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Abstract

The environmental and social concerns in managing agribusiness are increasing in 
Thailand. Green supply chain management (GSCM) is becoming more significant tool to 
improve performance of the process and products according to the environmentally 
friendly regulations. However, there is a question associating with how to evaluate the 
green performance of supply chain. This paper applies two-stage DEA model for 
measuring the network performance of the growers and processors in longan supply 
chains. The major result represents that the high level of economic efficiency of longan 
supply chains does not ensure the high score of green performance efficiency. The finding 
of this research leads to the policy making of the government agencies in promoting the 
green supply chain of longan to create value added of products and enhance 
competitiveness, as well as encourage the environmental awareness of the growers and 
processors.
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1. Introduction
Longan is the crucial economic fruit in 

the northern region of Thailand. It has been 
creating the occupation and income of the 
people in the local areas. Currently, longan 
yields are distributed to three main 
purposes including for consumption in 
domestic market, for consumption in 
international market, and for using as the 
input in other product processing. The 
transferring of fresh longan products from 
the growers to the consumers has to pass 
many involved parties such as local 
merchants, middlemen, wholesalers, 
retailers, exporters, processing 
manufacturers, etc. Consequently, the 
longan supply chains consist of the 
different actors depending on the aims of 
selling. These bring about the different 
supply chain management for achieving 
the competitiveness in the markets.

Considering the market trend in the 
present, the demand of green quality goods 
and services are rising because of the 
continuously increasing awareness of 
environmental friendly issues. Many 
organizations attempt to improve their 
products for supporting environmental 
concerns. What is the meaning of 
environmental friendly? It associates with 
safety of food and drink, healthy 
ecosystems, non-toxic, proper and safe 
waste management, and the restoration of 
contaminated areas (Council on 
Environmental Quality, 1996; Beamon, 
1999). Upward trends of green food 
consumption and competition bring about 
integration between firms and their 
relevant agencies in supply chain to lower 
costs and better serve consumers. Thus, the 
focal firm has to deal with their suppliers 
and consumers to meet and even exceed 
the environmental expectations of them 
(Walton, et al., 1998). For addressing these 
situations, relevant parties in longan 
supply chain have been improved their 
performance to fulfill the consumer 
requirements by using green supply chain 
management (GSCM).  

GSCM is used for managing the 
operations of supply chain and creating the 
added value of products to response 
demand of consumers who pay attention to 
their health and concern for the 
environment (Sarkis, 2003; Rao and Holt, 
2005; Srivastava, 2007) .  GSCM concept 
stresses on the environmentally friendly 
systems in the production, marketing and 
transportation to reduce impacts on natural 
resources and environment such as clean 
energy use, renewable resource use, 
reduction of chemical use, etc. There were
many researchers applied the green 
concept in their works, such as Zhu and 
Sarkis (2004), Azevedo et al. (2011) and 
Chan et al. (2012).

However, nowadays, the green 
performance efficiency of longan supply 
chain implementing GSCM concept are 
separately evaluated in each node. The 
performance efficiency of the growers, the 
buyers, and other stakeholders are 
independent considerations. In fact, the 
operation of one node in supply chain 
influences on the other nodes like the 
network effects. The individual 
performance analyses are not appropriate 
for evaluating the supply chain 
performance. Thus, this research applies 
the two-stage DEA model for analyzing 
network efficiency of longan supply chain 
under GSCM orientation by focusing the 
growers and buyers relationship known as 
“grower – buyer supply chain model”.

The rests of this paper are structured as 
follows. Section 2 displays literature 
reviews. Section 3 presents methodology 
used in this paper, section 4 represents the 
empirical results, and section 5 discusses 
and summarizes the study’s findings.
 

2. Literature Review
2.1 The Green Supply Chain 

Management
Green supply chain management 

(GSCM) is a tool taking into account the 
environmental impacts for improving 
images of organizations, increasing their 
profit, and enhancing their 
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competitiveness (Sarkis, 2003; Rao and 
Holt, 2005; Srivastava, 2007). The GSCM 
consists of green design involving in the 
products design of that have the least 
impinge on environment over the product 
life cycle (Sarkis, 1 9 9 8 ; Walton et al., 
1 9 9 8 ; Hervani et al., 2 0 0 5 ; Zhu et al., 
2 0 0 7 ; Eltayeba et al., 2 0 1 1 ; Ying and 
Zhou, 2012) ; green purchasing involving 
in environmentally-conscious practices in 
the procurement of factors or intermediate 
products including reducing resources, 
eliminating waste, recycling and reuse, 
decreasing non-contaminant, and 
substituting materials without affecting 
material property (Walton et al.,1998; Min 
and Galle, 2001; Zsidisin and Siferd, 2001;
Hervani et al., 2005; Chen, 2012; Ying and 
Zhou, 2012) ; green production and 
processing dealing with the green 
technology used in production focusing on 
resource efficiency and waste reduction 
for environmental benefit, and production 
capability development such as reduced, 
reused, reproduced, and recycled 
components to maximize the value gain 
(Ying and Zhou, 2012; Dües et al., 2013) ;
green logistics regarding transportation, 
inventory, and warehouse with minimizing 
on cost, loss, and greenhouse gas emission 
(Andic, 2012; Ying and Zhou, 2012) ; and 
green recycle (Ying and Zhou, 2012) ; and 
green waste management (Andic, 2012) . 

Thus, the GSC concept used in this paper
focuses on green production, green waste 
management, and green logistics.

2.2 Two-Stage DEA Model
Data Envelopment Analysis (DEA)

is used for evaluating the efficiency of 
decision making units (DMUs) by 
comparing with the reference DMU. In 
general, the DEA approach is often used to 
measure the performance of one-stage of 
DMU, putting one set of inputs and 
obtaining one set of outputs. However, the 
structures of some DMUs may be two or 
more stages. The outputs of the first stage 
are used as the inputs in the second stage, 
for example, the seller-buyer supply chain, 
the distributer-retailer supply chain, the 
supplier-manufacturer supply chain, etc. 
(Chen et al., 2009, Chaowarat and Shi, 
2013). Thus, the efficiency analysis of 
these DMUs which have two-stage
structure has to use the two-stage DEA
model as known as network DEA model. 

The structures of two-stage DEA
are represented in two models (Li et al., 
2012) comprising directly two-stage 
supply chain model and two-stage supply 
chain model adding inputs in the second 
stage. In the first model, the outputs from 
the first stage are generally used as all of 
inputs of the second stage shown in Figure 
1 (Kao and Hwang, 2008 and Liang et al., 
2008).

Source: Adapted from Kao and Hwang (2008) and Liang et al. (2008).
Figure 1. Two-stage supply chain

For the second model, the outputs 
from the first stage are used as the inputs 

of the second stage, as well as added the 
other inputs displayed in Figure 2.

1st Stage 2nd Stage
 

XnG YmG YjB

3



C H I A N G  M A I  U N I V E R S I T Y  J O U R N A L  O F  E C O N O M I C S  –  2 2 # 2

2
0
1

8
, 

M
A

Y
—

A
U

G

3

Chiang Mai University Journal of Economics – 22#2 

1. Introduction
Longan is the crucial economic fruit in 

the northern region of Thailand. It has been 
creating the occupation and income of the 
people in the local areas. Currently, longan 
yields are distributed to three main 
purposes including for consumption in 
domestic market, for consumption in 
international market, and for using as the 
input in other product processing. The 
transferring of fresh longan products from 
the growers to the consumers has to pass 
many involved parties such as local 
merchants, middlemen, wholesalers, 
retailers, exporters, processing 
manufacturers, etc. Consequently, the 
longan supply chains consist of the 
different actors depending on the aims of 
selling. These bring about the different 
supply chain management for achieving 
the competitiveness in the markets.

Considering the market trend in the 
present, the demand of green quality goods 
and services are rising because of the 
continuously increasing awareness of 
environmental friendly issues. Many 
organizations attempt to improve their 
products for supporting environmental 
concerns. What is the meaning of 
environmental friendly? It associates with 
safety of food and drink, healthy 
ecosystems, non-toxic, proper and safe 
waste management, and the restoration of 
contaminated areas (Council on 
Environmental Quality, 1996; Beamon, 
1999). Upward trends of green food 
consumption and competition bring about 
integration between firms and their 
relevant agencies in supply chain to lower 
costs and better serve consumers. Thus, the 
focal firm has to deal with their suppliers 
and consumers to meet and even exceed 
the environmental expectations of them 
(Walton, et al., 1998). For addressing these 
situations, relevant parties in longan 
supply chain have been improved their 
performance to fulfill the consumer 
requirements by using green supply chain 
management (GSCM).  

GSCM is used for managing the 
operations of supply chain and creating the 
added value of products to response 
demand of consumers who pay attention to 
their health and concern for the 
environment (Sarkis, 2003; Rao and Holt, 
2005; Srivastava, 2007) .  GSCM concept 
stresses on the environmentally friendly 
systems in the production, marketing and 
transportation to reduce impacts on natural 
resources and environment such as clean 
energy use, renewable resource use, 
reduction of chemical use, etc. There were
many researchers applied the green 
concept in their works, such as Zhu and 
Sarkis (2004), Azevedo et al. (2011) and 
Chan et al. (2012).

However, nowadays, the green 
performance efficiency of longan supply 
chain implementing GSCM concept are 
separately evaluated in each node. The 
performance efficiency of the growers, the 
buyers, and other stakeholders are 
independent considerations. In fact, the 
operation of one node in supply chain 
influences on the other nodes like the 
network effects. The individual 
performance analyses are not appropriate 
for evaluating the supply chain 
performance. Thus, this research applies 
the two-stage DEA model for analyzing 
network efficiency of longan supply chain 
under GSCM orientation by focusing the 
growers and buyers relationship known as 
“grower – buyer supply chain model”.

The rests of this paper are structured as 
follows. Section 2 displays literature 
reviews. Section 3 presents methodology 
used in this paper, section 4 represents the 
empirical results, and section 5 discusses 
and summarizes the study’s findings.
 

2. Literature Review
2.1 The Green Supply Chain 

Management
Green supply chain management 

(GSCM) is a tool taking into account the 
environmental impacts for improving 
images of organizations, increasing their 
profit, and enhancing their 

2

Chiang Mai University Journal of Economics – 22#2 

competitiveness (Sarkis, 2003; Rao and 
Holt, 2005; Srivastava, 2007). The GSCM 
consists of green design involving in the 
products design of that have the least 
impinge on environment over the product 
life cycle (Sarkis, 1 9 9 8 ; Walton et al., 
1 9 9 8 ; Hervani et al., 2 0 0 5 ; Zhu et al., 
2 0 0 7 ; Eltayeba et al., 2 0 1 1 ; Ying and 
Zhou, 2012) ; green purchasing involving 
in environmentally-conscious practices in 
the procurement of factors or intermediate 
products including reducing resources, 
eliminating waste, recycling and reuse, 
decreasing non-contaminant, and 
substituting materials without affecting 
material property (Walton et al.,1998; Min 
and Galle, 2001; Zsidisin and Siferd, 2001;
Hervani et al., 2005; Chen, 2012; Ying and 
Zhou, 2012) ; green production and 
processing dealing with the green 
technology used in production focusing on 
resource efficiency and waste reduction 
for environmental benefit, and production 
capability development such as reduced, 
reused, reproduced, and recycled 
components to maximize the value gain 
(Ying and Zhou, 2012; Dües et al., 2013) ;
green logistics regarding transportation, 
inventory, and warehouse with minimizing 
on cost, loss, and greenhouse gas emission 
(Andic, 2012; Ying and Zhou, 2012) ; and 
green recycle (Ying and Zhou, 2012) ; and 
green waste management (Andic, 2012) . 

Thus, the GSC concept used in this paper
focuses on green production, green waste 
management, and green logistics.

2.2 Two-Stage DEA Model
Data Envelopment Analysis (DEA)

is used for evaluating the efficiency of 
decision making units (DMUs) by 
comparing with the reference DMU. In 
general, the DEA approach is often used to 
measure the performance of one-stage of 
DMU, putting one set of inputs and 
obtaining one set of outputs. However, the 
structures of some DMUs may be two or 
more stages. The outputs of the first stage 
are used as the inputs in the second stage, 
for example, the seller-buyer supply chain, 
the distributer-retailer supply chain, the 
supplier-manufacturer supply chain, etc. 
(Chen et al., 2009, Chaowarat and Shi, 
2013). Thus, the efficiency analysis of 
these DMUs which have two-stage
structure has to use the two-stage DEA
model as known as network DEA model. 

The structures of two-stage DEA
are represented in two models (Li et al., 
2012) comprising directly two-stage 
supply chain model and two-stage supply 
chain model adding inputs in the second 
stage. In the first model, the outputs from 
the first stage are generally used as all of 
inputs of the second stage shown in Figure 
1 (Kao and Hwang, 2008 and Liang et al., 
2008).

Source: Adapted from Kao and Hwang (2008) and Liang et al. (2008).
Figure 1. Two-stage supply chain

For the second model, the outputs 
from the first stage are used as the inputs 

of the second stage, as well as added the 
other inputs displayed in Figure 2.

1st Stage 2nd Stage
 

XnG YmG YjB

3



C H I A N G  M A I  U N I V E R S I T Y  J O U R N A L  O F  E C O N O M I C S  –  2 2 # 2
2
0
1

8
, 

M
A

Y
—

A
U

G

4

Chiang Mai University Journal of Economics – 22#2 

Source: Adapted from Liang et al. (2006).
Figure 2. Two-stage supply chain adding inputs in the second stage

Considering the two-stage supply 
chain model shown in Figure 1, suppose 
there are n decision making units; jDMU
( 1, 2,...,j n= ). In the first stage, each 
DMU consumes m inputs; ijx
( 1, 2,..., )i m= to produce D outputs; djz
( 1, 2,..., )d D= . These D outputs from the 

prior stage become the inputs to the second 
stage as called intermediate measures. The 
outputs from the later stage are rjy
( 1, 2,..., )r s= .

In case of the non-cooperative 
model , the efficiency scores in the first 
stage are calculated by using CCR model 
(Charnes et al., 1978) as follows: 

1

1
    

D

j d do
d
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=

= ∑
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In terms of the second stage, the 
efficiency scores are evaluated by 
assuming that the efficiency scores of the 

first stage are constant (Li et al., 2012)
shown as Eq. (2).
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Eq. (2) shows that the efficiency 
scores of the second stage are based on the 

first stage efficiency, 1
jθ . The Eq. (2) can 

be rewrote as:
2
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where 2
jθ represents the efficiency 

scores in the second stage. Moreover, the 
overall efficiency are defined from 

1 2non
j j jθ θ θ= ⋅ .

3. Methodology
3.1 Sample selection

The samples in this research are
separated in two main groups consisting of 
the grower group such as longan growers 
in Chiang Mai, Lamphun and Chiang Rai 
provinces, and the buyers group including 
golden dried longan entrepreneurs, dried 
whole longan fruit entrepreneurs, and 
other processed longan entrepreneurs. The 
200 samples in the first group are selected 
by quota sampling and multi – stage 
random sampling methods and using 
database from the Office of Agricultural 
Extension and Development of Thailand. 
In terms of the last group, this research 
employs the snowball sampling method 
for linking the relevant samples in the 

longan supply chains and set the quota of 
each sub-groups of buyers around 30 
samples, namely, 10 golden dried longan 
entrepreneurs, 10 dried whole longan fruit 
entrepreneurs, and 10 other processed 
longan entrepreneurs.

3.2 Research Methods
To address the purpose of green 

efficiency analysis of longan supply chain 
performance, two-stage DEA model is 
applied for evaluating the network 
efficiency between the growers and three 
types of buyers. Thus, there are three 
categories of longan supply chains such as 
golden dried longan supply chain, dried 
whole longan fruit supply chain, and other 
processed longan supply chain. In this 
paper, traditional supply chain with lean 
management, and green supply chain with 
GSCM are calculated for comparing the 
different efficiency score among them. 
The inputs and outputs for these models 
are expressed in Table 1 and the model 
used, grower-buyer model of longan 
supply chain, is shown in Figure 3.
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Source: Adapted from Liang et al. (2006).
Figure 2. Two-stage supply chain adding inputs in the second stage
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database from the Office of Agricultural 
Extension and Development of Thailand. 
In terms of the last group, this research 
employs the snowball sampling method 
for linking the relevant samples in the 

longan supply chains and set the quota of 
each sub-groups of buyers around 30 
samples, namely, 10 golden dried longan 
entrepreneurs, 10 dried whole longan fruit 
entrepreneurs, and 10 other processed 
longan entrepreneurs.

3.2 Research Methods
To address the purpose of green 

efficiency analysis of longan supply chain 
performance, two-stage DEA model is 
applied for evaluating the network 
efficiency between the growers and three 
types of buyers. Thus, there are three 
categories of longan supply chains such as 
golden dried longan supply chain, dried 
whole longan fruit supply chain, and other 
processed longan supply chain. In this 
paper, traditional supply chain with lean 
management, and green supply chain with 
GSCM are calculated for comparing the 
different efficiency score among them. 
The inputs and outputs for these models 
are expressed in Table 1 and the model 
used, grower-buyer model of longan 
supply chain, is shown in Figure 3.
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Table 1. Inputs and outputs for grower-buyer model of longan supply chain
Dimension Traditional supply chain 

(Economic Orientation)
Green supply chain

(Environmental Orientation)
Inputs of growers
(Inputs of 1st stage)

GTI1: Production cost of 
growers

GTI2: Post-harvest cost of 
growers

GTI3:       Logistics cost of growers

GGI1: Green production cost of 
growers

GGI2: Green post-harvest cost of 
growers

GGI3: Green logistics cost of 
growers

Outputs of growers
(Intermediate 
measures)

GTO1: Pollution/waste reduction 
GTO2: Product safety
GTO3: Selling price
GTO4: Cost saving

GGO1: Pollution/waste reduction 
GGO2: Product safety
GGO3: Selling price
GGO4: Cost saving

Inputs of buyers
(Other Inputs of 
2nd stage)

BTI1: Design cost of buyers

BTI2: Logistics cost of buyers

BTI3: Consumption cost of 
buyers

BGI1: Green design cost of 
buyers

BGI2: Green logistics cost of 
buyers

BGI3: Green consumption cost 
of buyers

Outputs of buyers
(Outputs of 
2nd stage)

BTO1: Added value of products
BTO2: Cost saving
BTO3: Satisfaction of products

BGO1: Added value of products
BGO2: Cost saving
BGO3: Satisfaction of products

Figure 3. Grower-buyer model of longan supply chain 

4. Result
In this paper, the datasets for the 

growers’ inputs X, the intermediate 
products Y, the buyer’s inputs W and the 
final outputs Z are generated using 10 fresh 
longan retailers, 10 golden dried longan 
entrepreneurs, and 10 longan with peels 
entrepreneurs who use longan yields of the 
growers as the raw material for processing 
to further products. Consequently, there 
are three longan supply chains for 
analyzing. The results obtained from the 
model are presented in Table 2 – 4. 

In the model (1)-(10) of each supply 
chain, if the efficiency score of two-stage 
supply chain is equal to 1 ( scθ = 1), then 

both gθ and bθ are equal to 1 ( gθ = 1 and 

bθ = 1). It shows that the DMUs can reach 
the maximum output using no more than 
the observed amount of any input. 
Conversely, if the efficiency score scθ is 
lower than 1 ( scθ < 1), then at least one of 

gθ or bθ is lower than 1 ( gθ < 1 or bθ < 1). 
Thus, the DMUs can increase their output 
using the same amount of input. In other 
words, the DMUs remain inefficient. In 
Table 2, both the growers and the buyers
for the eighth DMU (SC1_8) have the 
efficiency score of 1. This result indicates 
that both the growers and the buyers are 
efficient in both lean and green supply 
chain management.

Growers Buyers 
XnG

WiB

YmG ZjB
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Table 2. The green efficiency of golden dried longan supply chain by using two-stage 
DEA

DMUs
Traditional supply chain 
(Economic Orientation)

Green supply chain
(Environmental Orientation)

1T
gθ 1T

bθ
1T

scθ 1G
gθ 1G

bθ
1G

scθ
SC1_1 0.78 0.75 0.59 0.90 0.81 0.73
SC1_2 1.00 1.00 1.00 0.92 1.00 0.92
SC1_3 0.81 0.83 0.67 0.89 0.91 0.81
SC1_4 0.92 1.00 0.92 1.00 1.00 1.00
SC1_5 0.67 0.85 0.57 0.75 0.88 0.66
SC1_6 0.84 0.95 0.80 0.91 0.80 0.73
SC1_7 1.00 0.98 0.98 0.88 0.92 0.81
SC1_8 1.00 1.00 1.00 1.00 1.00 1.00
SC1_9 0.88 0.85 0.75 0.94 0.90 0.85

SC1_10 0.97 1.00 0.97 0.82 1.00 0.82

Considering the green efficiency of 
dried whole longan fruit supply chain by 
using two-stage DEA represented in Table 
3, the seventh DMU (SC2_7) have the 
efficiency score of 1 in the aspects of both 
growers and buyers. The findings also 

indicate that both the grower and the buyer 
are efficient in both lean and green supply 
chain management. In the same time, the 
fourth DMU (SC3_4) have the efficiency 
score of 1 in the aspects of both growers 
and buyer

Table 3. The green efficiency of dried whole longan fruit supply chain by using two-stage DEA

DMUs
Traditional supply chain 
(Economic Orientation)

Green supply chain
(Environmental Orientation)

2T
gθ

2T
bθ

2T
scθ 2G

gθ
2G

bθ
2G

scθ
SC2_1 0.88 0.81 0.71 0.85 0.92 0.78
SC2_2 0.69 0.92 0.63 0.92 1.00 0.92
SC2_3 0.81 0.75 0.61 0.90 0.88 0.79
SC2_4 0.92 0.86 0.79 1.00 0.89 0.89
SC2_5 1.00 0.99 0.99 0.88 0.91 0.80
SC2_6 0.84 0.74 0.62 0.64 0.80 0.51
SC2_7 1.00 1.00 1.00 1.00 1.00 1.00
SC2_8 0.70 0.94 0.66 0.85 0.99 0.84
SC2_9 0.65 0.80 0.52 0.79 0.87 0.69

SC2_10 0.92 1.00 0.92 0.98 1.00 0.98

In views of comparing the efficiency 
scores between traditional supply chain 
with lean management, and green supply 
chain with GSCM, the results in Table 2-4
indicate that, the high economic efficiency 
scores of longan supply chains obtained 
from traditional model does not ensure the 
high green efficiency performance. 

Moreover, the overall efficiency scores 
for three categories of supply chains are 
multiplied by using the efficiency scores of 
the supply chain’s growers and buyers.
Thus, if a supply chain is effective, both its 

growers and its buyers will be efficient. In 
this study, after separately measuring by 
member type, the findings reveal that the 
growers are the source of most of the 
inefficiency. Many of the growers have 
efficiency score of less than 1. There are 7 
of 30 growers and 5 of 30 growers are 
inefficient under traditional supply chain 
and green supply chain perspectives, 
respectively. The results show that most of 
the buyers are efficient and thus well 
managed.
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Table 1. Inputs and outputs for grower-buyer model of longan supply chain
Dimension Traditional supply chain 

(Economic Orientation)
Green supply chain

(Environmental Orientation)
Inputs of growers
(Inputs of 1st stage)

GTI1: Production cost of 
growers

GTI2: Post-harvest cost of 
growers

GTI3:       Logistics cost of growers

GGI1: Green production cost of 
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GGI2: Green post-harvest cost of 
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GGI3: Green logistics cost of 
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Outputs of growers
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GTO1: Pollution/waste reduction 
GTO2: Product safety
GTO3: Selling price
GTO4: Cost saving
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Inputs of buyers
(Other Inputs of 
2nd stage)

BTI1: Design cost of buyers

BTI2: Logistics cost of buyers

BTI3: Consumption cost of 
buyers
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BTO1: Added value of products
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BTO3: Satisfaction of products

BGO1: Added value of products
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Figure 3. Grower-buyer model of longan supply chain 

4. Result
In this paper, the datasets for the 

growers’ inputs X, the intermediate 
products Y, the buyer’s inputs W and the 
final outputs Z are generated using 10 fresh 
longan retailers, 10 golden dried longan 
entrepreneurs, and 10 longan with peels 
entrepreneurs who use longan yields of the 
growers as the raw material for processing 
to further products. Consequently, there 
are three longan supply chains for 
analyzing. The results obtained from the 
model are presented in Table 2 – 4. 

In the model (1)-(10) of each supply 
chain, if the efficiency score of two-stage 
supply chain is equal to 1 ( scθ = 1), then 

both gθ and bθ are equal to 1 ( gθ = 1 and 

bθ = 1). It shows that the DMUs can reach 
the maximum output using no more than 
the observed amount of any input. 
Conversely, if the efficiency score scθ is 
lower than 1 ( scθ < 1), then at least one of 

gθ or bθ is lower than 1 ( gθ < 1 or bθ < 1). 
Thus, the DMUs can increase their output 
using the same amount of input. In other 
words, the DMUs remain inefficient. In 
Table 2, both the growers and the buyers
for the eighth DMU (SC1_8) have the 
efficiency score of 1. This result indicates 
that both the growers and the buyers are 
efficient in both lean and green supply 
chain management.

Growers Buyers 
XnG

WiB

YmG ZjB

6

Chiang Mai University Journal of Economics – 22#2 

Table 2. The green efficiency of golden dried longan supply chain by using two-stage 
DEA

DMUs
Traditional supply chain 
(Economic Orientation)

Green supply chain
(Environmental Orientation)

1T
gθ 1T

bθ
1T

scθ 1G
gθ 1G

bθ
1G

scθ
SC1_1 0.78 0.75 0.59 0.90 0.81 0.73
SC1_2 1.00 1.00 1.00 0.92 1.00 0.92
SC1_3 0.81 0.83 0.67 0.89 0.91 0.81
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Considering the green efficiency of 
dried whole longan fruit supply chain by 
using two-stage DEA represented in Table 
3, the seventh DMU (SC2_7) have the 
efficiency score of 1 in the aspects of both 
growers and buyers. The findings also 

indicate that both the grower and the buyer 
are efficient in both lean and green supply 
chain management. In the same time, the 
fourth DMU (SC3_4) have the efficiency 
score of 1 in the aspects of both growers 
and buyer
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In views of comparing the efficiency 
scores between traditional supply chain 
with lean management, and green supply 
chain with GSCM, the results in Table 2-4
indicate that, the high economic efficiency 
scores of longan supply chains obtained 
from traditional model does not ensure the 
high green efficiency performance. 

Moreover, the overall efficiency scores 
for three categories of supply chains are 
multiplied by using the efficiency scores of 
the supply chain’s growers and buyers.
Thus, if a supply chain is effective, both its 

growers and its buyers will be efficient. In 
this study, after separately measuring by 
member type, the findings reveal that the 
growers are the source of most of the 
inefficiency. Many of the growers have 
efficiency score of less than 1. There are 7 
of 30 growers and 5 of 30 growers are 
inefficient under traditional supply chain 
and green supply chain perspectives, 
respectively. The results show that most of 
the buyers are efficient and thus well 
managed.
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Table 4. The green efficiency of other processed longan supply chain by using two-stage 
DEA

DMUs
Traditional supply chain 
(Economic Orientation)

Green supply chain
(Environmental Orientation)

3T
gθ

3T
bθ

3T
scθ 3G

gθ
3G

bθ
3G

scθ
SC3_1 0.69 0.81 0.56 0.89 0.79 0.70
SC3_2 0.88 0.89 0.78 0.81 0.92 0.75
SC3_3 0.92 0.72 0.66 0.99 0.87 0.86
SC3_4 1.00 1.00 1.00 1.00 1.00 1.00
SC3_5 0.79 0.84 0.66 0.75 0.92 0.69
SC3_6 0.82 0.92 0.75 0.82 0.88 0.72
SC3_7 0.95 0.73 0.69 0.99 0.89 0.88
SC3_8 1.00 1.00 1.00 0.92 1.00 0.92
SC3_9 0.87 0.91 0.79 0.89 0.50 0.45

SC3_10 0.82 1.00 0.82 0.90 1.00 0.90

5. Discussion and Conclusion
The environmental and social concerns 

in managing agribusiness are increasing in 
Thailand. Green supply chain management 
(GSCM) is becoming more significant tool 
to improve performance of the process and 
products according to the environmentally 
friendly regulations. However, there is the 
question associating with how to evaluate 
the green performance of supply chain. 
This paper applies two-stage DEA model 
for measuring the network performance of 
the growers and processors in longan 
supply chains. The major result represents 
that the high economic efficiency level of 
longan supply chains does not ensure the 
high level of green performance 
efficiency. 

These results suggest that other factors, 
such as sizes of cultivating area and change 
of agricultural systems, may have 
influence on the growers’ cultivating 
patterns and effect on performance 
efficiency. The small farms are easy to 
prevent chemical contamination. On the 
other hand, in the large cropping areas, the 
chemical control is difficult and the system 
changing has to invest highly.
Consequently, the likelihood of using 
chemicals is larger on larger farm size. 
This relationship between farm size and 
chemical use has the same direction as the 
studies of Verschelde et al. (2011), and 

Rahman and Chima (2018). Thus, the 
change of cultivation patterns of 
smallholder growers from traditional 
systems concerning with economic 
performance to green systems focusing 
environment are more feasible than the 
large grower pattern change. These
findings represent the contrast between 
economics and environmental concerned 
growers via the large and small grower 
perspectives. Moreover, the results reveal
the negative relation of farm size on the 
performance efficiency. The smaller farms 
have higher efficiency than the larger 
farms. This result is similar to the research 
findings of Barrett et al. (2010), Ali and 
Deininger (2013), FAO (2014), and 
Larson et al. (2014). In the buyer aspect, 
efficient procedure can influence adding 
value of products, cost saving, and 
satisfaction of products because of the easy 
factory procedure controlling.

The findings of this research bring 
about the guidelines for improving the
green longan supply chain to achieve the 
maximum efficiency including 1) creating 
an understanding and acceptance of the 
growers and stakeholders in 
environmentally friendly production and 
marketing management, 2) transferring the 
green knowledge, technologies, and 
innovations to the growers and 
stakeholders, 3) encouraging and follow-
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upping on the environmental friendliness 
in order to achieve the desired results, and 
4) monitoring and evaluating the 
development of the green longan supply 
chain.

In addition, the results lead to the 
policy making of the government agencies 
in promoting green supply chain of longan 

to create value added products and 
enhance competitiveness, as well as 
encourage the environmental awareness of 
the growers and processors via the 
research and development, clean
technology promotion, and knowledge 
management.
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Table 4. The green efficiency of other processed longan supply chain by using two-stage 
DEA

DMUs
Traditional supply chain 
(Economic Orientation)

Green supply chain
(Environmental Orientation)
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supply chains. The major result represents 
that the high economic efficiency level of 
longan supply chains does not ensure the 
high level of green performance 
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of agricultural systems, may have 
influence on the growers’ cultivating 
patterns and effect on performance 
efficiency. The small farms are easy to 
prevent chemical contamination. On the 
other hand, in the large cropping areas, the 
chemical control is difficult and the system 
changing has to invest highly.
Consequently, the likelihood of using 
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chemical use has the same direction as the 
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environment are more feasible than the 
large grower pattern change. These
findings represent the contrast between 
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perspectives. Moreover, the results reveal
the negative relation of farm size on the 
performance efficiency. The smaller farms 
have higher efficiency than the larger 
farms. This result is similar to the research 
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Larson et al. (2014). In the buyer aspect, 
efficient procedure can influence adding 
value of products, cost saving, and 
satisfaction of products because of the easy 
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about the guidelines for improving the
green longan supply chain to achieve the 
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marketing management, 2) transferring the 
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upping on the environmental friendliness 
in order to achieve the desired results, and 
4) monitoring and evaluating the 
development of the green longan supply 
chain.

In addition, the results lead to the 
policy making of the government agencies 
in promoting green supply chain of longan 

to create value added products and 
enhance competitiveness, as well as 
encourage the environmental awareness of 
the growers and processors via the 
research and development, clean
technology promotion, and knowledge 
management.
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Abstract

The purpose of this study is to investigate the factors influencing the minimum wage 
requirements of Krabi, Ranong, Bangkok, Rayong and Saraburi provinces as a case study, 
where the minimum wage is not adequate to the standard living costs of 2013. The 
maximum entropy estimation method for linear models (Linear Model) is applied and 
resulting in the estimation, it is more flexible than Ordinary Least Squares method. In this 
study, the model error is estimated as Mean Square Error (MSE). The results indicate that 
the GME method is more appropriate than the least squares method. In addition, the most 
influence factors are Labor productivity and unemployment, the economic growth rate 
and the standard living costs in the province, respectively.

Keyword: Minimum wage, generalized maximum entropy estimators, linear models, 
GME, OLS 
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