying or persistent over time. Likewise, the time series data can be simply treated as cross-section data, which implies that the data of the same units, observed at different points of time, are treated as a separate unit; however, the inefficiency and noise at this component point should be heteroscedastic. One of the main advantages of SFA is the possibility of offering the decomposition of productivity change into parts that have straightforward interpretation [30]. As the most important faction, the stochastic frontier approach (SFA) can separate data noise from variations inefficiency. Given the inherent crop diversity in agricultural production, it is assumed that all deviations from the frontier are associated with inefficiency (as assumed in the data envelopment analysis approach), which is challenging to accept in this sector. Based on the following previous literature in the agriculture field [12,31,32], this study narrows down the focus to cotton output and digs into the possibility of realizing similar production frontier and efficiency relationships with the SFA method. Following Battese and Coelli, this paper applies the one stage modeling approach to more comprehensive data representing various factor included in the production frontier and efficiency analysis.




2.2. Measurment of Technical Inefficieny


We employed the stochastic production function, which was proposed by Ainger, Lovell, and Schmidt in 1977 [33], as well as Meeusen and Broeck [34]. The model can be expressed in the format, as shown in Equation (1).


   Y i  =  X i  β +  (   V i  −  U i   )   



(1)




where    Y i    is total crop output from agriculture input    X i    (  i = 1 , … N  , and    X i    is vector of N inputs). The  β  is the vector of the technology parameters and    V i    represent the two-sided random error accounting for input measurement and statistical errors. The inefficiencies variable is    U i  > 0  ; it is measured as the difference between actual crop yield    Y i    and the maximum agricultural output    X i  β  . Later on, in 1995 Battese and Coelli formulated a model with the exception that the allocative efficiency is imposed and this model permits panel data [35]; it was equivalent to the model proposed by Kumbhakar, Ghosh, and McGukin [36]. In this model, the issue of the two-stage estimation procedure, which was unlikely to provide estimates, was addressed as expressed in Equation (2).


   Y  i t   =  X  i t     β +  (   V  i t   −  U  i t    )   



(2)






  i = 1 … . N , 1 … T  











The    V  i t     is random variables and represents the total crop output in the t-th time period from agriculture input    X  i t     and it is assumed to be independent and identically distributed distribution  ~  N(0, σv2), as well as being independent of the    U  i t   ,   which is also a random variable, assumed to account for technical inefficiency in production, and assumed to be distributed as truncations at 0 of the N(mit, σu2) distribution, as shown in Equation (3).


   m  i t   =  Z  i t   δ  



(3)




where    m  i t     represents technical inefficiency effects and    Z  i t     is a p × 1 vector of a variable, which may influence the efficiency in the time period t-th, while  δ  is a 1 × p vector of the parameters to be estimated.



This study used the stochastic frontier approach with time-series data considering a stochastic production frontier model specified as follows:


  ln  (   Y  i t    )  =  β 0  +  β 1  ln  (   X 1   )  +  β 2  ln  (   X 2   )  +  β 3  ln  (   X 3   )  +  β 4  ln  (   X 4   )  +  β 5  ln  (   X 5   )  +  β 6  ln  (   X 6   )  +  β 7  ln  (   X 7   )  +  V  i t   +  U  i t      



(4)




where



	   Y  i t    
	is the logarithm of the production in the t-th time period.



	   X  i t    
	is a k × 1 vector of input quantities of the t-th time period.



	 β 
	is a vector of unknown parameters.



	 η 
	is a parameter to be estimated.



	Vit
	is a non-negative random variable that is assumed to be iid   ( N  (  0 , σ  v 2   )    and it is independent and identical to the    U  it    , distributed normal random errors, with a mean of zero and variance   σ  v 2   , and distributed independently of    U i  N  (  μ ,   σ  v 2   )   .



	   U  it    
	is a non-negative technical inefficiency effect representing management factors, and it is assumed to be independently distributed with mean    U  it     and variance   σ  v 2    [32].








The t-th time exploits the full technological production potential when the value of    U  it     comes out to be equal to zero, and at that time, the production is produced further than the production frontier, beyond which it cannot be produced [33]. The greater the magnitude of    U  it    , and the farther away the product from the production frontier, the more inefficiently it will be operating [9]. In this study, we utilized the parameterization and replaced   σ  v 2    and   σ  u 2    with the    σ 2  = σ  v 2  + σ  u 2    and   γ = σ  u 2  /  (  σ  u 2  + σ  u 2   )    [37]. The above model specification also encompasses several other model specifications; if T = 1 and zit contains the value 1 and only a constant term, then the model can reduce to the truncated normal specification, where δ0 would have the same interpretation as the µ parameter. Besides, specifications mentioned in Equations (2) and (3) are non-nested and no set of restrictions are defined to permit a test of one specification versus the other.




2.3. Data and Source


This section of the paper presents the Stochastic Frontier approach corresponding index numbers useful in efficiency analysis. Accordingly, seven observations were taken for the Stochastic production analysis, and the time series data were taken from 1971 to 2018. The data were collected from agriculture statistics, Pakistan Bureau of Statistics, Ministry of Labor and Employment, Fertilizer use by Crop-FAO [38]. Seven different production variables, defined to encompass the function’s variables, were used in cotton production: [   Y 1   ] represents the total production of cotton in one thousand bales; [   X 1   ] cultivated area for cotton crop in one thousand hectares; [   X 2   ] human labor in the agriculture sector, which is taken as the proxy of cotton labor; [   X 3   ] the available number of tractors in the country and available agriculture machinery, which is taken as the proxy variable of infrastructure, such as roads and the improvement in marketing facilities; [   X 4   ] consumption of cotton seed; [   X 5   ] electricity consumption in the agriculture sector taken as an explanatory variable; [   X 6   ] fertilizer consumption for the cotton crop taken as a major determinate of the production; and [   X 7   ] availability of irrigated water for monsoon crops, which is taken as an essential variable. The next section briefly explains the model specification.




2.4. Method


2.4.1. Statement of Hypothesis


The Maximum likelihood estimates of the parameters of the inefficiency model and stochastic production frontier. For the estimation parameters of the production frontier and the influencing factor of the cotton productivity, this study investigates the model validation for the analysis.


    H 0  = γ = δ 0 = δ 1 = δ 2 = 02     H 1  = γ = δ 0 = δ 1 = δ 2 = 02 = 0   











   H 0   : Null hypothesis to be tested that there is no inefficiency in the model.



   H 1    = Technical Inefficiency variables are not affected by the independent variables included in the model.



For the estimation parameters of the production frontier and the influencing factor of the cotton productivity, this study investigates the model validation for the analysis. Because the parametric SFA requires a particular functional form, the hypotheses considered for investigation are (A):    H 0   : and    H 1   , where    H 0    is restricted model and    H 1    is an unrestricted model; with the assumption that the unrestricted model is better than a restricted model, as estimated by likelihood ratio LR, defined as,   L R = 2 [ L  (   H 0   )  / L  (   H 1   )   ; and L1 is the value of the log likelihood function ration under the specification of the null and alternate hypotheses. The likelihood test statistics have an asymptotic Chi-square.




2.4.2. Dependent Variable




	ln   (   Y  i t    )   
	is the natural log of cotton production output in bales.



	    Y  i t     
	is the only variable that represents the total production during the time period.







2.4.3. Independent Variable




	ln   (   X 1   )   
	is the natural log of the area under cotton in acres.



	ln   (   X 2   )   
	is the natural log of the consumption of fertilizer nutrients for the cotton crop (i.e., nitrogen (N), phosphorus (P) and potash).



	ln   (   X 3   )   
	natural log of cotton seed consumption.



	ln   (   X 4   )   
	natural log of the source of irrigation for the monsoon crops: canal, tube, well, in million-acre feet.



	ln   (   X 5   )   
	natural log of the consumption of electricity access to the farm/rural area taken as the dummy variable of electricity consumption of cotton crops because there is unavailability of electricity consumption specific to cotton crops.



	ln   (   X 6   )   
	natural log of the labor force employed in the agriculture sector.



	ln   (   X 7   )   
	natural log of no of available tractors and agriculture machinery.







2.4.4. Method Determination the Return Scale with a Trans Log Function Diagnostic Tests on Data


The current study adopted the computer program Frontier 4.1 to estimate the inefficiency model and maximum likelihood ratio of the stochastic production frontier parameters. Since checking the model’s validity is necessary before evaluating the production function parameter and the factor affecting the cotton crop inefficiency, the model assumed two hypotheses. The hypotheses were tested using the generalized likelihood-ratio LR, which is defined as   L R = − 2 l n [ L  (  H 0  )  / L  (  H 1  )   . The results of these estimation’s likelihood function values are under the specification of the null and alternate hypotheses, respectively. The Chi-square value is asymptotically distributed with a degree of freedom equal to the difference between the restricted and unrestricted model parameters.






3. Results and Discussion


3.1. Descriptive Statistic of Production Factors


The production function model is used to determine production efficiency. At the first stage, we run a descriptive test to measure the sample’s tendency and dispersion to decide whether it is normally distributed or not and to find the data’s outlier. The summary of the descriptive statistics for the input and output variables included in the stochastic frontier model are presented in Table 1. The result showed that the mean cotton production in the study area was 8264 tons (in thousands) bales during the period. The mean number of cultivated areas to producers’ cotton was 2564 (in thousand) hectares, with a minimum value of 1733.3 and a maximum of 3192.6. The available data show that, from small-scale farms to large scale farms, the minimum and maximum used fertilizer were 46 tons and 1259.75 tons during the period, respectively. The farmers’ average labor force (wage and family labor) to produce all types of crops in the agriculture sector, including cotton, were 37,693 labors (in thousands) for the production cycle. The mean of the machinery use was 376,628 Nos., while the mean of irrigation water was 71 MAF. Similarly, the average seed cost was 4541 tons (in thousands).



This descriptive analysis shows that, in sample data,    Y 1  ,  X 1  ,  X 3   , are negatively skewed, which means the tail lies on the left side on the central value, while    X 2  ,  X 4  ,  X 5  ,  X 6    has the long right tail. All the variables in the model are in platykurtic form except Machinery (X7), which is in a leptokurtic form that means that it has positive kurtosis (peak curve). Jarque–Bera statistic results also show that the data are normally distributed. Probability statistics show that the Jarque–Bera statistic exceeds the observed value under the null hypotheses, while the small values lead to the acceptance of the null-hypotheses, which means the curve is a normal distribution. These results of the descriptive analyses do not permit us to evaluate the contribution of each factor of production to the achievement of the production objectives nor the productive performance of the cotton production during the study period. Hence, only an econometric estimation of the production frontier was used to assess efficiency status of the cotton production inputs and to isolate the probable sources of its growth.




3.2. Unit Root Test


It is a standard procedure to check the stationarity of the time series data, as time series data usually demonstrate the unit root problem. Therefore, before performing the proper analysis, the selected variables were subjected to a standard unit root test to examine the stationarity level of the variables, and results were verified by two tests: Kwiatkowski-Phillips-Schmidt-Shinand and Augmented Dickey-Fuller (ADF). The estimated results of the unit root test are presented in the Table 2 and show that labor is not stationary at the first difference, and it becomes stationary at the trend and intercept. The result of the Augmented Dickey-Fuller (ADF) Test and its significance level at 1 and 5 percent level indicated that all the variables are stationary at I(0) and I(I). However, none of the variables are stationary at I(2). The result of the Kwiatkowski-Phillips-Schmidt-Shin test also validates the results revealed by the ADF test.




3.3. Testing of Hypothesis


The first null hypothesis that we tested was    H 0  = γ = δ 0 = δ 1 = δ 2 = 02 ,   presented in Table 3, and it indicated that the technical inefficiency effects were not present in the selected model. It also suggests that the stochastic frontier production function was the same as the traditional average production function estimated using the OLS procedure. This null hypothesis was rejected. The second null hypothesis was tested as H0: δ1 = δ2 = 0, indicating that the government’s subsidies on cotton and fertilizer were not affected by the input variables included in the model; thus, this hypothesis was again rejected. The second LR result revealed that the variables included in the inefficiency showed technical inefficiency effects for cotton production. Subsequently, it was appropriate to have those input variables in the model.




3.4. Analysis of Econometric Model


The stochastic frontier production model results that estimate the cotton production are presented in Table 4, where 11 parameters were evaluated, including 7 in a stochastic frontier model, 2 in the efficiency model, and the remaining 2 parameters relate to the variance of the random variables. In the frontier function, out of 11 parameters, 9 parameters were significant. The test results of the likelihood ratio showed that the model was significant at the 1% level. Most of the coefficients of the variables were significant at the 1% level and 5% levels.



The random term σv2 perceived the variables that incorporated technical efficiency in the analysis of the production frontier model. The estimation result showed that σv2 was 0.21, and it was significant at the 1% level, indicating goodness of fit, which means the presence of technical inefficiency related to the technical errors in the cotton production. Likewise, the estimation result of γ was 0.999, indicating 99% of the deviation from the production frontier. It was statistically significant with positive elasticity, which indicated that cotton productivity differentials predominantly related to the variance in management. Thus, the specification was much more appropriate in terms of the stochastic production frontier in order to represent cotton production technology.




3.5. Elasticity of Production


The contribution of each factor of production to the productivity of cotton production is demonstrated with production elasticity. The estimation results are shown in Table 4. The result of the estimation shows that the coefficient of all inputs is statistically significant, and the results consist of previous findings [1,39,40]. The output of cotton production is statistically significant, but elasticity is negative. The coefficient of the cultivated area under the cotton crop is statistically significant. It shows a positive relationship at the 1% level, revealing that the cultivated area under the cotton crop remains as an important contributor to improving the technical efficiency in cotton production. This implies that an increase in the amount of one percent induces an increase of 1.76% technical efficiency in the cotton production, indicating that the area is the first factor that would cause the rise in cotton production. The fertilizer coefficient shows a negative relation at a 5% level, which implies that one percent increase in fertilizer would decrease the 0.13% technical efficiency in cotton production. The probable cause of the negative relation between cotton crop and fertilizer could be the farmer’s access to the low quality of fertilizer [41,42]. Another reason could be that the farmers are applying higher doses of chemical fertilizer on the cotton crop, due to a lack of technical knowledge of fertilizer combination [43]. Seed consumption has a positive significant relation with cotton production, which implies that a 1% increase of seed consumption would increase technical efficiency of the cotton crop by 0.52%. Irrigation shows an inverse relationship with cotton production. Empirical results reveal that a 1% increase in irrigation could decrease the technical efficiency of cotton production by −1.97%. The possible cause of this negative relation could be the outdated and least efficient irrigation and water storage system, which does not correspond to the water storage requirement as it is operated on historic canal diversion patterns. Therefore, combined with the high seasonal pattern of the river flow and insufficient reservoir capacity—which provides 85% of water during monsoon crop season (cotton) [44]—the increase in water supply will affect the growth of the cotton plant, which would reduce the cotton yield [45]. The cotton crop is resilient to the drought due to its vertical root, and much more sensitive to the availability of water at flowering and boll formation stage, which need adequate quantities of water [46,47]. The availability of a high quantity of water in canals could be a reason for the inverse relationship between cotton production and irrigation. Furthermore, access to poor irrigation water also affects crop yield, quantity, and production. In addition, the excessive accumulation of salt affects the root zone of plant [42], which could be another reason for the negative relationship between crop production and irrigation variable. The coefficients of electricity and agriculture machinery are also statistically negative with cotton production, which implies that the 1% increase in these inputs would reduce cotton production by 0.19 and 0.10, respectively. A possible cause for these inverse relationships could be due to outdated and unmaintained machinery, the lack of the adoption new agriculture technologies [48], unwillingness to use due to lack of credit facilities [49], shortage of electricity [50], and high prices of electricity and agriculture machinery. The labor force was the second affecting factor that increased the cotton production. The coefficient of labor was positively associated with the cotton production, implying that a 1% increase in labor force would improve the technical efficiency by 1.3% in cotton production. The results are similar to the previous studies, indicating that the cultivated area, labor, and seed variables under the cotton crop remain significant contributors, leading to improved technical efficiency in cotton production in Pakistan [1,28,39,40,51].



The estimated parameters of variables used in the inefficiency model are provided in Table 4. Both variables assessed in the inefficiency effect are statistically significant; however, the cotton crop’s subsidy shows a positive relationship with cotton production. Additionally, in the inefficiency model (U), the seed subsidy has negative elasticity, but it is not significant. The subsidy provided by the government for cotton is statistically not substantial, but its elasticity is positive, indicating an essential factor in decision making to have a positive effect on cotton production. A prospective reason for such a relationship may be linked with government organizations’ slow processing in providing those subsidies after cultivating crops. The seed subsidy’s elasticity carries a negative sign, demonstrating that the overall per hectare yield would be lower after the policy is implemented, indicating a similar trend to the previous research [21].




3.6. Technical Efficiencies of Cotton Production


The presence of technical inefficiency, tested using LR test, was 0.31, which is lesser than the critical chi-square value of 21.66 [52]. Therefore, the null hypothesis of the production inefficiency is rejected.



The production efficiency score ranges between 0.36 and 0.99, with the distribution seeming to be skewed toward the frontier. The production efficiency index is in the 99 percentage. The average efficiency score is 85% for the data taken from the last 48 years where 43% of the year production scores are in the range of 0.36–0.85, while 56% of year scores range are above average. These findings of the production efficiency score shows in Table 5, indicate the need to reduce 13% input to attain the status of most economical efficiency.





4. Implications and Concluding Remarks


The study adopts a more specific case of cotton production to represent the non-food crop perspective for developing countries like Pakistan, a top-ranked cotton-producing country that has recently started importing raw cotton and struggling to manage the declining cotton yield. This study examined the evolution of the overall cotton production and its determinants that have been inefficiently used over time in developing countries based on the stochastic frontier approach that was employed to measure the production frontier and efficiency relationship by tracking the efficiency changes and technological factors concerning those multiple input factors. Accordingly, the analysis is exampled on Pakistan’s cotton production data from 1971–2018 in view of the specific non-food crop perspective of a developing country that has been a top-ranked cotton-producing country and has recently been shifting towards a non-exporter of cotton due to low yield. Accordingly, the study offers the following contribution with concluding remarks.



4.1. Theoretical Contribution


The study offers some theoretical contribution to the few studies related to cotton technical efficiency literature. First, the study estimates the indices of crop-specific technical efficiency changes and total factor of production, covering a longer time period using SFA for the non-food crops perspective. As the main benefit, since this approach can account for composed-error by separating the noise from inefficiencies, it tracks efficiency changes and technological changes in overall productivity from practical aspects [53]. Hence, scaling non-constant returns of those multiple factors is possible to allow for the violation of various situations, which is one of the necessary conditions for the long-run completive equilibrium in productivity measurement [12]. The other benefit of using such an approach is the ability to authorize systematic variation with time [54]. Moreover, using time-series data enable us to account for some heterogenicity that we cannot control in cross-section data. It is the way the current research prefers for SFA to estimate efficiency and cotton growth data considering its efficiency over other approaches in the agricultural economic literature [54]. Second, parametric procedures also allow the functional specific need to accommodate (a) calculating single output from multiple inputs, (b) testing the hypothesis, and (c) the availability of maximum likelihood econometric estimates. These features could well accommodate a more specific crop perspective of a developing country [16], as in the case of cotton production in Pakistan, a top-ranked cotton-producing country that has stopped exporting cotton since 2010 [25]. For instance, such features accommodate accurate estimation of productivity measures breakdowns when multiple inputs lead to a single output [19], rather than concentrating more on multiple-output and multiple-input technology that many previous studies have assumed [20,55]. Moreover, the study would also estimate the hypothesis “whether subsidies affect cotton crop production.” Third, the study puts forward corresponding policy recommendations specifically for improving cotton production efficiencies under practical scenarios, unlike previous studies that assume cotton production under ideal/efficient condition and treat it as a residual, using index numbers such as Törnqvist [1]. Thus, this narrow focus of cotton output could dig into the possibility of realizing similar productivity and productivity growth analysis for other developing countries




4.2. Implications


The study revealed various findings. First, the study finds a positive relationship between cotton productivity and the using cultivated area, particularly cotton growth, which was significantly higher in those years when the government provided subsidy on the cotton crop as a farmer had more to spend on other productions factors. Second, those findings also indicate that cotton productivity has a strong inverse relationship with the fertilizer to the cotton crop. Given the importance of balance fertilizer management practices [56], an inverse relationship may be associated with low quality of fertilizer or farmers applying higher doses of chemical fertilizer on cotton crop, less knowledge of fertilizer combinations [57]. Third, the technical efficiency is negatively associated with irrigation; as a result of efficiency analysis, average technical efficiency is about 85 percent over the period. But it was at 36 percent level during the period. This negative trend in cotton productivity could be due to the prevalence of leaf curl virus disease in the cotton crop [58], which appears in the 1990s, and symptoms were seen in 2002 or ineffective use of irrigation strategy. Moreover, the apparent reason for this could be the waterlogging, salinity, and high usages of the brackish underground; results endorse observations of the previous study [59]. Forth, the subsidy remains a vital policy carried on crop production; however, most literature shows that subsidy could reduce the per hectare yield, our results are parallel to the other research results [21]. In contrast, the seed subsidy policy has failed to increase Pakistan production of cotton crop effectively.



The findings mentioned above suggest few implications in Pakistan’s perspective that could provide initial guidelines for policy makers in improve cotton productivity due to its contribution to the country’s economy and poverty alleviation [60]. First, the findings suggest a negative impact of technical progress on cotton production growth. It seems like either implementation of new technological solutions on production input (better seed quality, better fertilizer, better infrastructure, and land leveling) or generation of new technological solutions [60], has some issue that needs to invest in Agriculture research and development. Accordingly, government, agriculture union, NGOs should develop policies to improve technical efficiency by providing advisory support to production factors and better use of inputs. Moreover, considering the strong combined impact of fertilizer and irrigation [59], the government should increase awareness regarding the irrigation system’s efficiency, fertilizer use, and strict regulation regarding low-grade fertilizers to fully exploit the existing economies of scale in the sector. Such policies should be included within the agriculture development framework for small and big-level farmers that help increase efficiency, transfer, and generation of technology, implement the best practices, and provide access to credit, market opportunities, and production inputs. These policies must be accompanied by strategies to limit imports of clothes and expand the export of cotton and yarn to encourage the cotton crop’s local production and improve agriculture farmers’ living conditions.



Moreover, few practical implications considering developing countries’ perspective could also be drawn. First, this study contributes to the literature of crop-wise efficiency or technical efficiency, an understudied research area (considering the agriculture crop diversity [60]) having great potential of relevant multifactor information that might facilitate detailed options to navigate between various factors of production for a single crop. Second, the study also offers policy guidelines for cotton crop multi-source productivity, particularly from the developing country perspective, a predominant exporter of raw cotton [1]. Such multifactor productivity information can also be applied to farm practices indirectly associated with cotton to choose between socio-ecological factors [3]. Third, the study analyzed the focus of cropping preference regarding intensification or extensification in developing countries like Pakistan. It would facilitate forming strategic guidelines for policy making institutions and other stakeholders associated with sustainable non-food crop production practices.




4.3. Conclusions


Recent global uncertainties have increased the awareness of affordable technology-driven agricultural solutions, which are contemporary demands of developing economies, mainly supported by agriculture practices and scarce resources. In seeking those solutions, the TFP remains a significant indicator. Accordingly, the crop-specific technology is viewed for the cotton production inefficiencies and its role in developing economies taking Pakistan’s case study.



This study analyzes the efficiency changes and technological factors of various sources of cotton growth from practical aspects, i.e., scaling non-constant returns of those multiple factors that allow violation of various situations. The study adopted Pakistan’s cotton production case to represent a typical non-food crop perspective of developing countries, i.e., a country that has recently not been involved in exporting the cotton crop despite being a top-ranked cotton-producing country. Therefore, the study’s findings revealed various insights in connection with cotton production inefficiencies. Accordingly, the study finds a positive relationship between cotton productivity and the using cultivated area; however, a strong inverse relationship was observed with the chemical fertilizer to the cotton crop productivity. Moreover, technical efficiency was observed to be negatively associated with irrigation, while subsidy could reduce the over yield per hectare, particularly the seed subsidy policy. These findings need to be prioritized by policymakers in Pakistan. As the model adopts Pakistan’s context, the overall statistical analysis is generalizable to other developing economies, particularly concerning the issue of the constant declining yield of non-food crops. Given the scarce financial and technological resources of developing countries, these results would facilitate their strategy workers in designing and developing affordable technology-driven solutions and Agri-resource efficiencies for sustainable non-food crop production.



This study also offers some limitations. Since the present study evaluated efficiency analysis based on tracking efficiency and technological change in overall productivity over the past five decades, this does not imply that the crop management practices were ideal in those years. There was almost certainly room for improvement for considering other factors of production that are not being considered due to limited data availability. Further studies are encouraged for management reviews.
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Figure 1. Cotton Production by country Worldwide in 2018/2019 (Source: world bank, Graph 2). 
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Figure 2. Cotton yield by country in 2019 (Source: Author own computation). 
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Table 1. Descriptive statistics of the variable vectors used in the SFA under seven different combinations of distributional assumptions.
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Variable

	
Unit

	
Mean

	
SD

	
Minimum

	
Maximum

	
Skewness

	
Kurtosis






	
    (   Y i   )    

	
Production (000)

	
Bales

	
8264.448

	
3770.031

	
2557.8

	
14,265.2

	
−0.1428

	
1.617904




	
    (   X 1   )    

	
Area (000)

	
Hectares

	
2564.706

	
453.4895

	
1733.3

	
3192.6

	
−0.45123

	
1.799832




	
    (   X 2   )    

	
Fertilizer

	
Tones

	
500.1513

	
359.958

	
46

	
1259.75

	
0.346148

	
1.768292




	
    (   X 3   )    

	
Seed (000)

	
Tons

	
4302.503

	
1801.136

	
1304.1

	
7779.4

	
−0.26666

	
1.848038




	
    (   X 4   )    

	
Irrigation

	
MAF

	
71.26875

	
9.01249

	
56.33

	
86.93

	
0.029849

	
1.737987




	
    (   X 5   )    

	
Electricity

	
GWH

	
5463.545

	
3311.117

	
876.688

	
12,525.94

	
0.156374

	
1.901286




	
    (   X 6   )    

	
Labor force (000)

	
Nos.

	
37,693.65

	
15,976.42

	
17,281.51

	
70,602.09

	
0.531648

	
2.094445




	
    (   X 7   )    

	
Machinery

	
Nos.

	
376,628.1

	
331,078.2

	
20,000

	
1,211,898

	
1.020978

	
3.006516








Note: summary statistics of input and output variables.
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Table 2. Result of Unit root analysis.
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Augmented Dickey-Fuller (ADF) Test

	
Kwiatkowski-Phillips-Schmidt-Shin Test




	

	
I(0)

	
I(I)

	
I(0)

	
I(I)






	

	
C

	
C & T

	
C

	
C & T

	
C

	
C & T

	
C

	
C & T




	
Production

	
−1.75

	
−3.13 *

	
−8.87 *

	
−8.83 *

	
0.79 *

	
0.14 *

	
0.18

	
0.13




	
Area

	
−1.95

	
0.08

	
−9.17 *

	
−6.44 *

	
0.74 *

	
0.21 *

	
0.23

	
0.09 **




	
Seed

	
−1.84

	
−3.49 **

	
−9.37 *

	
−5.13 *

	
0.79 *

	
0.16 *

	
0.50

	
0.50




	
Irrigation

	
−1.52

	
−3.14 **

	
−7.58 *

	
−7.51 *

	
0.75 *

	
0.10 *

	
0.12

	
0.11




	
Electricity

	
0.100

	
−3.61 *

	
−3.84 *

	
−3.82 *

	
0.88 *

	
0.05

	
0.20 *

	
0.09




	
Labour

	
8.44

	
0.26

	
−1.29

	
−7.63 *

	
0.88 *

	
0.23 *

	
0.80 *

	
0.08 **




	
Machinery

	
8.43

	
2.87

	
−2.52 **

	
4.27 *

	
0.83 *

	
0.21 *

	
0.68 *

	
0.17








Present significance: at * 1% and ** 5% level.
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Table 3. Hypothesis test for model specification.
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	Null Hypothesis (H0)
	LogLH1 (Unrestricted Model)
	LogLH0 (Restricted Model)
	Statistiques LR
	Critical Value
	Decision





	   H 1   : OLS model is adequate
	35.76
	20.06
	31.38
	5.991465
	Reject



	   H 0   : Lack of inefficiency
	22.99954
	35.76
	25.52
	15.50731
	Reject
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Table 4. Estimated parameters of variables used in the inefficiency model.
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Variables

	
Parameters

	
OLS

	
Frontier Function




	
Coefficient

	
t-Ratio

	
Coefficient

	
t-Ratio






	
Constant

	
    β 0    

	
−13.0221

	
−2.9189

	
−10.6543 ***

	
−9.7047




	
Ln (Area)

	
    β 1    

	
1.8955 ***

	
4.2232

	
1.7678 ***

	
15.6427




	
Ln (Fertilizer)

	
    β 2    

	
−0.0930

	
−0.3652

	
−0.1312 **

	
−2.3619




	
Ln (Seed)

	
    β 3    

	
0.2764

	
1.5562

	
0.5225 ***

	
9.10470




	
Ln(irrigation)

	
    β 4    

	
−0.4926

	
−0.9554

	
−1.9720 **

	
−18.0470




	
Ln (Electricity)

	
    β 5    

	
0.0214

	
0.0773

	
−0.1923 ***

	
−3.0839




	
Ln (Labor force)

	
    β 6    

	
0.9268 ***

	
2.8568

	
1.3046 ***

	
25.8351




	
Ln (Machinery)

	
    β 7    

	
−0.1974

	
−1.1191

	
−0.1061 **

	
−2.4034




	
Inefficiency Effect

	

	

	

	

	




	
Constant

	

	

	

	
−0.8003

	
−1.8158




	
Cotton Subsidy

	
δ1

	

	

	
0.1898

	
0.7696




	
Seed Subsidy

	
δ2

	

	

	
−0.34625

	
−1.0515




	
Variance Parameters

	

	

	

	

	




	

	
σv2

	

	

	
0.2155 ***

	
4.1027




	

	
Γ

	

	

	
0.9999 ***

	
8604.7




	
Likelihood log

	

	

	

	

	
35.7622




	
LR test

	

	

	

	

	
0.31




	
Number of observations

	

	

	

	

	
48








*** 1% significant; ** 5% significant.
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Table 5. Frequency Distribution of production efficiency estimates.






Table 5. Frequency Distribution of production efficiency estimates.





	
Efficiency Level

	
Cotton Production Efficiency in Pakistan




	
No.

	
Parentage






	
0.36–0.85

	
21

	
43




	
0.85–0.99

	
27

	
56




	
Total

	
48

	
100




	
Mean Efficiency

	
0.85




	
Minimum

	
0.36




	
Maximum

	
0.99
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