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			Abstract | This study estimates the expediency of Technical Efficiency (TE), Allocative Efficiency (AE), Overall Efficiency (OE) and Scale Efficiency (SE) for 183 cooperatives in Battambang, Cambodia. Typically, each cooperative is well-organized vis-à-vis TE, AE, and OE correspondingly. The results of the study indicated that around 66.77%, 20.20%, and 13.11% of the cooperatives are functioning under the increasing, constant and decreasing return to scales, respectively. As a result, a cooperative tend to cut costs by concentrating on TE, AE, and OE instead of lowering costs. Furthermore, the study has introduced the ordinary least squares (OLS) model to examine the relationship between profitability ratios and performance measures, which indicates that return on assets and equity are linked to technical and distribution efficiency. The cooperatives could increase their profits by upsurging sales performance instead of improving technical performance. These results also confirm that cooperatives managers should give greater importance to the effective use of capital and labor by increasing agricultural output.
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			Introduction 

			The agricultural cooperatives primarly established to take into account the common needs of the households by the ensuing principle of equality and fairness, based on self-support with the objective to overwhelm the hardness of life. Furthermore, cooperatives strive to cut the cost of production to a significant level, strengthen market competitiveness and improve varied kinds of efficiencies in the production processes. Agricultural cooperatives anticipate that through the cooperation of the members, resources can be utilized efficiently to create comparative advantages and achieve a common goal. Subsequently, it is very important for cooperatives to attain all kinds of efficiencies (Technical Efficiency (TE), Allocative Efficiency (AE), Overall Efficiency (OE) and Scale Efficiency (SE)), as efficiencies have a direct impact on agricultural production and distribution of income among the farmers. Therefore, it is vital for agricultural cooperatives to expand and achieve all kinds of efficiencies by working effectively. Generally, it is easy to estimate the technical relationship between inputs and outputs for profit-oriented organizations. However in the case of non-profit organizations, to estimate such sort of relationship is always challenging , as a non-profit organization has different standards and criteria which are difficult to quantify. In case of non-profit organizations, the technical relationship between inputs and outputs is not much significant as the ultimate objective of the organization is social benefit and coherence. 

			Presently, there are 183 agricultural cooperatives in the Battambang Province, Cambodia. However, some of the agricultural cooperatives are most efficient, but it is imperative to bring both inefficient and efficient cooperatives under discussion for the sake of comprehensive understanding. Agricultural cooperatives are one of the core agricultural communities of the farmers in Battambang, where members are striving hard for the greatest economic benefits in agricultural production and sales. Additionally, the cooperatives playing a major role in the promotion of agricultural development, rural prosperity and improving the standard of lives of farmers. Nevertheless, presently in Cambodia agricultural cooperatives are facing widerange problems e.g. scarace resources, shortage of technical personnel in management, , lack of awareness and training, an indecorous regulation system and absence of an appropriate policy for cooperatives. For the same reason, the function of the cooperatives is not ascertained and less effective in Cambodia. In this regard, researchers and policymakers are engaged to conduct and deliberate some relevant research on the agricultural cooperatives in Cambodia.

			Dong (2010) investigated the efficiency of agricultural cooperatives based on the four factors: wages, capital, size of the community and social protection. Xu et al. (2011) specified that the scale of agricultural cooperatives affects operational efficiency. Xu (2010) has documented that the social cohesion of agricultural cooperatives has double outcomes: economical and ethical. The economic value is associated with production, selling of goods and services while the ethical aspect is linked with the principles of agricultural cooperatives. Zeng and Zhang (2011) highlighted that a suitable and effective management system in agricultural cooperatives is more effective and efficient, to get the maximum profit. Nevertheless, the aforementioned studies only discussed the valuation factors which are responsible for the technical and operational efficiency of agricultural cooperatives. However, this paper has estimated all kinds of efficiencies (TE, AE, OE and SE) for the Battambang cooperatives by applying the most appropriate Data Envelopment Analysis (DEA) model. Henceforward, in this study is carried out the analysis by using more comprehensive and updated data and put forth some useful policy implications for the development of cooperatives. In order to depict the meticulous relationship between inputs and outputs in cooperatives, it is imperative to study the various kind of efficiencies. Consequently, the objective of this study is to comprehend and asses the TE, AE, OE, and SE of agricultural cooperatives in Battambang. The rest of the study is organized as follow; the next section offers research methodology while the upcoming two sections offer results and discussionand conclusion of the study, respectively. 

			Materials and Methods

			This study has applied secondary data, extracted from the Annual Books of Cooperative and Balance Sheet of Cooperative of the Battambang province, Cambodia spanning over the period 2013-18. The cooperative of Cambodia is involved in the production of crops, fruits, services, fisheries, livestock, agrochemicals, food products and to provide different types of services to the farmers. Moreover, the complete balance sheet and income statement consist of audited financial statements which are extracted from the Department of Agricultural Cooperatives Promotion (DACP). Moreover, in total there are 183 cooperatives in the Province are included in our study. All the variables are in nominal form, therefore, formally to apply an appropriate econometrics technique , first, these are adjusted with Gross Domestic Product (GDP) deflator (the based year is 2010) Khan et al. (2018). The major outputs of the cooperatives are grain, fertilizers, agrochemicals, food products, and other products, while labor and capital (including management and staff) are the inputs

			Econometrics model 

			The Data Envelopment Analysis (DEA) propounded by Charnes, Cooper and Rhodes in (1978) has been utilized for the empirical analysis. The purpose of the model is to estimate the relative effectiveness and efficiency of cooperatives in case of multiple inputs and outputs of non-profit organizations. The efficiency frontier is defined by the most efficient in multiple decision-making units and linked to actual effectiveness to determine the relative effectiveness of the DUM. If the efficiency score is at the frontier, then the cooperatives are relatively effective, otherwise comparatively inefficient. Henceforth, this study has considered the super-efficiency approach standard the assumption of input-oriented that DMU is SBM efficiency subject to the constraint of variable return scales. The setting of super-efficiency is deliberated under the assumption that DMU is the part of SBM-efficiency, i.e., it is anticipated that it will be pretty efficient. 

			Let the set of:
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			Whereas all DMU has ‘N’ input and ‘O’ outputs. Where in the vector of inputs and outputs for DMUj is considering:
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			Furthermore, the Y and X can be defined as vectors of inputs and outputs matrices in the following forms:
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			Henceforward, X > 0, and Y > 0. Afterwards, under a variable return to scale the set production function can be derived as follow: 
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			Whereas: γi = (γi γi γi……… γi), T =intensity vector. Therefore, the SBM-DEA model is considering the input-oriented for computing DMU, which is explained as under:
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			However, the unique Advanced Dea Models- Slack Based Models (SBM) model cannot deliver extra precise effectiveness appraisal. Therefore, following by Tone (2002) the mixture of both super-efficiency and SBM approaches have been hurled the Super-SBM model. This innovative modelis presented as under:
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			Hence, to estimate the exact efficiency values, under the Super-SBM model might be generated the efficiency value greater than 1. Although, setup of these econometrics models the constraint under VRS are below respectively.

			 

			[image: ]

			Results and Discussion

			Table 1 reports the results of the frequency distribution of inclusive efficiencies, and the entire efficiencies ranged between 0.20 to 1.00. The frequency distribution of efficiencies shows that overall efficeiency of 35.5% of cooperatives is between 0.20 to 0.60 while for the remaining 64.5% of cooperatives are the efficiency score lies in the range of 0.60 to 1. Similarly, the estimates of technical efficiency and allocative efficiency exhibit that 74.85% and 84.07% of cooperatives respectively are highly efficient as their efficiencies are in the range of 0.60 to 1. Likewise, in the case of seal efficiency, a significant number of cooperative i.e. 92.8% are extremely efficient. For efficiency score more than 0.60, the percentage score of OE, TE, AE, and SE cooperatives is 60 as 65.5, 74.85, 84.07, and 92.8 respectively. 

			Table 1: Results of the inclusive efficiencies.

			
				
					
					
					
					
					
				
				
					
							
							Distribution

						
							
							OE

						
							
							TE

						
							
							AE

						
							
							SE

						
					

					
							
							0.2 < and <0.4

						
							
							09 (4.9%)
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			Whereas: (OE) Overall Efficiency, (TE)Technical Efficiency, (AE) Allocative Efficiency and (SE) Scale Efficiency.

			Note: The detail of descriptive statistic is available in Supplementary Table 1

			Table 2 presents the results of the return to scale competence. According to this analysis, 66.77% of cooperatives under the study are functioning subject to increasing returns to scale while 13.11% operating under decreasing returns to scale and the remaining 20.20% are working under constant returns to scale. The result suggests that a considerable number of cooperatives might be more efficient in adapting their scale and size, however, the cooperatives are more effective to reduce costs by focusing on technical and allocative efficiency rather than expansion.

			Table 2: Return to scale condition of the cooperatives.
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							183(100%)

						
					

				
			

			Whereas: Increasing to Return to Scale (IRS), Decreasing Return to Scale (SRS)and Constant Return to Scale (CRS).

			In order to decompose the financial characteristics associated with inefficiency for this purpose, the OLS model is applied to establish the relationship among efficiency and return on assets and return on equity. Moreover, all of the variables are estimated in log form; therefore, estimates of the model can be interpreted directly as elasticity. The results of the OLS model are reported in Table 3 which exhibit that the relationship between seal efficiency and both returns on equity and return on assets are statistically insignificant. An upsurge in TE, AE, and OE by one percent, intensifies the return on assets by 0.3%, 14%, and 11%, respectively. Likewise, a rise in TE, AE, and OE by one percent, aggravates the return on equity by 0.2%, 0.3%, and 0.44%, respectively. 

			Table 3: The relationship between efficiency and profits.
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			Whereas: (OE) Overall Efficiency, (TE)Technical Efficiency, (AE) Allocative Efficiency and (SE) Scale Efficiency. Standard Errors are in the parenthesis.

			The return on assets and return on equity increased by 0.50% and 0.95% for a variation in the allocation efficiency by 0.1 unit. A unit increase in an allocation efficiency increased the profitability events more than the same technical increase efficiency.

			Table 4 reports the results of TE, AE, SE, and OE to explain cost factors. The results show that the labor is tending underutilized while the capital is overutilized. A 10% reduction in capital costs would increase the technical efficiency by 5.3% but would reduce allocation efficiency and economies of scale by 1.6% and 0.4%, respectively. The elasticity of capital and labor costs based on technical allocation and overall efficiency benchmark. Increasing the workforce by 10% would increase technical efficiency by 6.29%, while reducing allocation and rising efficiency by 1.73% and 0.78%, respectively. Generally, a 10% reduction in capital costs would increase the overall efficiency by 3.2%, while an increase in labor costs by 10% would increase the overall efficiency by 3.9%.

			Table 4: Relatioship between efficiencies indices and cost factors.
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			Standard Errors (SE) are in parenthesis, (CC) Capital Cost, Standard Error.

			Conclusions and Recommendations 

			This study quantifies the effectiveness of the TE, AE, SE, and OE for 183 cooperatives in Battambang, Cambodia. On the average, all cooperatives are efficient in terms of TE, AE, and OE respectively. The results show that cooperatives with values of 66.77%, 20.20%, and 13.11 % are operating under the increasing returns to scale, constant returns to scale and decreasing returns to scale. Therefore, a cooperative in Battambang tends to reduce costs by focusing on TE and AE rather than reducing costs. Moreover, the OLS model is applied to explain the relationship between efficiency indices and industry profitability ratios such as return on assets and return on equity. The return on assets and equity are positively associated with the technical and allocative efficiencies. A cooperative might upsurge its profits by refining allocative efficiency instead of improving technical efficiency at the same level. These results also confirm that optimal production technology and scale insufficient inputs are more important for determining the economic condition compared to non-optimal size. Further study focusing on productivity changes during this period could better explain yield differences between efficiency. 

			Novelty Statement

			This study put forth some useful policy implications for the development of cooperatives. In order to depict the meticulous relationship between inputs and outputs in cooperatives, in this regard, the study is comprehended the Technical Efficiency (TE), Allocative Efficiency (AE), Overall Efficiency (OE) and Scale Efficiency (SE) of agricul-tural cooperatives in Battambang, Cambodia.
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Abstract | This study estimates the expediency of Technical Efficiency (TE), Allocative Efficiency (AE),
Overall Efficiency (OE) and Scale Efficiency (SE) for 183 cooperatives in Battambang, Cambodia. Typically,
each cooperative is well-organized vis-a-vis TE, AE, and OE correspondingly. The results of the study indicated
that around 66.77%, 20.20%, and 13.11% of the cooperatives are functioning under the increasing, constant and
decreasing return to scales, respectively. As a result, a cooperative tend to cut costs by concentrating on TE, AE,
and OE instead of lowering costs. Furthermore, the study has introduced the ordinary least squares (OLS) model
to examine the relationship between profitability ratios and performance measures, which indicates that return on
assets and equity are linked to technical and distribution efficiency. The cooperatives could increase their profits by
upsurging sales performance instead of improving technical performance. These results also confirm that cooperatives
managers should give greater importance to the effective use of capital and labor by increasing agricultural output.
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Introduction have a direct impact on agricultural production and
distribution of income among the farmers. Therefore,

he agricultural cooperatives primarly established it is vital for agricultural cooperatives to expand

to take into account the common needs of the
households by the ensuing principle of equality and
fairness, based on self-support with the objective
to overwhelm the hardness of life. Furthermore,
cooperatives strive to cut the cost of production to a
significant level, strengthen market competitiveness
and improve varied kinds of efficiencies in the
production processes. Agricultural cooperatives
anticipate that through the cooperation of the
members, resources can be utilized efficiently to create
comparative advantages and achieve a common goal.
Subsequently, it is very important for cooperatives to
attain all kinds of efficiencies (Technical Efficiency
(TE), Allocative Efficiency (AE), Overall Efficiency
(OE) and Scale Efficiency (SE)), as efliciencies

and achieve all kinds of efficiencies by working
effectively. Generally, it is easy to estimate the
technical relationship between inputs and outputs for
profit-oriented organizations. However in the case
of non-profit organizations, to estimate such sort of
relationship is always challenging , as a non-profit
organization has different standards and criteria
which are difficult to quantify. In case of non-profit
organizations, the technical relationship between
inputs and outputs is not much significant as the
ultimate objective of the organization is social benefit
and coherence.

Presently, there are 183 agricultural cooperatives
in the Battambang Province, Cambodia. However,
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