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Abstract
This research considers a fresh-product supply chain consisting of a single-buyer and
a single-supplier for deteriorating products where the market demand is dependent
on the retail price and fresh rate of products. Firstly, in a competitive model, the
primary decision variables (i.e., the supplier's wholesale price and preservation-
technology investment and also buyer's order quantity and retail price) are
determined. Afterward, a centralized model is developed to optimize the whole
system so that all the players inthe supply chain reach equilibrium. Then, a combined
incentive mechanism based on revenue and preservation-technology investment
sharing is designed to motivate the members to participate in the centralized model.
Finally, the proposed models are accredited with the data set of a real-life
application. The results indicate that the designed contract is capable of coordinating
the fresh-product supply chain under a wide variety of sharing rate. Moreover, the
transactions in the centralized mode will have less Lost-of-Profit than the
decentralized ones while it also has a higher whole channel's profit.
Keywords: Supply chain coordination, fresh product, preservation-technology
investment, revenue and cost sharingcontract

1-Introduction

In the recent decade, there has been a great attention on the fresh-product supply chain management
(FSCM) as a sub-component of the agriculture sector (Govindasamy and Thornsbury 1999, Fouayzi,
Caswell et al. 2006, XIAO, Jian et al. 2008, Cai, Chen et al. 2010, Cai, Chen et al. 2013, Su, Wu et al.
2014, Nakandala, Lau et al. 2016). The main characteristics of this type of supply chain which
distinguishes this one from the other supply chains are time limit during the supply chain process
(perishable products), a variety of storage options, transportation methods (temperatures, humidity),
various procedures in packaging, short preparation time, and dependency on the seasonal demand
(Cook 1990). Fig. 1 shows fresh-product position in the product differentiation.
The fresh-product waste is a critical issue for the countries. For example in the food sector as an
important part of the fresh produce, in developing countries, almost 42% of the food losses occur after
the harvest and in the sales/transfer process.
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The wastage in the EU is about 90 million tons annually (Monier, Shailendra et al. 2012). The
wastage in the food products belongs to industrialized countries is about 220 million ton while the
total food production in sub- Saharan Africa is almost 225 million ton. Also the fruits and vegetable
waste is about 15-30% of whole products produced in the world. In the case of fish and seafood in the
developing countries, losses rates between 6-8% that the major part of this rate occurring during sales
and transfer process (Gustavsson, Cederberg et al. 2011). The reports show that about one-third of the
fresh-product is lost or wasted globally, something about 1.2 billion tons a year (Ala-Harja and Helo
2014). The cost of global fresh-product wastage was evaluated at about 750 billion dollars in
2007(Papargyropoulou, Lozano et al. 2014).

Investing in the preservation technologies, coordinating the supply chain members, and providing the
feasible mechanisms for the adoption of integrated decision-making can greatly reduce these
wastages(Buisman, Haijema et al. 2017). Indeed, the preservation technologies extend the quantity
and quality of fresh products with deteriorating rate reduction in safe and sustainable methods.in
another word, the preservation technology helps to regulate the market by reducing the waste, help to
storage and save the fresh products for future demands or when the shortage happens, and avoid the
fluctuations in the retail prices during the year.

Although the perishable rate of fresh products can be managed and decreased by investing in the
various care technologies, the dedicated cost of these technologies is always the challenging issue.
Therefore, the optimization of the FSCM by incorporating preservation-technology investment is a
new opportunity for the research.

Perishabhle

products

Non-Eatable
Agricultural Armimals and
products their products

v v

Fresh products Long shelflife

Fig. 1 Product differentiation(Adopted by (Shukla and Jharkharia 2013))

Generally, this paper presents a framework to coordinate the fresh-product decisions under
preservation-technology activity while the demand is sensitive to the retail price and fresh and
remaining rates. The proposed framework helps stakeholders to decide on the preservation-technology
investment, wholesale price, retail price and order quantity. In brief, the main contributions that
differentiate this study from similar works are as follows:

e Studying the fresh-product transactions in the supply chain coordination under uncertain multi-
factor dependent demand by considering the preservation-technology investment.

e To create a more realistic model, the deterioration in both the quantity and quality of products are
considered.
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e Designing a combined revenue and preservation-technology investment sharing contract to
coordinate the investigated supply chain and also analyzing the best options by the supply chain
members.

e To verify the proposed model in practice, a case study is used based on data from 10 types of fresh
products

e Providing the comprehensive sensitivity analysis for comparing the preservation-technology
investment, order quantity, prices (wholesale and retail), and total profit in the decentralized,
centralized, and coordinated modes.

The rest of the paper is organized as follows. We review the literature on coordination supply chain
management and preservative technologies in Section 2. We also propose leader-follower Stackelberg
game models in the two modes: (1) the decentralized decision-making, (2) the centralized decision-
making in Section 3. In Section 4, we then propose the revenue and preservation-technology
investment sharing contract to motivate the members to participate in the centralized decision-making.
We then empirically test the proposed model with the numerical example in Section 5. Section 6 is
devoted to conclusions and future research trends.

2-Literature review

In the past years, the integration and optimization of the perishable supply chain have attracted the
attention of many researchers (Chen et al. 2005), (Chen et al. 2007), (Bisi and Dada, 2007), (Nahmias,
1977), (Pishvaee et al, 2010) and (Yu and Zhang , 2011). Moreover, along with the growing global
competition, the use of quantitative methods is developed in the FSCM such as forecasting, pricing,
data mining, etc.( LI, et al. 2012) and (Choi et al. 2016). These quantities methods help stakeholders
to optimize important decisions such as the wholesale price, preservation-technology investment,
fresh effort level, order quantity, and a retail price that significantly impact on the performance of the
FSCM (Govindan et al. 2013). Under such a case, the trade will be beneficial for all stakeholders in
the different aspects like price assurance, market boom, waste reduction, etc.

In this regard, in focus of the FSCM based on newsvendor approaches which are related to this
study, XIAO et al.,(2008) proposed coordination supply chain model under freight business and
uncertainty and long distance transportation. They presented a mechanism based on cost-sharing
contract to coordinate the members of supply chain. Sana (2012) presented a coordination model
based on buy-back of damaged products to the principles while he focused on the volume flexibility
and replenishment lot size. Cai et al. (2013) studied a supply chain in which a vendor supplied a fresh
product and buyer purchased then sold it to consumers besides both types of perishability. A
wholesale-price-discount sharing contract was presented to coordinate the entire sequence. Cao et
al.,(2015) proposed the coordination of a supply chain including a single manufacturer and retailer
under disruptions of demand. Jin and Luo, (2017) investigated a mathematical model based on the
newsvendor financing model. Their proposed model considered the optimal order quantity under
different information modes (i.e., symmetry and asymmetry). Li et al., (2017) considered the order
policy of retailer and the procurement price of the manufacturer with commitment-option contracts
while products were seasonal.

Generally, there are a few studies on perishable supply chain management that take into account the
real characteristics of the transactions, such as the preservative technologies in the collaborative
supply chain channels. Under the real condition, the freshness index of products depends on the
preservation-technology condition and its investment level (Dye and Yang, 2016). Indeed, the
preservation-technology investment can decrease the deterioration of product, increase the freshness
rate of products, and consequently reduce the level of product waste. In another hand, the buyer's
retail price and order quantity is very sensitive to the freshness rate of products. In this regard,
(Affisco et al. 2002) studied the preservation-technology investment on the quality control and the
decrease of setup cost. Lee (2008), considered preservation-technology investment under cost/profit
mathematical models to obtain the Investment return and the remaining product quality. Hsu et
al.(2010) developed a perishable supply chain under fixed demand in which the supplier is
permissible to use the preservation-technology characteristics. Saha et al. (2017) considered a
collaborative pricing and preservative technology condition for the perishable product while the
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demand was dependent on the price and time.

Despite recent efforts to improve the efficiency of FSCM and waste reduction, proper efficiency and
output have not yet been gained (Ameknassi et al. 2016). Moreover, based on the conducted literature
review, we found that there are few studies on coordination fresh-product mathematical models
considering real characteristics of the transactions such as quality and quantity level of products, the
role of preservative technology in the transactions, and also new and practical coordination
mechanisms for the stakeholders in the FSCM models. Indeed, due to the inherent perishability and
the wide variation in demand for these types of products, detailedplanning, and practical framework
could help the supply chain members to properly make their challenging decisions including supplier's
wholesale price and preservation-technology investment and also buyer's order quantity and retail
price. Hence, to cover this gap, this research investigates a supplier-buyer game model for
deteriorating products when the supplier invest in the preservative technology while the demand is
sensitive to fresh rate, remaining rate, and retail price. Afterwards, a combined revenue-preservation
technology contract is designed to coordinate the investigated supply chain. Also, the proposed
contracts are analyzed under their own key parameters with different product types.

3-Problem description and modelling

This study investigates the supplier-buyer structure in the following procedure: First, fresh-products
are supplied in the hall's fresh-product shop while the supplier determined the wholesale price and
preservation-technology investment. Then, a buyer decides about the order quantity regarding the
supplier's decisions. Afterward, the buyer determines the retail price for the product delivery to the
customer. Fig. 2 shows a conceptual model of the investigated fresh- product channel in this research.
The stochastic demand which depends on fresh rate A(T), the retail price p is defined as follows:
D(p,t) = yA(1)p~%s, e>1

Preservation-technology investment (t)

R T e L T e T e e R b |
“\Wholesale price(w) and preservation- / : \ N
{ | technology investment (r)  / \ Retailprice(p) [ Market
| Supplier * » Buyer !

/ * \ demand |
b X \ J \\_ ._a;
‘.\__-__— -"/, 4 N\ \\\‘- ~ ;/, \\.\- B -'/_ /
A Order quantity (q) ] N '

_____________ o

Fig. 2. The conceptual model

The main assumptions and notations list are presented as follows:
Assumptions:

1. Specifically, it is assumed F(T,&1) =A(1)e; and G(1,&,) =g(7)eand also, both the fresh
rate A(t) and remaining rate g(t) are positive and increasing on 7. Thatis, increasing
preservation-technology investment increases fresh and remaining rates.

2. A fresh rate A(7) is over [0, 1], where if A(7) = 1, then the product is "completely fresh" and
if A(7) = 0, then the product is quietly corrupted.

3. A remaining rate g(7) determined in the interval [0, 1] where if g(7) = 1, then the remaining
product is %100 and also ifg(z) = 0 then the remaining product is 0.

4. A fresh effort for reducing the deterioration rate to preserve the products is needed a cost.
Hence, we define tas a preservation-technology investment function per product unit.
Function 7 is strictly increasing, continuous, in the interval of[z!, 7%], and differentiable on 7.

5. The system consists of a single supplier that supplies a single-product in the fresh product
supply chain by a single buyer.

6.  The information is symmetric for all members, and the results are reported under an infinite
time horizon
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7. All costs including growing fresh products ¢, and transportation c, are known and constant.

Notations:
& A random variable that affectsthe fresh rate
& A random variable that affectsthe remaining rate
€ A random variable that represents the changes in demand
The basic market
e The Price elasticity
ci Growing cost per product unit
c2 Transportation cost per product unit
T The preservation-technology investment for reducing the deterioration rate
7! Given constant that states the minimum fresh effort

Given constant that states the maximum fresh effort
F (t,e)  The fresh rate function
G(t,&,) The remaining rate function

p The retail price

q The order quantity

s Stocking factor

w The wholesale price

T Pd“ Buyer's total profit in the decentralized mode
TPdeC Supplier's total profit in the decentralized mode
TPS%eC Whole channel's profit in the decentralized mode
Tpeen Total profit in the centralized mode

3-1-Decentralized decision-making mode

We will investigate the decision variables including the supplier's wholesale pricew and
preservation-technology investmentrand also buyer's order quantityq and retail price p with inverse
inference approach. For ease of calculation, we assume that random values(g;,&;) are given
parameters. Also, the fresh and remaining rates are equivalent A(t) andg(7), respictively. In this case,
the optimization problem in the FSCM, as a follower, is formulated as follows:

TRE* (p, qlw, ) = plmin(yA@p~*e, (1) )] - o
The first statement denotes the buyer's income from the product sales and the second statement
gives the purchasing cost of products. According to (Petruzzi and Dada 1999)theorem, the pricing
problem can be changed into an optimization problem in which the price and order quantity replaced
by the price and a stocking factor, regardless of the type of demand.Therefore, the order quantity is
defined as ¢ = y A(t)p~¢e s for the multiplicative demand. Then, we can change decision variables

from TP (p, q|lw, T) to TP (z, q|w, T)in Eq. (1)with converterp = (y '1(’)5

TP (s, qlw,7) = (52 “”) e[min(yA(D)p~°¢, g()q )]-wq @)

Also, after taking the mathema‘ucal expectation of Eq. (2) on g, buyer's profit can be rewritten as:

B[TPSe* (s, qlw,0)] = @@ @0 (1= [ (1-) fa)dx - wa
0

)e as follows:

3

Propositionl. For any givene, the optimal stocking factor can be obtained as (Cai, Chen et al. 2010)
in the following procedure:

soF(sp) = (e — 1) fsoxf(x)dx (4)
0

By substituting Eg. (4) into Eq. (3), we have:

TP§*“(z,qlw,7) = —(yso/l(r)) (1= F(so)) (@) e —wg ©
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Proposition2. In the multiplicative case with a given the preservation-technology investment tand
wholesale price w, the buyer's best order quantity satisfies:

q*% = ysog (D) A@(L = F(50))* (W)~ (6)

Proof. By setting the first-order derivative equation (5) on ¢ equal to zero, we obtain the optimal
order quantity g*%¢¢. Note that the second-order derivative equation (5) on ¢ is negative and
consequently Eq. (5) is concave.

aTPgec o 7
((;q qlw,0) _ (ysoa(r)) (1= F(so))g (@' (1 - E) T —w (7)
aZTPdec , : 1 . B . N .
) af; o Te—1 (yso’l(f))e (1= F(so))g()' (1 —g)q 1< ®)

Since A(t) and g(t) are in the range [0, 1], it is obvious that E{A(7)} and E{g(t)} are also in the
range [0, 1]. In compared with durable products, we can say that “the order quantity increase” will
result in a higher fresh and remaining rates (i.e., as the preservation-technology investment increases,
the deterioration probability of the products will decrease, and ﬁnally, the buyer will order a higher
yA(®)s

quantity). Also, by setting equations (4) and (5) into p = (qg @

)e, the optimal retail price can be

obtained.

After determining the decision variables of the buyer, the supplier as a leader can optimize her/his
profit function according to the feedback from the buyer's values. In this regard, by substituting the
buyer's optimal order quantityq™ into the supplier's total profit, the supplier searches to maximize
her/his profit by setting an optimal wholesale pricew™ . The expected total profit of the supplier can be
expressed:

TPSdeC(W, T q*dec) — Wq*dec _ Clq*dec _ (Czq*dec + ‘L') (9)
The first statement is revenue from selling the fresh products to the buyer; the second term represents
the production cost per product unit (i.e., growing, harvesting, washing, sorting, and shipping of the
fresh products), third terms denote the transportation cost, and the last one gives the preservation-
technology investment. By substituting Eq. (5) into Eq. (9), we arrive at the following result:

10
*dec) (W — (¢ + cz))ysog(r)e A7) [ (SO)] (10

xdec

Pdec(W T

Proposition3. For a given q, if TPZé¢ (w, T|q ) is a concave function, then there is only one
wholesale price that maximize supplier's total profit. In this case, the optimal wholesale price is:

e
W*dec — p— (C1 + CZ) (11)

Proof. For the stated order quantity q by the buyer, the first and second derivatives of

TpAec (W, T q*d"’c)on w can be derived as:

OT P (w, T|q" ) (12)
ow

= (—e 4+ Dysog (0 A1 — F(sp)]°w™¢ + e(c
+¢2)ys0g (@) TA(Dw !

= 509 @ADL = Flsp)lw™ [(—e + D +
q*dec) (13)

e(c; + Cz)]
w

0%TPdc(w,t
ow?

= —e(—e + Dysog (@ A@[1 = F(sp)]°'w ™! = (e + De(c,
+c)g (@ A(Dw 2
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The expression (eysog(t)¢ *A(T)[1 — F(sq)]®w™¢"1) is positive for eachy > 0,e > 0,w > 0.
(e+1)(c1+¢2) q*dec)
w

reaches its maximum when its first-order condition equals zero. Since Eq. (10)is concave, then with
givencs,cz and e, we can find the optimal wholesale price w*@¢by equating the first-order of Eq.
(10)to zero. Also, by substituting the optimal wholesale price w*%¢¢ into Eq. (10), we have:

Therefore, under condition of (e — 1) <

that is true for transaction, TPSdeC(W,T

*dec) _ [(1- F(SO)]e[ysog(T)b_ll(T)] s (14)

e ((01 +cy) e%)e_l

Proposition 4. For a given parameter b, the optimal preservation-technology investmentt*%¢¢is the
best solution of the following equation:

[A(T*dec)(e _ 1)gl(,[*dec)g(,[*dec)e_2 =1-— AI(T*dec)g(T*dec)e_l]

Proof. See Appendix A.

TPSdeC(W*deC, 1|q

(15)

Also, by substituting (4), (6), and (11) into (1), and also (6) and (11) into (12), respectively, the
optimal buyer's total profit and optimal supplier's total profit in the decentralized modes are:

e «dec\®~1 xdec
T e )
(e—1) ((Cl +c2) i)
TPS*dec — [(1 B F(SO)]e [ygog(r*dec)e_lll(.[*dec)] _ pxdec (17)

e ((01 +cy) ﬁ)e_l

3-2-Centralized decision-making mode

The supply chains face many challenges due to those connections for resources and information. To
overcome these challenges, supply chain members must be moved toward an integrated system.
Hence, in this section, the optimal decision variables of the supplier and buyer are investigated under
the centralized plan. The joint decision-making is now facing an optimization problem. The total
profit function in the centralized decision-making mode can be expressed as follows:

TP (p,q,7) = p[min(yA(D)p~?e, g(1)q )] —wq +wq — (c1 + ) — 7 (18)
= p[min(yA()p~°e g(0)q)] = (c1 + c2)g — 7

With the same process of Eg. (1) _ (3) and repeating it for the Eq. (18), the following result can be

obtained:

e 1 _1 4t 19
TPeen = X (ysoA @)L~ Fso)g (@' o' ¢ = (cy + e)q — 7 1
The function structure of equation (19) is similar to the function of equation (3). Therefore, equation
(19) can be analyzed like equation (3) as the following Proposition.

*xcen *xcen

Proposition5. The optimal retail pricep and order quantityq in the centralized decision
making mode are the same as those in Propositios 1 and 2 with a minor modification, w is changed by
(¢1 + ¢3). The optimal values can be seen in the equations (20) and (21) as follows:

4" = ysoA(D)g (1) (1 = F(s50))° (c1 +2)”° 20)
ween _ (YADS0 1 @
)
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*cen

Also, by substituting the optimal retail pricep and order quantity g*“®" into Eq. (19), we have the
following result with a series of simple math operations:

1—F(sg)¢[ysog(t)¢ A(x 22
rpeenggy L= FO bysag @ @) (22)
e—1(c; + )¢t
Proposition 6. For a given price elasticity e, the optimal preservation-technology investmentz *“¢™ in
the centralized mode is equal to decentralized one T*%¢¢. Therefore, we can use T*%in the

centralized objective function.

Proof. The proof procedure is similar to the proof of Proposition4 and therefore ignores it.

*cen *cen *Ccen;

Also, by substitutingp , andt*“®"into (19), the optimal profit function of the centralized

mode is:

and q

[ysog(z*e™) 1 A(z**M][(1 — F(s0)]°
e—1(c; + )t

By comparing the optimal decision variables in the decentralized and centralized modes, it can be

concluded that if (c¢; + ¢;) < w (that is true for any transaction), then g*#¢¢ < q*°®". On the other

hand, the higher order quantity will decrease the retail price. It can be shown in the mathematical term

as p*cem < p*@e¢. Also, by comparing the whole channel's profit in both the centralized and

decentralized modes, we arrive the following result.

T*cen (23)

Tp*cen —

Proposition 7. For any given price elasticity e > 1, the centralized model improves the performance
of whole channel's profit compared to the decentralized mode, i.e. TP;¢¢ < TP*ce",

Proof. Let E = [ysoA(t)g(t)¢ *][(1 — F(sy)]¢ , the whole channel's profit in the decentralized
mode is:

24)
E E
TPSﬂ;:deC — Tpgdec + TPS*dec — — + — — .L.*dec
e e
(e—-1) ((C1 +¢2) ;) e ((C1 +¢c2) Z)
We multiply the whole channel's profit of the decentralized in (:%1). in this case, we have:
(25)
p e— 1" E e—1\° E 4
A ()
e (e —1D(c; +cy)e? e (e —1D(c; +cy)e?
.. e-1\¢"1 re-1\¢ . . . ..
Under condition of (T) (T) < 1 that is true for any given price elasticity e > 1, the
comparison of Egs. (23) and (25) gives:
(20)

[ysgg( T*dec)e—u( T*dec)] [(1—F(sp)]e B

T*cen
e—1(cy + cy)e !
Tp*cen
e—1\°"! E e—1\° E v
> () =+() e
e (e —1)(cy +cy)e e (e —1D(cy +cp)e
TP;dec

As can be seen in equation (26), with a similar level of preservation-technology investment in the
decentralized and centralized modes, more profit is obtained in the centralized mode. Therefore, the
buyer's retail price and order quantity should be moved from (p*9¢¢, g*4¢¢) to (p*°e", q*°°™). As a
result, the profit of the buyer decreases due to changes of their optimal decision variables. Hence, a
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coordination mechanism is needed to motivate the buyer to participate in the centralized model.

4-Revenue and preservation-technology investment sharing contract (RPTS)

In the RS-PTT contract, the supplier first decreases the wholesale price w; then, the buyer returns a
fraction (1-k) of its revenue to the supplier. Also, the buyer pledges to absorb a fraction k of the
supplier's preservation-technology investment (See figure 3).

Market
demand

Fig 3. RS-PTI mechanism

The RS-PTI mechanism must be agreed by supply chain members. After that, the buyer determines
the order quantity ¢ that maximizes the following equation:

TP,® =" (p, qlw, 7) = kp{min[(yA(D)p~¢e), (g(D)@)]} — wq — k(coq +7) 27
The total profit of the supplier is as follows:

TP P (w, 1]q) = wqg — c1q — (1 — k)(cpq + 7) + (1 = k)p{min[(yA(D)p~%e), ()]}  (28)

The order quantity ¢ under coordinated mode is extracted such as the process of Eq. (2) - (8). In this
case, the order quantity in the coordinated mode is:

q" P = ysog (@) A k(1 = F(s0))° W + kep)~° (29)
where the retail price is:
RS—PTI __ yA(T)SO 1 (30)
N Cl

Proposition 8. The RS-PTI contract coordinates the investigated supply chain by obtaining the
coordinated wholesale pricewRS~FT! | preservation-technology investmentt?S~FT! | and designing the
proper parameter k. In this case, the buyer's order quantity can shift to g*“¢™ to obtain higher whole
channel's profit as discussed Section3. Hence, by comparing equation (29) with equation (20), we
have wRS=PT! = k¢,. Also, the optimal preservation-technology investmentt?S~FT! is obtained from
the following equation:

(1= )X (@)yp~ = [(e — 2)(e — 1)g" (1)*2g(c) + ' (D)g(1)2] 31

Proof. By taking the first-order derivative of E[TP S ~PT! (wRS=PT! 7|qRS=PTI)] with respect to rand
setting equal to zero, we can find the optimal valuep. Also, by comparing equation (18) and equation
(31), we find that by multiplying equation (15) in (k+1), plus sentence(k — 1)A” (z)yp~¢, we arrive
at Eg. (31). In this case, if 0 <k <1 , then (k—1)A"(t)yp~¢ < 0. Therefore, it is proved
azE[TPSRS—PTI(WRS—PTI’ ,[|qRS—PT1)]

12

that <0.
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OFE [TPSRS—PTI (WRS—PTI’quRS—PTI)] (32)

ot
= (k
_ 1 e—1 1 _ F e
+ 1) |yso <(S +C2))> < 6(50)> l[(e - 1Dg' (g (M) 2A(r)

+ @9+ (k- DA (D)yp~*

aZE[TF)SRS_PTI (WRS—PTI, quRS—PTI)] (33)
ot?
= —(k )
-1\ (1-F(s)\°
wobm(ers) () l (e~ 2)(e ~ Dg"(@*~24(0)

+2"(@g(° 2] + (k — DA (@yp~°

Both the buyer and the supplier accept the RS — PTIcontract under conditions where their profits
will not be less decentralized mode. Especially, the RS — PTIcontract must satisfy the
conditionsTP, RSP (p, q|lw, T) = TP, % (p, qlw, 1), TR,RSPTI(w, 7|q) = TP,%“(w,1|q).Therefore,
according to equations (1), (10), (27),(28) and (wRS=FTI ¢RS=PTI) 'the interval of sharing rate k is:

Czq*dec _ prcen (34)

k<1-
p*cen{E[min(yl(r*cen).[*cen_eg )’ (g(T*cen)q*cen)]} _ (Cl + Cz)q*cen — p*cen

{min[(yl(r*cen)p*dec_es ), (g(.[*cen)q*dec)]} — ¢ qrdec (35)
= p*cen{E[min(yl(f*cen)p*cen‘eg )’ (g(.[*cen)q*cen)]} _ (Cl + Cz)q*cen — p*cen

To implement the RS-PTI contract, if we adopt a value of & that satisfies equations (47) and (48) and
find the coordinated decision variables( wRS=PTI gRS=PTIy 'then all members of the supply chain in a
coordinated mode will receive a decentralized minimum profit.

5-Case study and numerical results

In this section, the data set of Mazandaran fresh-product market in Iran has been used for numerical
results of the proposed models. Iran has a remarkable agricultural sector among other industries (e.g.,
about 13% of GDP and 20% of the country’s employment). The diverse climates of various regions in
the country had provided a good condition to grow the fresh products(Amad 2012). Furthermore, in
the country, about 2,000 plant and flower species are produced and also exports about 90000 tons
flowers and more than 200 million cut flowers annual (Khojaste Nejad 2011). Intrinsic interest in
floriculture, favorable regional conditions for export, and the appropriate infrastructure are key
success factors for the development of this industry in the country(Riasi 2015). The growing cost and
transportation cost per product unit are summarized in Table 1. Parameter y is the basic factor that
evaluates the potential market size, and its value is equal to 500,000.The price elasticity e is 3.
Variable ¢ is a random variable that shows the changes in the demand. We let f(x) and F(x) to denote
the PDF and CDF of e€]0, 1]. Also, the functions of fresh and remaining rates are

Ap) =<0 and g(p) = /™",
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Tablel.The growing and transportation costs per unit of fresh-product

Products C1 C
Type 1 1390.6 323
Type 2 1090.4 476.2
Type 3 1437 481.1
Type 4 1073 406
Type 5 1212 360.2
Type 6 1354.2 432.5
Type 7 1133.1 362.3
Type 8 900 245
Type 9 3003 568
Type 10 1202.1 331.1

The optimal decision variables including supplier's wholesale w, preservation-technology investment
T and also buyer's order quantityq, and retail pricepalongside their profits are calculated in the
decentralized, centralized, coordinated modes (see tables 2)

Table 2. Optimal decision variables in the decentralized, centralized and coordinated modes

Decentralized
mode
Product #1
Product #2
Product #3
Product #4
Product #5
Product #6
Product #7
Product #8
Product #9
Product #10
Centralized
mode
Product #1
Product #2
Product #3
Product #4
Product #5
Product #6
Product #7
Product #8
Product #9
Product #10
Coordinated
mode
Product #1
Product #2
Product #3
Product #4
Product #5
Product #6
Product #7
Product #8
Product #9
Product #10

2475.72
2272.4
2759.08
2151.88
2279.76
2579.68
2188.68
1690.04
5026.88
2230.08

1097.56
875.84
1131.6
862.96
965.08
1071.8

915.4
736

2281.6

959.56

T

370.76
340.4
413.08
322
341.32
386.4
327.52
253
753.48
333.96

371.404
340.86
413.816
322.828
341.964
386.952
328.348
253.552
754.032
334.512

419.612
385.112
467.544
364.78
386.4
437
370.76
286.12
851.92
377.2

q

8314.96
6404.12
8486.08
9068.44
9281.88
9334.32
7293.76
9519.24
4512.6
10192.68

10254.32
83590.28
10313.2
10131.04
11027.12
10613.12
10235
9888.16
8394.08
10331.6

10254.32
83590.28
10313.2
10131.04
11027.12
10613.12
10235
9888.16
8394.08
10331.6

p

3886.08
3592.6
3806.96
2907.2
3696.56
4035.12
3460.12
2527.24
7168.64
3205.28

3622.96
3289.92
3442.64
2732.4
3622.96
3521.76
3056.24
2289.88
6023.24
2917.32

3622.96
3289.92
3442.64
2732.4
3622.96
3521.76
3056.24
2289.88
6023.24
2917.32

Supplier's Buyer's Channel's
profit profit profit
7460641.56 12747205.4 20207847.8
5273131 9191708 14464839
8483119 9671229 18154349
7071246 7446423 14517670
7667419 14296540 21963959
8725335 14763922 23489257
5784717 10083384 15868101
5830280 8658344 14488625
8218946 10504777 18723724
8236370 10810674 19047044

23154773.4

15007217

18443839

15390905

25802749

23501583

15998863

15524155

19041073

19761654

8044442.28 15110330.2 23154773.4
5534587 9472630 15007217
8714216 9729623 18443839
7414643 7976262 15390905
9324222 16478527 25802749
8737187 14764396 23501583
5860797 10138067 15998863
6798782 8725373 15524155
8501381 10539691 19041073
8392590 11369064 19761654
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Table 2 illustrates that the buyer's retail price in the centralized mode is significantly less than the
one in the decentralized mode while the buyer's order quantity in the centralized mode is higher than
that in the decentralized mode. Also, the whole channel's profit in the centralized mode is higher than
that in the decentralized mode while the preservation-technology investment is the same in both
modes. However, the buyer's profit reduces under the centralized model compared to the
decentralized mode due to the high reduction in the retail price. Thus, the coordination agreement
(i.e., RS-PTI contracts) is applied to motivate the buyer to shift from the lower whole channel's profit
(decentralized mode) to the higher whole channel's profit (centralized mode).

Moreover, the whole channel's profit in the coordinated mode under RS-PTI contract is higher than
those in the decentralized mode. Also, by implementing the RS-PTI contract, a win-win result is
obtained while the optimal retail price and order quantity is equal to those amounts in the centralized
mode. However, the wholesale price in the coordinated mode is significantly less than the
decentralized mode. Moreover, in the centralized state, the level of preservation-technology
investment is greater than the decentralized mode. This increases the product’s quantitative and
qualitative level and consequently reduces the product waste. In addition, at the level of k=0.8 under
the RS-PTI contract, the supplier will benefit more than the buyer from the profit share.

In addition, several important parameters have a more significant impact on the decision-making
process (e.g., sharing rate k, and price elasticity e. In another word, changing these parameters can
seriously change the optimal decision variables, and consequently, the supply chain members may
shift from one mode to another one. Therefore, in the following, a set of sensitivity analysis is
conducted to provide significant insight regarding the changes of optimal decision variables in
response to variations of input parameters.

5-1-The sensitivity analysis with sharing rate k

As an example, in the product type 8, the sensitivity of buyer's and supplier's profits in the
decentralized and coordinated modes are shown under different values of sharing rates k (See Fig. 4).
Fig. 4 shows that as the sharing rate & increases under the RS-PTI contract, the profit of the buyer in
the coordinated mode increases while the buyer's profit in the decentralized mode is fixed. As a result,
for each k > 0.52, the buyer's profit in the coordinated mode is higher than one in the decentralized
mode. On the other hand, for all values of k, the supplier's profit in the coordinated mode is better than
decentralized mode. Therefore, the RS-PTI contract can coordinate the investigated supply chain
under wide range of sharing rate k£ (i.e., 0.52 < k < 1).

9500000 —

9000000

Profit

8500000

8000000 S

7500000 \

7000000

6500000

6000000 T T
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Sharing rate k

----- Buyer's profit(decentralized) Buyer's profit(coordinated)
Supplier's profit(decentralized) Supplier's profit(coordinated)

Fig4. The sensitivity of the member's profit with different sharing rates k

143



5-2- The sensitivity analysis with price elasticity b

To analyze the effect of price elasticity e, first, we define the Loss-of-Profit (LOP) under the
absence of coordination mechanism among the members. In this case, we define variable LOP as
follows:

Lop = 1— 5 (36)
TP;
* -1 *
[ysog( ‘r*dec)e_l}t( r*dec)][(l—F(so)]e [[ysog( T dec)e AT dec)]][(l—F(So)]e Cdec
o1 o1

4 (e-1)(35(c1+¢2)) _ e(S5(cr+er)
- [ysog( T*dec)e_ll( T*dec)][(l_p(so)]e — pcen [ySOR(T*Cer;)_e;(lj(:*ce:_)l[(l_F(SO)]E — rreen

1+¢2)

e—1(ci+cy)e 1

As seen in equation (36), the value of LOP is increasing with respect to e in both the decentralized
and centralized modes. Also, the price elasticity e has a high impact on the value of LOP. Hence, the
amounts of LOP are drawn for the decentralized and centralized modes under different price
elasticity e (see figure5)

Decentralized mode Centralized mode

1

& 0.9

~ 08 I
0.7 P

06 /

05
0.4 /
i /]  _—
0.1 [/
O /! T T T T T T 1

1 1.5 2 2.5 3 3.5 4 4.5 5

Price elasticity e
Fig 5. The impact of different price elasticity » on LOP in both the decentralized and centralized modes

The price changes have a greater impact on the decentralized mode compared to the centralized
mode. Therefore, in the case of market demand that is more sensitive to the price; the amount of LOP
in the decentralized mode will be greater than the centralized mode.Since the optimal preservation-
technology investment p is strongly dependent to price elasticity b, then the impact of different price
elasticity b on the preservation- technology investment p under centralized mode is drawn in figure 6.
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PRICE ELASTICITY
Fig 6. The impact of different price elasticity » on the preservation- technology investment p under
decentralized and centralized mode
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The output of figure 6 shows that as the price elasticity b of demand increases, the level of
preservation-technology investment p will increase. In addition, the preservation-technology
investment p will grow exponentially with price elasticity b greater than 3.

6-Conclusions

This paper is the first study aimed at providing application of preservation-technology investment
in the fresh-product coordination model. We propose a framework to optimize the fresh-product
transactions in the decentralized and centralized modes under multiplicative uncertain demand. The
proposed framework helps the supply chain members to obtain the supplier's wholesale price and
preservation-technology investment and also buyer's order quantity and retail price in two modes.
Also, for the first time, the different approaches are used in the problem-solving process to extract the
decision variables in each mode.
To verify the proposed model in practice, a data of market in Mazandaran province in Iran has utilized
to illustrate the effects of different scenarios on the specified fresh-product channel. The results
suggest the following results:

e The whole channel's profit in the centralized mode is higher than that in the decentralized
mode while the preservation-technology investment in the centralized mode is equal to the
decentralized ones.

e The buyer's order quantity in the centralized mode is higher than those in the decentralized
mode. However, the buyer's profit reduces under the centralized model compared to the
decentralized mode due to lower prices, and therefore he/she will refuse to participate in the
joint decision-making model. To resolve the channel conflict, a practical combined contract
based on the revenue and preservation investment sharing is developed to motivate the buyer
to move from locally optimal solution (decentralized mode) to the globally optimum solution
(centralized model).

e As the sharing rate k increases in the RS-PTI contract, the profit of the buyer in the
coordinated mode increases while the buyer's profit in the decentralized mode is fixed. As a
result, for eachk > 0.52, the buyer's profit in the coordinated mode is higher than one in the
decentralized mode. On the other hand, for all values of k, the supplier's profit in the
coordinated mode is better than decentralized mode. Therefore, the RS-PTI contract can
coordinate the investigated supply chain members under wide range of sharing rate k
(1e.,052 <k <1).

e The Lost-of-Profit in the decentralized mode will be greater than the centralized mode.

e As the price elasticity e of demand increases, the level of preservation-technology investment
will increase. In addition, the preservation- technology investment will grow exponentially
for eache > 3.Therefore, investing in the preservative technologies is not cost-effective for
the high elastic products. As a result, it's better to outsource the preservation of such
products.

It is noteworthy that the proposed model is applicable to the whole perishable products with minor
modifications. Consideration of the multiple buyers and competition among them is an important
extension. Also entering the role of third-party logistics provider can be a future direction.
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Appendix A.

Proof of Proposition 4. By setting the first-order derivative of equation (14) at the point t equal to
zero, we can obtain the optimal preservation-technology investmentz **¢¢ Note that the second-order
derivative of equation (14) with respect to 7 is negative, which implies that it is a concave function.
This is shown in the following procedure:

oE [TPSdeC (W *dec T
ot

*dec)] (Al)

[ ( -1 —F(s ( 0)
YSo (c +cy)
+ A (0g@)°> ]
azE[TPSdeC(W*deC,T q*dec)] (AZ)
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)T 1(
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Based on the assumption that a distribution has an increasing failure rate if, f'(p) = /; ((TT)) ,9'(s) =
_g’@

(e-1) 1- F( )\e
D , therefore, for eacha >0,e > 1, (¢; +¢;) > 0, we have [yso((ce+c ))e ¢ % )¢ ] >0

and [(e—2)(e—1)g" (1) %A(x) + 2" (1) g(1)¢7?] < 0, then the function
azE[TPSdec(W*deC, T q*dec)]

12

is negative. This proves concavity state.
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