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Abstract—This paper focuses on the impact of traceability technology adoption on supply chain
coordination. We consider a fresh product supply chain consisting of two suppliers and one retailer with
centralized and decentralized decision-making. Considering the factors of the tag cost of traceability
technology and the freshness of the product, two scenarios-with and without traceability technology are
analyzed. The mathematical model is applied to investigate the impact of applying traceability technology on
decision-making and profit of supply chain when two suppliers compete. The results show that: (1) the fresh
product supply chain with the traceability technology is more profitable than the case that without the
traceability technology; (2) when the tag cost of the traceability technology is within the threshold, the
supplier’s profit decreases with the increase of the tag cost, and it is always greater than the corresponding
profit when comparing with the case that without adopting the traceability technology; (3) if the tag cost of
the traceability technology is too high, the retailer can use cost sharing or bargaining with the supplier to

encourage him to implement the technology.

1 Introduction

Fresh produce is necessary in people’s daily lives and is
also an essential part of the food industry. However, as
sellers of special perishable product, grocery retailers
often suffer massive losses due to damage and spoilage of
fresh produce [1]. In Europe, the attrition rate of fresh
produce in retail stores is as high as 15%, causing billions
of dollars in losses each year [2]. In the USA, the losses in
the fresh produce industry are up to $30 billion annually
[3]. In China, more than 25% of fresh produce decays
during circulation, which causes a loss of more than ¥150
billion every year [4]. Hence, massive losses of fresh
produce have become a critical issue that many retailers
must confront.

Where do these losses of the fresh products arise from?
According to the operations processes of the fresh produce
supply chain, the losses mainly arise from transportation,
delivery and retail. During fresh produce transportation
and delivery to the grocery, if distribution is inadequately
handled, such as keeping fresh produce at improper places
and temperatures on the shelves, spoilage will increase
greatly. Additionally, if fresh produce is misplaced during
retailing, consumer buying choices will be affected, and
the losses of fresh produce will also increase.

How can the loss rate of produce be reduced? The most
effective  solution is  traceability  technology
implementation. traceability technology is considered an
effective way to solve the problem of misplacement
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because it enables the tracking of produce and access to
real-time inventory information [5]. In addition, the
retailer will not miss sales opportunities since the
application  of  traceability  technology = makes
replenishment more timely [6]. However, traceability
technology implementation will influence the benefits and
costs of the different members of FPSCs. If there is a lack
of effective revenue-sharing and cost-sharing among the
members of the supply chain, traceability technology
implementation will lead to inefficient cooperation in the
FPSC, which will greatly aggravate the losses of fresh
produce. Therefore, an increasing number of researchers
and practitioners are paying attention to the application of
traceability technology.

In the FPSC management with competitive suppliers,
the application of traceability technology increases costs
to the suppliers, and reduces the misplacement rate of the
retailer. Free-rider behavior by the retailer causes him to
share in the benefits of the supplier and affects the
operation of the FPSC. Therefore, how to coordinate the
FPSC in centralized and decentralized decisions with
traceability technology has become a question worth
considering. Another major challenge is to maintain a low
loss rate for fresh produce. Traceability technology has
been verified to significantly improve efficiency in
different stages of the supply chain, and the related effects
on costs are by no means negligible [7].

Therefore, we consider a FPSC of two competitive
suppliers with centralized and decentralized decision-
making, and investigate the impact of the tag cost of
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traceability technology and the freshness of the product on
the profit of the FPSC under two scenarios-with and
without traceability technology. The supply chain will
obtain more profit after adopting traceability technology.
This is a worthy scientific problem for study.

2 Problem Desciption

We consider a two-tier FPSC composed of two suppliers
and one retailer. In this chain, the retailer purchases two
single-cycle fresh produce from two suppliers
simultaneously. The retailer and the supplier act as a
Stackelberg leader and a follower, respectively. In this
paper, we examine the impact of the application of
traceability technology on circulation efficiency and
decision-making in supply chains. There are three
scenarios about the supplier’s investment of traceability
technology: two suppliers do not implement traceability
(SS); one supplier implements traceability technology and the

other does not (S ); and two suppliers implement traceability

technology (SS).

Based on the market demand for the fresh product, the
retailer determines its ordering quantity before the
product’s selling season, the suppliers determine their own
wholesale price, and then, the product is transported by the
supplier and arrives at the target market when the
product’s selling season begins. Finally, the consumers
obtain the fresh produce at a certain selling price which are
determined by the retailer.

Supplier
Supplier

Fig 1.

Research Framework in the FPSC

To simplify the mathematical model without losing
generality, we assume the following:
e The salvage value of the fresh product at the end of the
sale period is zero.
e The supplier and retailer are risk-neutral; thus, they
always pursue maximum profit.
e A stock-out is not allowed.

Before formulating the supply chain decision problem
with traceability technology, we introduce the following
notations.

Tablel. Notation for mathematical models

Parameters Brief description

c The production cost of fresh produce

u. The retailer’s demand for products i
1

0 The retailer’s demand when the selling price is
0 zero
a The price elasticity of demand

Parameters Brief description
B The preference of the supplier
H(t) The produce’s freshness

k The coefficient of competition between two
suppliers

w. The supplier’s wholesale price for product i

. The retailer’s selling price for product i

) The ratio of misplaced quantity to inventory

@ The ratio of produce’s loss to inventory

5 The proportion of the retailer’s tag cost
investment

S The salvage of misplaced produce

X The ability of the retailer’s bargaining power

1
11 The profit

We develop a mathematical model for an FPSC with
traceability technology. The fresh produce’s demand
function is:

u=0,~ap,+k(p,~p)+B(0) -k (0(1,)-0(1)))- morderto
k=k =k,
9=6(1)- k(g(tj),g(t’v)). Therefore, the demand function

simplify the calculation, we assume

is ui:QO_apﬁk(pi_pi)Jrﬁlg. Here, the demand is

inversely proportional to the selling price, and it is affected
by the differentiation degree of the products. When the
retailer’s selling price is unpredictable, the supplier
determines the wholesale price through bargaining game.
Therefore, the optimal selling price determined by the
retailer must meet the principle of profit maximization.
The bargaining process between the supplier [ and the
retailer { is as follows: w, =(1-x)p., p, =argmax[],,
i=1, where x, is the bargaining power of the retailer in
the asymmetric situation, ( < x, <1, ¢,<w <p,.

The retailer orders the fresh products from the supplier
according to the predicted market demand, and neither of
them can share inventory information. There are two
major problems in retailer’s inventory: misplacement and
loss. The ratio of the misplacement to the inventory is
,1( ,16[0’1]) , the ratio of the loss to the inventory is

(p((p c [0,1]) .When the inventory is (, the quantity of the
products that can be sold normally is (1_ Y _¢)Q , the
remaining fresh product is 3¢ . The unit salvage that they

have at the end of the sales period is S.

In reality, we can use the traceability technology to
realize real-time monitoring to solve the problem of the
misplacement and loss of fresh products. The traceability
technology is often adopted by the supplier. Therefore, it
is assumed that the supplier bears the cost the traceability
technology. In this paper, we only consider the variable
cost of the investment on the traceability technology, and
the fixed investment cost is not considered.
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3 A Coordination Model Under Three
Scenarios

In this section, we assume a single-period setting. The
product is perishable and, hence, must be salvaged at the
end of the period. We consider three structures in the
mathematical model, which is §§ model, SS model
and SS model. Here, SS represents the case that two

suppliers do not adopt the traceability technology, SS
represents the case that one supplier adopts the traceability
technology, SS represents the case that two suppliers
adopt the traceability technology.

3.1 5SS model

When the retailer is the leader, the suppliers do not adopt
the traceability technology. The retailer’s misplaced
inventory quantity is Au, the loss quantity of the fresh
produce is @u, and the inventory available quantity is

(1 -A- Q)) u . Thus, the retailer’s profit is

2
Hfas(p):z{[(l_l_(p)pi+/15i]l”i_wfui} (1)
i=1

Taking the second derivative of Eq.(1) with respect to
the selling price, we have

217158
aLZ(p):—Z(a+k)(l—l—(p)<0 2
op;

From the equation, we know that the retailer’s profit
function is strictly concave in its selling price. Thus, there
exists a maximum value.

Taking the first derivative of Eq.(1) to the selling price,
then we set it equal to 0. Therefore, the selling price of the
retailer is

p_ss:[kz—(a+k)2](ﬂs,-—w,»)+<a+2k)<1—ﬂ«—<o)(Qo+ﬁse) 3)
’ 21-A-p)| (a+k) -]
According to the bargaining power of the retailer, we
can get the wholesale price of the supplier

w,=(1-x)p, “4)
Substituting Eq.(4) into p* , we get the optimal

selling price of the retailer
pss‘ _ (1—1—@)(Q0+ﬂ19i)—0{ﬂsl (5)
! [1+x,-2(A+p)]a
Then, we can derive the optimal wholesale price of the
supplier
W (1) OO el
[1+x -2(A+9)]a
The fresh produce’s optimal demand is:
S (a+k)As,—kAs; +(x, = A—9) (0, +S9.)
! 1+x,—2(A+¢)
Therefore, the retailer’s optimal profit is

(7

. 2 ads, +(x, —A—)(0, 08 ) +kA(s, —s,
() =21 (1-2-9) ( NG, 43) ; (529
= all+x,—2(A+¢)]

®)
Because the supplier’s profit is
Hif(w)=ui(wi—ci),i=1,2 . Substituting Eq.(6) and

Eq.(7) into the supplier’s profit function, we obtain the
supplier’s optimal profit
(1-x)[(A-2-9)(Q,+B9)-aks,]  (9)

Hizs* = 2
a[1+x,. —2(l+(p)]

3.2 5SS model

When the supplier j adopts the traceability technology,
the fresh produce obtained from the supplier j will not

be misplaced or damaged due to the free-rider effect for
the retailer. However, the inventory of the fresh produce
obtained from the supplier i is still inaccurate. Therefore,
the retailer’s profit is

I35 (p) =u,(p, - w,)+[(1= 2= @)p, + A5, ]u, ~ wu,
(10)

Similarly, the wholesale price of the supplier is
SS
W' =(1-x)p,
The fresh produce’s demand is
u‘fs:Qo—ap/.+k(pi—p‘/)+ﬁ19j (12)
Taking the second derivative of Eq.(10) with respect to

(11)

the selling price, we have &'TTy (p) <0 oIy (p) <0
op? 2
From the equation, we know that the retailer’s profit
function is strictly concave in its selling price. Thus, there
exists a maximum value.
Taking the first derivative of Eq.(10) to the selling
price, then we have
- (0, +89) )+ k(a+k)As,(®-1)
T (1x)) 2014 x,) (@ + k) -k (x,+ @) (D +x,)
13)

J

As [ 1 (x, + @)= (14, ) (@+k) |
L+, ) (20— 1+x,) (@ +k)’ =k (x,+ @) (D +x,)
(14)

P =
(

Where P=1-4-¢

The fresh produce’s demand for supplier j is

k(0 +B9, ) k(x,+ @) +(@+h)(x, +1)@]
K

u)® =(0,+49;)-
15)

The fresh produce’s demand for supplier i is
5 _ k(Q+B9 ) (a+k)(1-x,—20)—k®(x,+ D) ]

! K

(16)

Substituting Eq.(15) and Eq.(16) into Eq.(10), we can
derive the retailer’s optimal profit.
The profit of the supplier j is

Iy (wy=u,(w, —c,—t) (17)
Substituting Eq.(11), Eq.(13) and Eq.(15) into Eq.(17),
we can derive the optimal profit ngs‘ .
The profit of the supplier I is
I3 (w) =u, (w,—c,) (18)
Substituting Eq.(14) and Eq.(16) into Eq.(18), we can
derive the optimal profit HEIS i
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3.3 55 model In the SS model, 5 _(QtA%)
(1+x)x
When two supplier.s adopt the traqeability technology, the - otk k . ' .
fresh produce will not be misplaced or damaged. u = (Qo +,B*9,) 1- =12 j=3-i
(I+x)a (+x)a

Therefore, the retailer’s profit is
_ 2
H‘;S(p)=2(”ipf_wf”i) (19)
=

When the retailer’s bargaining power is x , the
wholesale price is

w? =(1-x)p,i=12 (20)

Similarly, taking the second derivative of Eq.(19) with
respect to the selling price p;, we havem <0-

op}

From the equation, we know that the retailer’s profit
function is strictly concave in its selling price. Thus, there
exists a maximum value.

Taking the first derivative of Eq.(19) to the selling

price, then we have the equilibrium solutions

5 :%,iﬂﬂ @1)
X )a
X, )a

ufs*=(Qo+ﬂl9,-){1—
Therefore, the retailer’s optimal profit is
2
s og i@ s vk &
= (1+x)a (I+x)a (1+xj)a

(24)
profit is

a+k k (23)
(I+x)a (1+x)a

The supplier’s
T3 (W) = ui(wi—ci—t),i =1,2
Substituting Eq.(22) and Eq.(23) into the supplier’s
profit function, we can derive the supplier’s optimal profit.

g* :(Qo+ﬁl9i)|:(1—)zil)-£Qo)+ﬂtgi)_c’__tj| (25)
x, )

4 Comparative Analysis Under Different
Structure Moderls

To reveal how traceability technology affects the selling
price, the wholesale price and the profit under different

structure models, in this section, we compare the SS
model and S model.

Proposition 1. In the S5 model, the tag cost of
traceability technology has no correlation with the selling
price, the wholesale price and the market demand.
However, through changing the retailer’s inventory
availability, the retailer’s profit can be indirectly affected
and the profit of the supplier who invests in the traceability
technology can be directly affected.

wor )@+ BS)
l (I+x,)a

From the equation, we can see that the tag cost of
traceability technology has no correlation with the selling
price, the wholesale price and the market demand.

When the traceability technology is adopted, the
retailer’s inventory availability is 1. The retailer’s
inventory availability is less than 1 without traceability
technology. Therefore, the retailer’s profit can be
indirectly affected by the retailer’s inventory availability.

The supplier’s profit is H?(w) =u, (w,. —-c —t),i =12.

From the equation, we can see that there is a correlation

between the supplier’s profit and the tag cost.
Proposition 2. In the SS model, the tag threshold

that the supplier j is willing to invest in traceability

technology is
(@+BH+p’ (1—);/)[(Q0 +ﬂ19j)+kp;wM:|
b (@rB9)-(arhp) +ipY
H=p} [Cj _(l_xj)pfs]_pfs [c;‘ _(1_xj)p§SJ - In
the SS model, the tag cost threshold that the supplier I

is willing to invest in traceability technology is
a(Q,+ p3)+aAd—k(A-B)

) + BN x(@+h)+x, (ax, —k)]
_ads (0, +48)(1--p)

where

where

A 5
2A+2p—x,—1

R A )
22+42¢p-x, -1

In the SS model, when the supplier with traceability
technology can obtain more profit than the supplier
without traceability technology, the supplier j is willing
to invest in traceability technology. That is
ATT® = Hgf - Hﬁf > (. Therefore, we can obtain the tag

cost threshold ¢, for the supplier ;. Similarly, we can

derive the tag cost threshold #, for the supplier i.

Proposition 3. When the tag cost of the traceability
technology is within the threshold, the supplier’s profit
decreases with the increase of the tag cost in the SS and
SS model, and it is always greater than the corresponding
profit when comparing with the SS model.

From Eq.(17) and Eq.(25), it can be seen that the
supplier’s profit decreases with the increase of the tag cost.
From Proposition 2, we can know that when the tag cost
of the traceability technology is within the threshold,

AT =TT -8 50 . AITS =¥ -1 >0, that is,
ngs > ngs , HE >T1} . Therefore, the supplier’s profit

with the traceability technology is greater than the case
that without the traceability technology.
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Proposition 4. The retailer’s profit will increase after
adopting the traceability technology. When the initial tag
cost of the traceability technology is too high, the retailer
can use cost sharing or bargaining with the supplier to
encourage him to implement the technology.

The free rider effect of the retailer makes him share the
traceability technology that implemented by the suppliers,
and helps himself solve the problem of inaccurate
inventory. Thus, the increase of the retailer’s profit is due
to the decrease of inventory loss and products’
misplacement. The increased profit is

AIl,, = (Aus + gu) (pl. — wl.) . The supplier bears the cost

of the new technology alone. Therefore, when the tag cost
of the traceability technology is higher or exceeds the
threshold, the retailer can share the cost with the supplier
to encourage the application of the traceability technology.

We assume that the retailer’s cost sharing ratio of the

new technology is O , the supplier’s cost sharing ratio of
the new technology is (1-)/2. Thus, the retailer’s profit

) o 2 ., .
15 115 (p) = Z(”il’f —wu, —3t,)- The supplier’s profit is
j=1
5 1-0
i[s (W) =u,(w,—¢, _th) :

From the above discussion, we derive some instructions
from the model. In the real life, it is significant to promote
the supplier and the retailer to implement the traceability
technology. Furthermore, if the tag cost of the traceability
technology is too high, then they can share the cost of the
new technology to obtain more profit and achieve a win-win
result.

5 Numerical Examples

In this section, we present some numerical examples to
illustrate the theoretical outcomes obtained in the previous
sections. Here, we assume that ¢, =30, ¢,=30,

0,=300, a=2, k=1, x,=03, x,=03, 4=0.1,
s,=1, s,=1, $=0.7, $,=0.7. Using the parameters,

we apply them to the previously analysed scenarios. Next,
we analyse how the traceability technology impacts the
profits of both the suppliers and the retailer.

3000
AT 2000 |
1000

0

-1000

0

ATT™

Mi

Fig 2. The suppliers’ profit difference with the change of

the tag cost

From Fig.2, we can see that the threshold of the
traceability technology’s tag cost that the suppliers can

afford in the §§ model is ZES €(0,27.2) . The threshold
in the S model is % €(0,20.2), and ¢ >/ . The
difference of the supplier’s profit decreases with the
increase of the tag cost, and AH? > AH;.S > AHEi . This

shows that in the two competing suppliers, supplier 1 gives
priority to the traceability technology, which can enjoy the
benefits brought by the technology, and the tag cost he can
bear is also higher. However, the profit difference of the
supplier 2 decreases to a negative value. When the supplier
2 realizes the threat and then follows the competitor to
adopts the traceability technology, the profit will increase.
Then, the profit of the supplier 1 decreases, and the tag
cost that supplier 1 can bear becomes lower.

5000

AT,
4000 1

W00 T ]
2000 :

1000

0

. ' t
0 10 20 30

All R1

ATT, Az,

Fig 3. The retailer’s profit difference with the change of

the tag cost

The results in Fig.3, showing the retailer’s profit has
no correlation with the tag cost in the three structure

models, and the retailer’s profit is Hf?s >H§S >T15 .

When the supplier adopts the traceability technology, the
retailer can share the spill over effect of the technology for
free. When the two suppliers adopt the new technology,
the profit is the highest, but the critical cost that the
supplier can bear is limited. Therefore, the retailer can
adjust the bargaining range and cost sharing contract to
coordinate the benefits of both sides, and encourage the
suppliers to apply the traceability technology.

Here, we assume that x, =0.3, x, =0.3. Thus, we

can get the profit of the suppliers and the retailer.

x 10°

ATT® 2

1:5

0.5

0 1 I 1 1
0 02 04 06 03 1x

Fig 4. The impact of the bargaining level on the retailer’s

profit difference
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Fig.4 demonstrates the impact of the bargaining level
on the retailer’s profit difference between the S§S model

and SS model. We can see that no matter how the
bargaining level of the retailer is, the retailer’s profit
always increases, and it is decreasing first and then
increasing. Therefore, the application of the traceability
technology by the suppliers is always beneficial to the
retailer, and the retailer should actively respond and assist
the suppliers in adopting new technology.

6 Conclusions

In this paper, we have investigated supply chain decisions
for fresh products with competitive suppliers after
adopting the traceability technology. We focus on the
effectiveness of the traceability technology on FPSC when
three structures in the mathematical model. Three cases

are considered: SS model, SS model and SS model.
In each case, we determine the optimal decisions in FPSC
and the threshold of the tag cost when adoption the
traceability technology, the range of the tag cost for
achieving a win-win situation in FPSC. Then we compare
the parameters in the three different scenarios. In practice,
it is necessary to encourage the supplier and the retailer to
adopt the traceability technology. In addition, if the tag cost
of the traceability technology is too high, then they can share
the cost to achieve a win-win result and maximize their own
profit. This paper provided a decision-making reference
for the enterprises.
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