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ABSTRACT 

This study aims to determine the supply chain mechanism and analyze the 
supply chain efficiency of tilapia farming in floating net cage (FNC) in Wonogiri 
Regency. This research utilized the Data Envelopment Analysis (DEA) as the 
method. The research was conducted in Wonogiri and Wuryantoro Districts as 
the center of tilapia farming and other districts as marketing objectives. The 
research sample consisted of 50 tilapia farmers, 14 wholesalers, and 6 retailers. 
The data were collected using the snowball sampling method. The research used 
questionnaires and in-depth interviews. The results revealed that the structure 
of tilapia supply chain actors in Wonogiri Regency consisted of farmers, 
wholesalers, and retailers. As much as 35.71% of tilapia farmers chose to sell 
their products to wholesalers, 64.29% to retailers, and none sold directly to 
consumers. Based on performance measurement using the DEA method, the 
most efficient actors in the tilapia supply chain in Wonogiri Regency were 
wholesalers, with an average efficiency value of 0.998, followed by retailers with 
an average efficiency value of 0.982, and the most inefficient actors were 
farmers, with an average efficiency value of 0.789. 

Keywords: Data Envelopment Analysis, efficiency, supply chain, tilapia 

INTRODUCTION 

The potential fishery land in Indonesia is estimated at 17.74 million hectares, 
consisting of 2.23 million hectares of freshwater aquaculture, 2.96 million hectares of 
brackish water aquaculture, and 12.55 million hectares of marine aquaculture. However, 
farmed land utilization has only reached 16.62% for freshwater aquaculture, 50.06% for 
brackish water aquaculture, and 2.09% for marine aquaculture. During the 2011–2017 
period, aquaculture production has increased significantly, from 7.93 million tons in 2011 
to 17.22 million tons in 2017. Accordingly, the production value has increased by around 
22.51% per year in the same period (Directorate General of Strengthening the 
Competitiveness of Marine and Fishery Products, 2018). 

The Central Bureau of Statistics noted that the aquaculture sub-sector has a great 
opportunity to contribute to Indonesia’s Gross Domestic Product (GDP). Fishery GDP 
growth has increased from year to year. During the 2016-2019 period, the GDP growth in 
the fishery sector was higher than the agricultural sector, with an average of 5.56 for fishery 
and 3.54 for the agricultural sector. One of the achievements of the fishery sector’s 
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contribution to national GDP comes from aquaculture activities. Thus, it must be 
considered in the national economy (Central Statistics Agency, 2020).  

Central Java GDP at Current Price According to Business Fields in the fishery sector 
amounted to 6.22 trillion rupiahs in 2010 and reached 12.24 trillion rupiahs in 2017; these 
data indicate a significant increase (Central Java of Central Statistics Agency, 2018). 
According to Kohar and Wibowo (2015), the economic growth of the fishery sector 
continuing to increase in Central Java Province and the increase in demand for fish in the 
future will encourage efforts to improve the quality of fishery products to compete in the 
global market through (1) the efficiency of production costs, (2) improving product quality 
to be accepted by the market, and (3) a wider marketing network. 

Wonogiri Regency is a producer of floating net cage (FNC) fish, placing in third 
place in 2016 in Central Java Province, with a production of 6,343.26 tons (DKP of Central 
Java Province, 2017). Tilapia is farmed in the KJA in the Gajah Mungkur Reservoir. 
However, the production and marketing processes face several obstacles. 

The inefficient supply chain of tilapia in Wonogiri Regency, due to the not optimal 
application of farming technology by farmers, inefficient fish traders in conducting their 
business, fluctuations in tilapia prices due to product availability and unstable consumer 
demand, availability of tilapia products at the farmer level will affect the flow of goods, 
money, and information between farmers, wholesalers, and retailers, which in turn will 
affect supply chain efficiency. According to Indrajit and Djokopranoto (2002), supply chain 
actors cooperate to deliver products on time, in the right quantity, and product quality 
adjusted to the demand of the end consumers. Tilapia products marketed in fresh and live 
are perishable, thus having a high potential for risk of loss in every stage of the supply chain 

(Setiadi et al., 2018). This study aims to determine the supply chain mechanism of tilapia 
farming in Wonogiri Regency and analyze the efficiency of the supply chain. 

RESEARCH METHOD 

This research employed the descriptive analysis as the basic method. This method 
examines the status of human groups, an object, a condition, a thought, or an event in the 
present, aiming to create a systematic, factual, and accurate picture of the facts, properties, 
and relationships between the investigated phenomena (Nazir, 2014). Surakhmad (1994) 
stated that descriptive research focuses on solving actual problems in the present. The actual 
problems observed in this research on the supply chain of tilapia farming in Wonogiri 
Regency were regarding the supply chain management mechanism and its performance. 

The research location was determined purposively in Wonogiri Regency, specifically 
in Wonogiri and Wuryantoro Districts as the center of tilapia farming in FNC and related 
districts as marketing locations. This study used both primary and secondary data. Primary 
data were obtained through interviews and questionnaires to analyze: (1) the tilapia supply 
chain mechanism, 2) the performance of each supply chain actor (3) efforts that can be 
applied to produce an efficient tilapia supply chain. On the other hand, secondary data were 
obtained from the presentation of related agency data functioned as a compliment. 
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Respondents comprised 50 tilapia farmers in Wonogiri and Wuryantoro Districts, 6 
wholesalers, and 14 retailers in several districts. Furthermore, interviews were conducted 
with farmers, wholesalers, and retailers, using the snowball sampling method. According to 

Suratna et al. (1995), snowball is a sampling method with small groups asked to show their 
respective friends. Then the friends were asked to show their friends, and so on. Thus, it is 
expected that the supply chain flow of tilapia from producers to consumers can be 
identified.  

This research utilized the descriptive analysis method. After knowing the description 
of the tilapia supply chain, supply chain actors were analyzed using the Data Envelopment 
Analysis (DEA) method to determine the performance of each actor to improve the 
performance efficiency assisted by DEAP 2.1 software. 

RESULT AND DISCUSSIONS 

Tilapia supply chain mechanism 
Several actors from farmers, wholesalers, and retailers formed the supply chain 

mechanism for tilapia farming in Wonogiri Regency. Pujawan (2005) suggested three 
distribution patterns that must be managed in the supply chain, the flow of goods, money 
(financial), and information. The distribution pattern of goods flows from upstream to 
downstream, money flows in reverse from downstream to upstream, while information flows 
from upstream to downstream and vice versa. 

The supply chain emphasizes more on the series of the flow of materials and 
information, while supply chain management highlights efforts to integrate supply chain 
collections. At the agroindustrial level, supply chain management pays attention to supply, 
stock, and transportation distribution (Vorst, 2004). 

The supply chain channel of tilapia farming in Wonogiri Regency is displayed in the 
following figure. 

 
Information: 

  

FIGURE 1. TILAPIA SUPPLY CHAIN CHANNEL IN WONOGIRI REGENCY 

 

: Information flow 
: Goods flow 
: Money flow 
 

Tilapia farmers  

Retailers  

Consumers 

Wholesalers 
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1. Supply chain channel  
There are three types of flows managed, namely: 
a. The flow of goods from producers to consumers through wholesalers and retailers 
b. Money flows from consumers to traders and from traders to producers 
c. The flow of information moving in two directions along the chain, either from 

producers to traders to consumers or vice versa 
Data accuracy is essential in the supply chain channel, determining the accuracy of 

information and materials or products. An adequate supply chain is inseparable from the 
management regulating it to be proper. Supply chain management takes a systems approach 
to view the supply chain as a single entity (Pujawan, 2005). Janvier (2012) stated that in 
principle, the role of the supply chain is to add value to products by moving them from one 
location to another or by carrying out a process of change to them. Adding value to the 
supply chain can be carried out on quality, delivery costs, or applied to flexibility during 
delivery and innovation (Trienekens, 2011). 

2. Supply chain actors   
a. Actor 1: Tilapia farmers 

Tilapia farmers are the first supply chain actors. They are the producers of tilapia by 
carrying out the farming process from preparing the farming site, spreading seeds, providing 
food, maintaining water quality, preventing and controlling fish pests, harvesting to 
marketing. 

b. Actor 2: Wholesalers 
As the second supply chain actors, wholesalers are directly related to farmers as 

producers of tilapia. They take tilapia from farmers and distribute it to retailers and 
consumers directly as the next supply chain actors.  

c. Actor 3: Retailers 
As the third supply chain actor, retailers obtain goods from farmers or wholesalers 

and distribute them directly to consumers.  

Measurement of Supply Chain Efficiency 
Analysis of the supply chain efficiency of tilapia farming in Wonogiri Regency used 

the Data Envelopment Analysis (DEA) approach. Supply chain efficiency measurement was 
carried out by comparing one actor to another within the supply chain. Each performance 
attribute had a performance indicator useful for determining the performance efficiency of a 
supply chain. This method aims to allocate appropriate resources (Coelli, 1996). The 
performance measurement through the DEA approach involved attributes consisting of 

input and output variables. According to Zhou et al. (2008), DEA makes it possible to 
identify which units are efficient and which are inefficient to improve them to be efficient. 

1. Analysis of Tilapia Supply Chain Efficiency at the Farmer Level 
The performance measurement of tilapia farmers involved 50 samples in two 

districts. The results of data processing illustrate the results of measuring the efficiency of 
tilapia farmers based on the DEAP 2.1 program, presented as follows: 
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TABLE 1. DISTRIBUTION OF DMU BASED ON THE EFFICIENCY LEVEL OF TILAPIA FARMING IN WONOGIRI REGENCY 
Efficiency Value Number of DMU (Person) Percentage (%) 
0     ≤x  <0.1 0 0.00 
0.1  ≤x < 0.2 0 0.00 
0.2  ≤x < 0.3 0 0.00 
0.3  ≤x < 0.4 0 0.00 
0.4  ≤x < 0.5 0 0.00 
0.5  ≤x < 0.6 3 6.00 
0.6  ≤x < 0.7 16 32.00 
0.7  ≤x < 0.8 8 16.00 
0.8  ≤ x <0.9 6 12.00 
0.9  ≤x < 1.0 5 10.00 

1 12 24.00 
Total 50 100.00 

Source: Primary Data Analysis (2019) 

Table 1 indicates that out of 50 Decision-Making Units (DMU) of tilapia farmers, 
only 12 (24%) have achieved 100% efficiency or a value of 1. The characteristics of DMU by 
age are presented in Table 2. 

TABLE 2. EFFICIENCY DISTRIBUTION BASED ON AGE OF TILAPIA FARMERS IN WONOGIRI REGENCY IN 2019 
 

Age 

 
Number of DMU 

(Person) 

Number of DMU 
Efficient 1 (Person) 

 
DMU Percentage 

(%)  

 
Efficient DMU 

Percentage (%) 

Efficient DMU Percentage 
(%) toward Age Range 

<20 0 0 0 0 0 
20≤ x <30 5 0 10.00 0 0 
30≤ x <40 16 5 32.00 10.00 31.25 
40≤ x <50 24 7 48.00 14.00 29.17 
50≤ x <60 4 0 8.00 0 0 

≥60 1 0 2.00 0 0 
Total 50 12 100.00 24.00 60.42 

Source: Primary Data Analysis (2019) 

Table 2 shows that of the 50 tilapia farmer’s DMUs with an efficiency value of 1 
(100%), twelve are in the age range of 30≤ x <50 years, indicating that the number of 
efficient DMUs is more than other ages. Tilapia farmers who have the highest efficiency 
value of 1 (100%) are found in the age range of 40≤ x <50 years (14%). At that age, tilapia 
farmers are in a productive period with more experience levels, higher enthusiasm in 
farming, a willingness to learn and seek information to achieve optimal results. While the 
characteristics of DMU based on the education level are displayed in the following table 3. 

The table 3 shows that tilapia farmer DMUs have varying education levels from 
elementary school to postgraduate. Tilapia farmers with the highest efficiency of 1 (100%) 
comprise 5 DMUs (10%) at the elementary school level, 4 DMUs (8%) at junior high 
school, 3 DMUs (6%) at senior high school, and other levels of education. In short, there is 
no pattern that DMUs with higher education will have high efficiency due to the lack of 
lessons in agriculture or fishery in schools; not all schools provide lessons related to these 
two fields of knowledge. Willingness to continue to learn and more experience in farming 
can produce an optimal level of efficiency. 
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TABLE 3.EFFICIENCY DISTRIBUTION BASED ON THE EDUCATION LEVEL OF TILAPIA FARMERS IN WONOGIRI REGENCY 

Education Level Number of DMU 
(Person) 

Number of Efficient 
DMU (Person) 

DMU Percentage (%) DMU Efficient 1 
Percentage (%) 

Not Completed Elementary 
School 

0 0 0 0 

Elementary School 11 5 22 10 
Junior High School 10 4 20 8 
Senior High School  25 3 50 6 
Undergraduate 3 0 6 0 
Postgraduate 1 0 2 0 

Total 50 12 100 24 

Source: Primary Data Analysis (2019) 

The characteristics of tilapia farmers in Wonogiri Regency are based on the use of 
seeds. All farmers have used the type of red tilapia. Based on the size, there are two types of 
tilapia seeds, the so-called kebul with seeds 5-7 cm in size and glondong sized 9-12 cm. 

TABLE 4. EFFICIENCY DISTRIBUTION BASED ON SEED SIZE IN TILAPIA FARMING INWONOGIRI REGENCY 
 

Seed Size 
Number of DMU 

(Person) 
Number of Efficient 

DMU (Person) 
DMU Percentage 

(%) 

Efficient DMU 
Percentage (%) 

5-7 cm (kebul) 30 12 60 24 

9-12 cm (glondong) 20 0 40 0 

DMU Total 50 12 100 24 

Source: Primary Data Analysis (2019) 

TABLE 5.DMU DISTRIBUTION BASED ON THE EFFICIENCY LEVEL OF TILAPIA WHOLESALERS IN WONOGIRI REGENCY 

Efficiency Value 
Number of DMU (Person) 

Percentage (%) 

0    ≤ x < 0.1 0 0 
0.1 ≤ x < 0.2 0 0 
0.2 ≤ x < 0.3 0 0 
0.3 ≤ x < 0.4 0 0 
0.4 ≤ x < 0.5 0 0 
0.5 ≤ x < 0.6 0 0 
0.6 ≤ x < 0.7 0 0 
0.7 ≤ x < 0.8 0 0 
0.8 ≤ x < 0.9 0 0 
0.9 ≤  x <1.0 1 16.67 

  1 5 83.33 
Total 6 100.00 

Source: Primary Data Analysis (2019) 

Table 4 shows 12 DMU (24%) achieving an efficiency value of 1 (100%), with tilapia 
seeds sized 5-7 cm (white). Conversely, none of the DMUs using seeds sized 9-12 cm 

(glondong) obtains an efficiency value of 100%. The use of seeds sized 5-7cm (kebul) is more 
efficient as it is more adaptable to the floating net cage (KJA) environment in the Gajah 

Mungkur Reservoir, compared to tilapia seeds sized 9-12 cm (glondong).  
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2. Analysis of the Efficiency of Tilapia Wholesalers in Wonogiri Regency 
The performance measurement of tilapia wholesalers in Wonogiri Regency involved 

6 DMUs directly related to tilapia farmers. Efficiency data from wholesalers are presented in 
Table 5.The efficiency calculations using the DEAP 2.1 program reveal that 5 DMUs 
(83.33%) have an efficiency value of 1 (100%), while 1 DMU (16.66%) has an efficiency 
value of 0.9 ≤ x <1.0. It implies that most of the wholesalers have been efficient. 

TABLE 6. DMU DISTRIBUTION BASED ON THE EDUCATION LEVEL OF TILAPIA WHOLESALERS IN WONOGIRI REGENCY 

Education Level Number of DMU 
(Person) 

Number of DMU 
Efficient 1 (Person) 

DMU Percentage (%) 
DMU Efficient 1 
Percentage (%) 

Not Completed Elementary 
School 

0 0 0 0 

Elementary School 1 1 16.67 16.67 
Junior High School 0 0 0 0 
Senior High School  5 4 83.33 66.67 
Higher Education 0 0 0 0 

Total 6 5 100.00 83.34 
Source: Primary Data Analysis (2019) 

Table 6 shows that 5 DMUs (83.33%) of tilapia wholesalers in Wonogiri Regency 
have a senior high school education, with four (66.67%) obtain an efficiency level of 1 
(100%), and only one DMU ( 16.67%) having elementary school education level, with an 
efficiency level of 1 (100%). Based on education, there is no DMU pattern where higher 
education will have high efficiency. It reflects a willingness to continue to learn and work 
diligently, and experience in farming can produce an optimal efficiency level. 

3. Analysis of the Efficiency of Tilapia Retailers in Wonogiri Regency 
The performance measurement for tilapia retailers in Wonogiri Regency consists of 

14 DMUs. Table 7 depicts the efficiency of data for retailers. 

TABLE 7.DMU DISTRIBUTION BASED ON THE EFFICIENCY LEVEL OF TILAPIA RETAILERS IN WONOGIRI REGENCY 
Efficiency Value Number of DMU (Person) Percentage (%) 

0    ≤ x <  0.1 0 - 
0.1 ≤ x <  0.2 0 - 
0.2 ≤ x <  0.3 0 - 
0.3 ≤ x < 0.4 0 - 
0.4 ≤ x < 0.5 0 - 
0.5 ≤ x < 0.6 0 - 
0.6 ≤ x < 0.7 0 - 
0.7 ≤ x < 0.8 0 - 
0.8 ≤ x < 0.9 0 - 
0.9 ≤ x < 1.0 8 57.14 

  1 6 42.86 
Total 14 100.00 

Source: Primary Data Analysis (2019) 

The efficiency calculation data using the DEAP 2.1 program shows 6 DMUs 
(42.86%) having an efficiency value of 1 (100%) and 8 DMUs (57.14%) with an efficiency 
value of 0.9 ≤ x <1.0. The difference in efficiency between tilapia retailers is not too high, 
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with an average efficiency value of 0.982, indicating that the level of input and output 
uniformity between retailers is relatively the same. 

TABLE 8. DMU CHARACTERISTICS BASED ON THE EDUCATION LEVEL OF TILAPIA RETAILERS IN WONOGIRI REGENCY 
Education  

Level 
Number of DMU 

(Person) 
Number of DMU 

Efficient 1 (Person) 
DMU Percentage (%) DMU Efficient 1 

Percentage (%) 
Not Completed Elementary 
School 

0 0 - - 

Elementary School 1 0 7.14 - 
Junior High School 7 4 50.00 28.57 
Senior High School  6 2 42.86 14.28 
Higher Education 0 0 - - 

Total 14 6 100.00 42.85 
Source: Primary Data Analysis (2019) 

Table 8 shows 7 retailer’s DMUs (50%) with junior high school education, 6 DMUs 
(42.86%) having senior high school education, and only 1 DMU (7.14%) with elementary 
school education. Of the 14 retailer’s DMUs having an efficiency level of 1 (100%), four 
(28.57%) has an junior high school education, two (14.28%) have a senior high school 
education, and none has a elementary school education. 

4. Efficiency Analysis of Tilapia Supply Chain Actors in Wonogiri Regency  
The efficiency calculation of tilapia supply chain actors based on the DEA method 

on 50 farmers shows the same results between 6 wholesalers and 14 retailers in Wonogiri 
Regency as presented in Table 9. 

TABLE 9. DEA PROCESSING DATA ON THE EFFICIENCY OF TILAPIA SUPPLY CHAIN ACTORS 
 

Description 
Supply Chain Actors 

Tilapia Farmers Wholesalers Retailers 
Number of DMU 50 6 14 
Number of efficient DMU 12 5 6 
The average value of efficiency 0.789 0.998 0.982 
The minimum value of efficiency 0.517 0.989 0.924 
The maximum value for efficiency 1 1 1 
Source: Primary Data Analysis (2019) 

Sari et al. (2014) stated that DEA can set targets to produce efficient performance 
and determine the value of input or output variables that must be increased or decreased to 
achieve the target value of potential improvement and attributes increased or decreased 
must be improved. 

5. Analysis of Increasing the Efficiency of Tilapia Farmers in Wonogiri Regency 
Calculations using the DEA method for 50 DMUs of tilapia farmers show that 12 

(24%) have an efficiency achievement of 1 (100%). The DMU efficiency calculation for 
tilapia farmers in Wonogiri Regency varies widely from 0.517 to 1, with an average efficiency 
level of 0.789, as shown in Table 10. It means that many DMUs need to evaluate their 
farming and look for causes of inefficiency. It is also a reference and shows the possibility of 
increasing output and improving the combination of input used by the DMUs to achieve 
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efficiency. DMUs that have not reached efficiency are expected to learn from DMUs that 

have achieved efficiency to help their farming achieve efficiency levels. Setiawan et al. (2011) 
argue that the DEA calculation also provides information on potential improvement. 
Hence, each farmer (unit) can improve their performance. In more detail, data on DEA 
processing at the DMU of tilapia farmers are as follows: 

TABLE 10. DEA PROCESSING DATA ON THE EFFICIENCY OF TILAPIA FARMERS IN WONOGIRI REGENCY IN 2019 
Description Total 

Number of DMU 50 
Number of efficient DMU 12 
The average value of efficiency 0.789 
The minimum value of efficiency 0.517 
The maximum value for efficiency 1 
Slack input average  
X1: Cost of seeds 1,468,559.383 
X2: Feed costs 193,437.949 
X3: Labor costs (outside the family labor) 704,087.735 
Slack Output Average  
Y1: Total production 67.268 
Y2: Income 2,851,911.946 
Source: Primary Data Analysis (2019) 

Table 10 indicates that the performance between one tilapia farmer and others is 
very different. The performance efficiency values of actors range from 0.517 (51.7%) to 1 
(100%). Moreover, the average efficiency value of tilapia farmers in Wonogiri Regency is 
0.789. The Constant Return to Scale (CRS) calculation also looks at the slack of the input 
and output variables. Input slack or input access can be defined as how much input can be 
proportionally reduced to make the DMU efficient. The output slack is how much output 
can be increased proportionally to make the DMU at the most efficient point. 

 
FIGURE 2. AVERAGE OF INPUT AND OUTPUT SLACKS OF TILAPIA FARMERS IN WONOGIRI REGENCY 

Figure 2 explains that output 2 (income) is the highest slack output. It shows the 
potential for an increase in the average income of IDR 2,851,911,946 per farming period. 
The slack output that can be increased is output 1 (production), with an average increase of 
67.268 kg per farming period. Meanwhile, the highest input slack or input access is found in 
input 1, namely the cost of seeds issued with an average cost of IDR 1,468,559,383 per 
period. It has the potential to be reduced without changing the amount of output to 
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increase the efficiency value. The second input slack is in input 3, namely labor costs with an 
average of IDR 704,087,735 per period, potentially reduced without changing the resulting 
output, thereby achieving the efficiency value. The lowest input slack is the feed cost with an 
average of IDR 193,437,949, potentially reduced without changing the resulting output to 
achieve the efficiency value. 

6. Analysis of Increasing Efficiency of Tilapia Supply Chain Performance by Wholesalers 
The performance efficiency of the wholesaler’s DMUs is 0.989 to 1, with an average 

efficiency value of 0.998, following the data in Table 10. It means that almost all of the 
wholesaler’s DMUs are efficient. Of the 6 DMUs, only one is inefficient and needs 
improvements to increase output and enhance the combination of input used to achieve 
efficiency. The efficiency of the wholesaler’s DMUs is as follows: 

TABLE 11. DEA PROCESSING DATA ON THE EFFICIENCY OF TILAPIA WHOLESALERS IN WONOGIRI REGENCY IN 2019 
Description Total 

Number of DMU 6 
Number of efficient DMU 5 
The average value of efficiency 0.998 
The minimum value of efficiency 0.989 
The maximum value for efficiency 1 
Slack input average  
X1: Cost of purchasing the product IDR) 0.00 
X2: Labor costs (IDR) 0.00 
X3: Transport fee (IDR) 276,845.638 
Slack Output Average  
Y1: Total sales (Kg) 10.798 
Y2: Income (IDR) 0.000 
Source: Primary Data Analysis (2019) 

Table 11 reveals that the performance between one wholesaler and another is not 
too different. The efficiency values of wholesalers range from 0.989 (98.9%) to 1 (100%). 
Meanwhile, the average efficiency value of wholesalers was 0.998 (99.8%). The Constant 
Return to Scale (CRS) calculation also looks at the slack of the input and output variables. 
Input or input excess can be defined as how much input can be reduced proportionally so 
that the DMU reaches the efficient point where the most efficient DMU is located. The 
slack output refers to how much output can be increased proportionally to make the DMU 
at the most efficient point (Coelli, 1996). 

Figure 3 explains that input 3 (transportation costs) is the highest slack input or the 
highest input excess, with a value of IDR 276,845,638. It shows that the highest input can 
be reduced without changing the output amount to increase efficiency. In Input 1, the 
purchase cost of tilapia is 0, meaning that the average purchase of the product has been 
efficient. Whereas in Input 2, the labor cost (sorting and loading and unloading) is 0, 
meaning that the average labor cost is efficient. In output 1, the number of sales can still 
increase by an average of 10.798 kg/month. Whereas in output 2, the income is 0, meaning 
that the average income of tilapia wholesalers in Wonogiri Regency is efficient. According to 
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Chopra and Meindl (2007), effective supply chain management involves flowing products, 
information and funds to maximize supply chain profits. 

 
FIGURE 3.  AVERAGE OF SLACK INPUTS AND SLACK OUTPUTS OF TILAPIA WHOLESALERS IN WONOGIRI REGENCY 

7. Analysis of Increasing Efficiency of Tilapia Supply Chain by Retailers 
The DMU efficiency values of the supply chain performance of tilapia retailers in 

Wonogiri Regency range from 0.924 to 1. There are 8 (57.14%) inefficient DMUs that 
should improve output and enhance the combination of input to achieve efficiency. The 
detailed results are presented in Table 12. 

TABLE 12. DEA PROCESSING DATA ON THE EFFICIENCY OF TILAPIA RETAILERS IN WONOGIRI REGENCY IN 2019 
Description Total 

Number of DMU 14 
Number of efficient DMU 6 
The average value of efficiency 0.982 
The minimum value of efficiency 0.924 
The maximum value of efficiency 1 
Slack input average  
X1: Purchase costs 226,634.383 
X2: Labor costs 18,886.199 
X3: Transport costs 149,708.075 
Slack Output Average  
Y1: Total sales 0.000 
Y2: Income 0.000 
Source: Primary Data Analysis (2019) 

Table 12 shows that the performance between one retailer and other retailers is 
slightly different. The fluctuation value in the performance of the actors began with an 
efficiency value of 0.924 (92.4%) to 1 (100%). Input slack or input excess can be defined as 
how much input can be reduced proportionally so that the DMU reaches an efficient point. 

Figure 4 explains that the input slack input 1, which is the cost of purchasing tilapia 
products from retailers, has the highest input slack or input excess value, namely IDR 
226,634,383, per month, potentially to be reduced to increase the efficiency value. It can be 
performed by reducing prices to buy tilapia. Furthermore, the second input slack is found in 
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input 3, namely transportation costs, with an average of IDR 149,708,075. It shows that 
transportation costs can still be reduced to increase the efficiency value of less efficient 
retailers. Reducing transportation costs can be conducted by reducing operational 
transportation costs through the use of cheaper and more efficient transportation fleets as 
well as using shorter road access. Reducing transportation costs can also be performed by 
increasing the purchase of tilapia products with an on-site delivery system. While the third 
input slack is found in input 2, namely labor costs (loading and unloading and sorting), with 
an average slack input of IDR 18,886,199. It indicates that labor costs can be reduced to 
increase the efficiency value of retailers. 

 
FIGURE 4. AVERAGE SLACK INPUTS OF TILAPIA RETAILERS IN WONOGIRI REGENCY IN 2019 

CONCLUSIONS 

The following conclusions were drawn based on the analysis results and research 
objectives: 
1. The supply chain mechanism of tilapia farming in Wonogiri Regency consisted of 

several levels of actors, from farmers, wholesalers and retailers. 
2. Some tilapia farmers chose to sell their products to wholesalers (35.71%) and retailers 

(64.29%), and none sold their products directly to consumers. 
3. Based on performance measurement using the DEA method on actors in the supply 

chain of tilapia farming in Wonogiri Regency, the most efficient actors were wholesalers 
for having an average efficiency value of 0.998. It means that, on average, it has 
approached the value of 1 (efficient). Meanwhile, the most inefficient actors were tilapia 
farmers with an average efficiency value of 0.789. Of the 50 DMUs of tilapia farmers, 
only 12 (24%) were efficient, while the remaining 38 DMUs (76%) should be improved 
to achieve the expected efficiency. Hence, farmers are actors in the supply chain of 
tilapia in Wonogiri Regency, requiring special attention. 

4. The analysis results using the DEA method showed that 83.33% of wholesaler’s DMUs 
were declared efficient and 16.67% inefficient, while 42.86% of retailer’s DMUs 
received an efficient value of 1 (100%), and the remaining 57.14% were inefficient. 
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5. Inefficient DMUs should be improved by imitating efficient DMUs to increase output 
or improve input combinations to achieve efficiency. Of 50 tilapia farmer’s DMUs, 38 
(76%) required improvements to achieve efficiency. Furthermore, one (16.67%) from 6 
wholesaler’s DMUs required some improvements. Meanwhile, of 14 retailer’s DMU, 8 
(57.14%) also required improvements to achieve efficiency. 
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