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Abstract. The objective of this study is to measure the production efficiency of Madurese salt farmers in Sumenep Regency. The Data Envelopment Analysis (DEA) model used is the Charnes, Cooper, and Rhodes (CCR) model. The CCR model assumes constant returns to scale (CRS) and focuses on output. Efficiency levels are measured using a computer system with Frontier Analyst software and the linear programming method. The decision-making units (DMUs) in this study are the salt production areas in Sumenep Regency. Input variables include salting area, salt group, salt farmer, and salt selling price. The output variables are production yield and salt quality. Processing the data with LINGO and Frontier Analyst software reveals eight efficient and two inefficient DMUs. The input variables affecting the cost reduction and potential improvement efficiency values are the salting area, salt group, and salt farmer. DMU 6's efficiency improved by increasing the area of salting area, salt group, and salt farmer. Meanwhile, the efficiency of DMU 9 increased with an expansion of the salting area.
INTRODUCTION

[bookmark: _Hlk200819532]As an archipelagic country with more water than land, Indonesia is known for its abundant marine resources, including salt. Domestic demand for salt continues to increase in line with population growth and industrial development. However, local salt production has not been able to meet national needs due to low production optimization and high salting land conversion (1). Folk salt has become an important trade commodity. It has also become a strategic issue for the national economy, especially given the decline in production in the Sumenep district. The government is trying to increase salt production by utilizing coastal resources and improving management. The Structured Downstreaming Project aims to optimize salt production and increase production in Sumenep District (2).
According to data from the East Java Provincial Maritime Affairs and Fisheries Office, there was a significant decrease in salt production in Sumenep District over three consecutive years, from 2020 to 2022. Salt production was around 103,606.09 tons in 2020 and decreased to 47,250.79 tons in 2022.  Sumenep District is known for having the largest number of smallholder salt producers, with ten subdistricts designated as salt-producing areas. Most people in Sumenep District still use traditional methods to produce salt. The success of salt production depends heavily on natural conditions. Despite its great potential, smallholder salt production in Sumenep faces several challenges, including suboptimal production results, unstable prices, and low product quality.
Farmers' income depends heavily on the surrounding environment because production only occurs during the dry season. This results in an inefficient salt production process. Salt farmers have the opportunity to increase smallholder salt production by improving the efficiency and productivity of the production process. Salt businesses in Madura vary in efficiency and productivity. According to Zainury et al. (3), the salt productivity level in the Sumenep district is 73.58 tons/Ha. Some causes of differences in salt production in Madura include climate, weather, facilities, infrastructure, and seawater concentration (4). Using geomembranes in dry weather can increase productivity to 160 tons/Ha (5). Therefore, it can be concluded that the average level of salt productivity in Madura is low. In other words, Madurese salt production is not efficient.
Therefore, it is necessary to analyze the efficiency of salt production by the Madura people, particularly in the Sumenep district.  This study aims to determine the efficiency of Madurese salt production in Sumenep District using the DEA approach. The results of this study are expected to provide information on salt-producing areas that are and are not efficient. It will also identify which input variables need improvement to increase efficiency in areas that are not yet efficient. DEA applications have been used in many fields such as transportation (6), environment (7), sustainability (8), human development (9), health (10), banking and finance (11), and education (12). 


RESEARCH METHOD

This research has five main stages: problem identification, data collection, data processing, analysis of results, and conclusions and suggestions. The study aims to measure the efficiency of salt production by the Madura people in the Sumenep district. Data were obtained through observations and interviews with salt farmers, as well as from several related agencies. The required data includes information on the distribution of salt production areas, salt production land, salt production groups, salt farmers, salt prices, and salt quality in Sumenep District. This study uses the data envelopment analysis (DEA) approach, which employs two methods to calculate efficiency levels: linear programming equations and computational systems. The DEA linear programming model is solved with the help of Lingo software. Lingo software assists in solving, calculating, and analyzing linear, integer, and nonlinear optimization problems (13). The measurement uses a computational system with Frontier Analyst software. Frontier Analyst software can determine the target input for inefficient decision-making units and display potential improvements on which to base further evaluation and action to improve efficiency values (14).
The DEA approach is an analytical method used to measure the relative efficiency of an entity that converts inputs into outputs (15). DEA identifies units that perform well or poorly at maximizing output given their inputs (16). It is commonly used for performance comparisons and improvements in various sectors (15). This study uses the DEA CCR model under the assumption of CRS (constant return to scale), which is output-oriented.  The following mathematical programming model measures efficiency levels (17). The DEA approach is an analytical method that measures the relative efficiency of entities converting inputs into outputs (15). It identifies units that perform well or poorly in maximizing output with available inputs (16). It is commonly used in the context of performance comparison and improvement in various sectors. This study uses the DEA CCR model under the assumption of CRS (constant return scale), which is output-oriented. This DEA model is widely used (18). The following is a mathematical programming model to measure efficiency levels (16).

Objective function:
	                                                    (1)

Subject to:
	                                                                   (2)

	                                                    (3)

	                                                                  (4)



Where:
	= the number of output k produced by DMU j
	= the number of input i produced by DMU j
	= the weight assigned to output k
	= the weight assigned to input i
	= number of DMUs
	= The DMU is being assessed

RESULT AND DISCUSSION

Determination of DMU and Research Variables

The Decision-Making Unit (DMU) in this study comprises ten producing areas of people's salt producers in the Sumenep district, as determined through field observations, interviews, and literature studies. The Madura salt-producing areas in the Sumenep district include Arjasa, Gapura, Giligenting, Kalianget, and Kangayan. Pragaan, Raas, Sapeken, Saronggi, and Talango (Table 1). The four input variables used were the area of salting land, salt group, salt farmers, and selling price of salt. The output variables include production yield and product quality (Table 2). A research DMU is expected to have a relationship with more input and output variables than are used (15).

TABLE 1. DMU data
	No
	Subdistrict
	DMU

	1
	Arjasa
	1

	2
	Gapura
	2

	3
	Giligenting
	3

	4
	Kalianget
	4

	5
	Kangayan
	5

	6
	Pragaan
	6

	7
	Raas
	7

	8
	Sapeken
	8

	9
	Saronggi
	9

	10
	Talango
	9




TABLE 2. Research variables
	Variables
	Variable Types
	Unit

	Salting Area
	Input
	Meter

	Salt Group
	Input
	Group

	Salt farmer
	Input
	Person

	Salt Selling Price
	Input
	Rupiah

	Production Yield
	Output
	Ton

	Salt Quality
	Output
	Percent



Table 3 below presents research data on salt production in ten Madurese areas in the Sumenep district. This data was obtained through field observations, interviews with relevant parties, and literature studies. It provides information on the amount of salt produced by people each year.



TABLE 3. Research data
	DMU
	Subdistrict
	Salting Area
	Salt Group
	Salt farmer
	Salt Selling Price
	Production Yield
	Salt Quality

	1
	Arjasa
	24.50
	9
	70
	1,200
	2,459
	0.93

	2
	Gapura
	295.30
	34
	227
	1,500
	41,499
	0.96

	3
	Giligenting
	175.88
	16
	366
	1,200
	18,760
	0.93

	4
	Kalianget
	485.93
	30
	299
	1,500
	63,900.41
	0.96

	5
	Kangayan
	14.94
	3
	16
	1,200
	1,944
	0.93

	6
	Pragaan
	207.80
	13
	178
	1,500
	23,979.9
	0.96

	7
	Raas
	126.30
	19
	159
	1,200
	13,460
	0.93

	8
	Sapeken
	50.76
	14
	150
	1,200
	5,525
	0.93

	9
	Saronggi
	385.19
	24
	260
	1,500
	36,596
	0.96

	10
	Talango
	8.00
	1
	10
	1,500
	561
	0.96



Efficiency Measurement Using a Linear Programming Model

The DEA linear programming model was created by entering parameters into the research model. The model was then solved using LINGO software, and the results are shown in Table 4 below.

TABLE 4. DEA optimization result using Lingo
	DMU
	Subdistrict
	Objective Value
	Efficient/Inefficient

	1
	Arjasa
	1,000000
	Efficient

	2
	Gapura
	1,000000
	Efficient

	3
	Giligenting
	1,000000
	Efficient

	4
	Kalianget
	1,000000
	Efficient

	5
	Kangayan
	1,000000
	Efficient

	6
	Pragaan
	0,939839
	Inefficient

	7
	Raas
	1,000000
	Efficient

	8
	Sapeken
	1,000000
	Efficient

	9
	Saronggi
	0,908094
	Inefficient

	10
	Talango
	1,000000
	Efficient



As shown in Table 4, there are two inefficient DMUs and eight efficient DMUs. A DMU is considered efficient if its efficiency value is greater than or equal to 1. If the efficiency value is less than or equal to 1, the DMU is considered inefficient (18). The efficiency level of a decision-making unit is interpreted by the objective value and the reduce cost value. The objective value interprets the value of the variables in each DMU to produce an optimal objective function value. The reduce cost value interprets the cost reduction of each variable to achieve an optimal solution in a used DMU. Two DMUs have inefficient values, meaning they have not reached the optimal level of efficiency and require improvement or reduction in their cost reduction value.  These DMUs are DMU 6, with an efficiency score of 0.939839, and DMU 9, with an efficiency score of 0.908094.  The DMUs that have achieved perfect efficiency values are DMU 1, DMU 2, DMU 3, DMU 4, DMU 5, DMU 7, DMU 8, and DMU 10.

Measurement of DMU Efficiency with Frontier Analyst Software

The efficiency value of Madura people's salt production was measured using the DEA model approach with the help of Frontier Analyst software. The DEA-CCR model approach for efficiency measurement is based on CRS assumptions and is output-oriented, as shown in Table 5.

TABLE 5. Results of the efficiency measurement using Frontier Analyst Software
	DMU
	Subdistrict
	Score (%)
	Category 
	Efficient/Inefficient

	1
	Arjasa
	100
	Green
	Efficient

	2
	Gapura
	100
	Green
	Efficient

	3
	Giligenting
	100
	Green
	Efficient

	4
	Kalianget
	100
	Green
	Efficient

	5
	Kangayan
	100
	Green
	Efficient

	6
	Pragaan
	94
	Amber
	Inefficient

	7
	Raas
	100
	Green
	Efficient

	8
	Sapeken
	100
	Green
	Efficient

	9
	Saronggi
	91
	Amber
	Inefficient

	10
	Talango
	100
	Green
	Efficient



A decision-making unit (DMU) is considered efficient if its efficiency score is 100%, while an inefficient DMU has an efficiency score below 100%. The traffic light indicator interprets the level of efficiency in the decision-making unit. There are three categories: green, amber, and red. The green range indicates a perfect or optimal level of efficiency with an efficiency value of 100%. The amber range, with an efficiency value of 90-99.99%, indicates that the DMU is nearly efficient, but improvement is still needed. The red range, with an efficiency value of 0-89.99%, indicates that the DMU is inefficient and improvement is needed.
Table 5 shows that eight DMUs have an optimal or perfect efficiency score of 100%, namely DMU 1, DMU 2, DMU 3, DMU 4, DMU 5, DMU 7, DMU 8, and DMU 10. Meanwhile, DMUs 6 and 9 have inefficient scores and require improvements. These DMUs are located in the Pragaan and Saronggi subdistricts. DMU 6 has an efficiency value of 94%, while DMU 9 has an efficiency value of 91%. The inefficiency of these DMUs is due to the reduced cost and potential improvement in three input variables: salting area, salt group, and salt farmer. The reduced cost and potential improvement values of the inefficient DMUs are shown in Table 6.

TABLE 6. Inefficient DMU 
	DMU
	Subdistrict
	Reduce Cost
	Objective Value
	Potential Improvement
	Score

	
	
	Salting Area
	Salt Group
	Salt Farmer
	
	Salting Area
	Salt Group
	Salt Farmer
	Score

	6
	Pragaan
	11.795
	0
	48
	1
	-18.69%
	-58.72%
	-68.01%
	94

	9
	Saronggi
	60.59
	0
	90
	1
	-27.33%
	0%
	0%
	91



Table 6 shows that to increase the efficiency of DMU 6 in the Pragaan subdistrict, improvements to the salting area, salt group, and salt farmer are necessary. In contrast, improving the salting area is all that is required to make DMU 9 efficient.
CONCLUSION

This study uses the DEA model to measure the efficiency of salt production by the Madura people in Sumenep Regency. The study was conducted in ten DMUs, or salt-producing subdistricts, in Sumenep District. The input variables include salting area, salt group, salt farmer, and salt selling price. The output variables include production yield and salt quality. Data processing using either LINGO or Frontier Analyst software tools revealed that eight DMUs are efficient and two are inefficient. The results indicate that three input variables influence the efficient values of reduced costs and potential values. They are salting area, salt group, and salt farmer. DMU 6's efficiency improved by increasing the area of salting area, salt group, and salt farmer. Conversely, improving the efficiency of DMU 9 only requires an increase the salting area. Further developing this research requires more detailed identification of input and output variables. The reduced cost and potential improvement results can be used to develop a concrete proposal to improve the efficiency of salt production by the Madura people in Sumenep District.
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