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a b s t r a c t 

A conventional wisdom in industry and academia is that firms suffer from decentralized procurement. In

this paper, we demonstrate an important and counter-intuitive benefit of procurement decentralization

in a common setting where a firm with multiple divisions procures a durable good from a supplier. We

start with a two-period model and obtain analytic equilibrium results on the supplier’s wholesale prices,

and the firm’s procurement quantities and profits under procurement centralization and decentralization.

These results show that the firm’s profit will benefit from decentralization if and only if the product is

durable. We further show that the profit improvement always increases in durability and the number

of divisions. To generalize the basic model with two periods, we design an iterative algorithm to com- 

pute the equilibrium results for any number of periods. Our extensive numerical simulations show the

robustness of our analytic results and managerial insights.

© 2017 Elsevier Ltd. All rights reserved.
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. Introduction

According to a latest KPMG survey, procurement amounts to

0% −80% of the total cost for most firms, and it continues to be

 critical function in firms’ strategic management [28] . In partic-

lar, the firms are oftentimes faced with the strategic choice be-

ween centralization versus decentralization for the procurement

unction. With procurement centralization, a firm’s central plan-

er (e.g., the headquarters) makes procurement decisions to max-

mize the performance of the whole firm. In decentralization, the

rm’s divisions (or subsidiaries) are allowed to make their procure-

ent decisions to maximize their own interests. Although more

nd more firms have given priority to centralized procurement in

ecent years, a KPMG/Economist Intelligence Unit survey [29] sug-

ested that nearly half of the firms still adopted decentralized pro-

urement. 

Conventional wisdom indicates that centralized procurement is

ore efficient due to its ability to establish a unified front and en-

ance firm’s bargaining power with suppliers. In this paper, we

rove a novel view that when procuring durable goods, a firm

an actually improve profitability through decentralization. To be

ore specific, a horizontally decentralized firm where each of its
� This manuscript was processed by Associate Editor Fuqiang Zhang.
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ivisions seeks to maximize its own profit can help mitigate the

lassic time-inconsistency problem in durable goods procurement

15] . This time-inconsistency problem arises from a durable goods

eller’s incentive for lowering price and selling additional units af-

er the initial quantities have been sold. Such a drop in price will

educe consumers’ hold-up value. In other words, the value of the

roduct purchased by early consumers will decrease over time.

hus, consumers’ willingness to pay for durable goods is affected

dversely because of the seller’s inherent incentive to lower prices

n the future. The time-inconsistency problem is first recognized

y Coase [15] , and later formalized by Bulow [13] , where they con-

ectured that a monopolist’s changing pricing incentives over time

ould force it to lower prices and finally lose the monopoly power.

urprisingly, this research shows that this time-inconsistency prob-

em can be addressed when a firm with multiple horizontal divi-

ions engages in decentralized procurement. 

To elaborate, we consider a supply chain consisting of an up-

tream supplier (she) and a downstream firm (he) and examine

he firm’s strategic choice between centralized and decentralized

rocurement. The firm procures durable goods as inputs from the

upplier and then sells them as outputs. Our question is what will

appen if it’s the firm’s individual divisions rather than its central

lanner (e.g., the headquarters) that make the procurement deci-

ions. The conventional concern is that decentralized procurement

esults in discord behavior, which is harmful to achieve economies

f scale. However, this usual argument ignores that durable goods
decentralization in durable good procurement, Omega (2017), 
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come with the time-inconsistency problem, which may lead to

over procurement for the firm or the divisions. As a result, certain

internal decentralization can be useful and play an important role

in alleviating this problem. 

In particular, we demonstrate that decentralization leads to

more sales quantities in early periods and less in later periods,

which in turn will lead to lower wholesale prices in each period. To

convince one that the benefit of decentralized procurement is not

committing to excessively restricting sales quantities (thus keeping

prices high), we also demonstrate that moderate sales quantities in

each period can be beneficial to solve the time-inconsistency prob-

lem in durable goods procurement. Interestingly, such moderation

is exactly what decentralized procurement can bring about natu-

rally. 

It is worthwhile noting that our research focus on the procure-

ment of durable goods is of practical importance. This is because

durable goods, often large-ticket items such as automobiles, elec-

tronics and appliances, are important to our everyday lives and na-

tional economies. For example, in the U.S., expenditure on durables

accounted for 7.3% of the national GDP in the first quarter of 2016

and procurement orders for durable goods rose 3.4% in April 2016

[27] . Furthermore, the growing middle classes in countries such as

China and India have shown continuously growing willingness to

buy them [19] . 

Many durable-goods firms have faced the strategic choice be-

tween centralized and decentralized decision making. For exam-

ple, as one of the world’s leading automobile manufacturers, Toy-

ota had a strong centralized strategy in the past that was more like

a spoke-and-wheel structure. The top headquarters in Japan made

all the major decisions. Individual divisions could not communicate

with each other but had to go through the headquarters. However,

this organizational structure was widely criticized for the slow re-

sponse to safety issues and consequent product recalls that started

in 2009. As a result, Toyota has undertaken significant changes

since 2013. In the current less centralized organizational structure,

the company has increased the decision-making power of regional

and divisional heads [24] . Another case is Harley-Davidson Inc.,

the fifth biggest motorcycle manufacturer in the world. Harley-

Davidson’s global expansion has been relatively slow, and most of

the revenues are still generated in the United States. To address

different markets and achieve global expansion better, the com-

pany has recently begun to decentralize by promoting higher au-

tonomy to regional or local operations [41] . Finally, durable-good

firms with decentralized divisional decision-making also include

Ford Motor Company [36] and Home Depot [23] . Note that these

big firms commonly have independent divisions serving different

countries or regions, which will be a feature in our models in this

paper. 

Our research makes the following major contributions in this

paper. First, unlike most exiting research on vertical structure of

a supply chain, this research focuses on the horizontal central-

ization or decentralization of a firm with multiple divisions and

such firms, like Toyota and Harley-Davidson mentioned above,

are widespread in business practice. Second, unlike most extant

research showing the benefit of procurement centralization, our

research proves the counter-intuitive benefit of decentralization

when a firm with multiple divisions procures a durable good from

a supplier. Third, in a two-period model, our results analytically

show that the firm can benefit from decentralization when procur-

ing durable goods. Furthermore, the benefit is greater when the

good involved in more durable. Fourth, we design an iterative algo-

rithm and numerically show the robustness of our analytic results

in a multi-period setting. 

The rest of the paper is organized as follows. In Section 2 , the

most related literature is reviewed. In Section 3 , we develop a basic

two-period model for durable goods procurement under centraliza-
Please cite this article as: J. Li, V. Shi, The benefit of horizontal 
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ion and decentralization. In Section 4 , we examine the equilibrium

esults under centralization and decentralization using backward

nduction. By comparing decentralization with centralization and

ome other alternatives, we demonstrate that decentralized pro-

urement is better for the firm. In Section 5 , we extend our basic

odel to multiple periods where we design an iterative numerical

lgorithm to calculate the equilibrium results. We show that the

ain managerial insights from the two-period model are robust in

he multi-period model. Finally in Section 6 , our results and their

mplications for future research are discussed. 

. Literature review 

Our study relates to the strategic choice of procurement cen-

ralization and decentralization in the literature. A large body of

iterature has demonstrated some potential reasons in favor of cen-

ralization, such as permitting diversification of stockout risks [20] ,

ortifying bargaining power, obtaining quantity discounts [34] , im-

roving the efficiency of resource allocation [22] and reducing in-

ernal resource waste [2] . In line with this case, there is also a

tream of work in the literature that studies how to reach central-

zed outcomes if decentralization is a given reality [1,3,8] . 

The literature has also investigated potential benefits of decen-

ralization. Vagstad [39] shows that decentralization can help ex-

loit localized private information. Snyder et al. [37] and Schmitt

t al. [35] posit that decentralizaiton of inventories can permit di-

ersification of supply risks and control the overall risks caused

y supply disruptions. Gupta et al. [26] show that decentraliza-

ion of organizational structure has positive complementary to the

mplementation of advanced manufacturing technology. Arya et al.

4] model procurement and strategic inventory management for a

rm serving mutiple markets and demonstate that decentralized

rocurement can help moderate inventory levels. Liu et al. [32] in-

estigate the effects of negotiated and administered transfer pric-

ng on profits of each center and the firm. They suggest the decen-

ralized departments and the firm can benefit from the coordina-

ion by a committed dynamic transfer price. Meijboom and Obel

33] aslo show that centralization is a good choice for IT-based

rms and a more decentralization organization is better when us-

ng transfer prices as the coordination device. 

Additionally, vertical decentralization in a supply chain has also

een demonstrated to be helpful. Belavina and Girotra [6] bulid a

ontinuing trade model and show that the benefit of decentral-

zation can be realized by coordinating inteactions and reducing

pportunistic behavior. Belavina and Girotra [7] find that channel

onflict can be mitigated by introducing an intermediary if buyers

nd suppliers are matched well based on pooling buyers’ demands.

ang [40] considers strategic customers and finds that a decentral-

zed channel can reap higher profit than that of a centralized chan-

el. This is because of the driving factors of discounting and com-

etition in addition to the double marginalization effect. Su and

hang [38] analyze the impact of strategic customer behavior on

upply chain performance. They show that disparate interests in a

upply chain with a wholesale price contract can actually improve

verall supply chain performance. 

In contrast to these studies, our examination of centralization

ersus decentralization focuses on durable goods procurement. The

iterature has largely ignored the issue of how product durabil-

ty impacts the choice of centralization versus decentralization.

e seek to fill this gap by considering durable goods procure-

ent. Durable good procurement exposes a firm to the time-

nconsistency problem. As previously mentioned, this issue is first

ormulated by Coase [15] , who shows that monopolists have the

emptation to lower price and end up losing the monopoly power,

ecause consumers will anticipate this tendency and wait for price

eduction. Bulow [13] proposes an important insight that a durable
decentralization in durable good procurement, Omega (2017), 
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ood manufacturer can solve this problem by leasing rather than

elling. Other studies also find that some level of leasing is optimal

epending on several factors, such as competition in the durables

arket, potential entrants, interactions with strategic intermedi-

ry, depreciation of durable products, the presence of complemen-

ary products and exporting used products to an international sec-

ndary market [9,10,12,17,18,30] . Li and Xu [31] show that trade-

n and/or leasing can be adopted to shorten consumers’ upgrade

ycle and gain control over secondary markets. The preference be-

ween trade-in and leasing is determined by the interplay between

roduct reuse profitability and new product price. Once leasing

urable products is impossible, several papers address the time-

nconsistency problem by choosing to provide money-back guaran-

ees, reduce the production capabilities, and commit to shut down

roduction after an initial one-time sale under a lock-in strategy

14,25] . In addition, some studies find that a firm can consider

ontingent services or consumables as the primary source of prof-

tability, and examine the compatibility of durable goods with con-

ingent generic consumables [21,25] . 

Several extant studies closely related to this paper explore the

nteractions between channel structure and durable goods time-

nconsistency problem. Desai et al. [16] recognize that introducing

n intermediary within the distribution channel can benefit the

anufacturer by making public commitment to future wholesale

rices with the intermediary. Arya and Mittendorf [5] show that

ertical disintegration can keep price high and improve channel

erformance even when there is no pre-commitment to wholesale

rices. Bhaskaran and Gilbert [11] find that decentralized channel

an strengthen the manufacturer’s willingness to invest in dura-

ility if she changes the operation mode from leasing to selling.

ll these studies compare centralization and decentralization in

 vertical distribution channel for durable goods and seek to im-

rove manufacturer’s or channel’s performance. Our paper is dif-

erent in that we examine the choice of centralization versus de-

entralization in a setting where a firm may be decentralized with

ultiple horizontal divisions. In contrast to prior work on durable

oods, our contribution lies in explicitly recognizing that the time-

nconsistency problem of durable good procurement can be allevi-

ted effectively by horizontal decentralization in a natural way. 

. Model 

In our basic model, a firm (he) procures durable goods from

 supplier (she) and, in turn, sells to customers. The firm owns

 ( n ≥ 2) intendent divisions (or subsidiaries) each serving a distinct

arket. This is realistic when each division serves a different geo-

raphical region and/or offer a distinct product. For example, Toy-

ta Motor Corporation has two horizontally independent divisions:

oyota Canada and Toyota Motor North America, which serves the

.S. market. To sharpen our focus on product durability, we fur-

her assume those divisions serve identical markets. Note that such

n assumption is not uncommon in stylized models (e.g., [4] ). Of

ourse, future research can be done by assuming competing divi-

ions with different market demands. 

The firm has a strategic choice: centralized procurement where

he firm’s headquarters makes procurement quantity decisions, or

ecentralized procurement where each division makes its own pro-

urement quantity decisions. As our focus is on durable goods,

ultiple periods need to be modelled. For simplicity, t = 2 peri-

ds are assumed in our basic model, as commonly done in the

iterature (e.g., [4,16] ). In each of t periods, the supplier first sets

 uniform per-unit wholesale price w t . Note that this assumption

f uniform pricing can be quite realistic because of the Robinson–

atman Act in the U.S., which prohibits a supplier from charging

ifferent prices for the same product to different customers. Then

he firm or its divisions decide how many units to procure at that
Please cite this article as: J. Li, V. Shi, The benefit of horizontal 
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rice. Similar to the Desai et al. [16] setup, we assume the durabil-

ty of the product from one period to the next is δ(0 ≤ δ ≤ 1), which

eflects the extent of product deterioration due to usage. That is, a

nit durable product sold in period t deteriorates and becomes the

quivalent of δ unit in period t + 1 after one period usage. In par-

icular, if δ = 1 , the product is perfectly durable and there is no

ifference between new units and used units. If δ = 0 , the product

as no durability and new products completely exit the market af-

er one period. Needless to say, the greater the value of product

urability, the more substitution of used goods for new goods. 

As in most stylized models of durable goods [5,16] , the con-

umption demand for the durable goods in market i (i = 1 , · · · , n )

n period t = 1 , 2 is: r i 
1 

= a − q i 
1 
, r i 

2 
= a − (δq i 

1 
+ q i 

2 
) , where r i t is the

aluation of durable goods paid by consumers, q i t is the sales quan-

ity in the retail market, and a is a positive constant intercept pa-

ameter. Note that q i 
1 

is the units of new products in period 1, and

q i 
1 

+ q i 
2 

is the equivalent units of new products in period 2 be-

ause of the deterioration of the q i 
1 

units from period 1. The selling

rice of the new durable goods produced in any period t , p i t , should

eflect the service benefits provided both in present and future pe-

iods. Therefore, under the two-period model, p i 
1 

= r i 
1 

+ r i 
2 
, p i 

2 
= r i 

2 
.

or simplicity, we also normalize the supplier’s production costs,

he firm’s conversion costs, the supplier’s and the firm’s discount

ates to zero. Prices and quantities can be defined similarly when

xtended to more periods. 

In each period, the supplier and the firm or its divisions make

ricing and/or procurement decisions to maximize profit. Our fo-

us is whether the firm, with a central planner like the headquar-

ers, should make procurement decisions centrally for all n markets

r decentralize and leave these decisions to each division manager

ho seek his/her own optimal profit. As usual, we use backward

nduction throughout this paper to derive subgame-perfect equi-

ibrium outcomes for both cases of centralization and decentral-

zation. 

. Analysis and results 

To consider how centralization or decentralization can influ-

nce the pricing and procurement decisions of durable goods, we

egin with a product with zero durability. As a result, a one-

eriod model is sufficient. Under centralized procurement, sales

uantities, q i , i = 1 , · · · , n , are chosen by a firm to maximize its

rofit: max q i ,i =1 , ··· ,n 
∑ n 

i =1 [(a − q i ) q i − w q i ] . For a given w from the

upplier, the equilibrium quantities are 
� 

q 
i 
(w ) = (a − w ) / 2 , where

� ” denotes the outcomes of centralized procurement. Working

ackwards, the supplier sets its wholesale price w to solve max w 

 n 
i =1 w 

� 

q 
i 
(w ) . The first-order condition of this problem yields the

quilibrium, 
� 

w = a/ 2 . We next examine the outcome under decen-

ralized procurement. Using backward induction again, each divi-

ion i chooses output market quantities to focus only on its own

rofit: max q i ,i =1 , ··· ,n [(a − q i ) q i − w q i ] . This yields the sales quan-

ities, 
� 

q 
i 
(w ) = (a − w ) / 2 , where “� ” denotes the decentralization

utcome. It is identical to that obtained in the centralized case.

hus, the supplier’s wholesale price equals the one under central-

zation as well. Therefore, in a one-period setting, centralization

nd decentralization yield the equivalent outcomes just as a prod-

ct with zero durability. 

We now move to our focus on a product with durability

 < δ ≤ 1. We start with the basic setting with two periods. It’s wor-

hy to note that in this two-period setting, a product produced in

eriod 1 becomes a used product in period 2. 
decentralization in durable good procurement, Omega (2017), 
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4.1. Equilibrium 

4.1.1. Centralized procurement 

We first consider the outcomes under centralized procurement

where the firm makes all procurement decisions to maximize his

profit. As we use backward induction, we examine the decisions

and outcomes in the 2nd period in the beginning. Given q i 
1 
, i =

1 , · · · , n , and the period 2 wholesale price, w 2 , the firm chooses

period 2 sales quantity in market i , q i 
2 

to maximize his total profit:

max 
q i 

2 
,i =1 , ··· ,n 

{ 

n ∑ 

i =1 

[(
a − δq i 1 − q i 2 

)
q i 2 − w 2 q 

i 
2 

]} 

. (1)

In (1) , the first term is the retail revenue, the second term de-

notes the input market wholesale costs, and the summation re-

flects the firm’s period 2 profit compositions. Solving (1) yields pe-

riod 2 sales quantities of q i 
2 
( q i 

1 
, w 2 ) = ( a − δq i 

1 
− w 2 ) / 2 . Anticipat-

ing this response from the firm, the supplier maximizes its second-

period profit, solving 

max 
w 2 

n ∑ 

i =1 

w 2 q 
i 
2 

(
q i 1 , w 2 

)
. (2)

Plugging q i 
2 
(q i 

1 
, w 2 ) and solving the first-order condition of

(2) reveal the period 2 wholesale price, 

w 2 ( q 1 ) = 

a 

2 

−
n ∑ 

i =1 

δq i 1 
2 n 

. (3)

where q 1 is the vector of first-period retail quantities sold in each

market. Eq. (3) shows that the period 2 wholesale price is as in the

one-period setting (i.e., a /2), less an adjustment for sales quantities

used in period 1. Intuitively, the more products sold by the firm

in the first period, the less his willingness to procure units from

the supplier in the second period (since first-period durable goods

still exist in the second-period market). Lower willingness by pro-

cure then translates into a lower wholesale price. Moreover, as the

product durability δ increases, the wholesale price becomes lower.

Continuing with backward induction, the firm and the supplier

make the decisions in the 1st period taking into account the out-

comes from the 2nd period. Specifically, the firm chooses sales

quantities in period 1 to maximize his two-period total profit: 

max 
q i 

1 
,i =1 , ··· ,n 

{ 

n ∑ 

i =1 

[(
a − q i 1 + a − δq i 1 − q i 2 

(
q i 1 , w 2 ( q 1 ) 

))
q i 1 − w 1 q 

i 
1 

]

+ 

n ∑ 

i =1 

[(
a − δq i 1 − q i 2 

(
q i 1 , w 2 ( q 1 ) 

))
q i 2 

(
q i 1 , w 2 ( q 1 ) 

)

− w 2 ( q 1 ) q 
i 
2 

(
q i 1 , w 2 ( q 1 ) 

)]} 

. (4)

Solving (4) yields first-period retail sales for market i as follows.

� 

q 
i 

1 ( w 1 ) = 

(14 − δ) a − 8 w 1 

12 δ − δ2 + 16 

. (5)

Here, we use 
� 

q 1 (w 1 ) to denote the vector of 
� 

q 
i 

1 ( w 1 ) . Again, an-

ticipating this response, the supplier chooses first-period wholesale

price to maximize her total profit over the two periods, solving 

max 
w 1 

{ 

n ∑ 

i =1 

w 1 

� 

q 
i 

1 ( w 1 ) + 

n ∑ 

i =1 

w 2 ( 
� 

q 1 ( w 1 ) ) q 
i 
2 ( 

� 

q 
i 

1 ( w 1 ) , w 2 ( 
� 

q 1 ( w 1 ) ) ) 

} 

. 

(6)
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In (6) , the first term denotes the total first-period profit, and the

econd one is the ensuing total second-period profit. First-order

onditions of (6) reveal the first-period wholesale price: 

� 

 1 = 

( δ3 − 30 δ2 + 184 δ + 224) a 

32(6 δ − δ2 + 8) 
. (7)

With this equilibrium wholesale price, we can easily obtain

ther equilibrium outcomes under centralization, which will be

ummarized in the next proposition. 

.1.2. Decentralized procurement 

Under centralized procurement, the firm makes decisions to

aximize his total profit. In contrast, under decentralized pro-

urement, each division makes decisions to maximize its divisional

rofit only. Given period 2 wholesale price w 2 , division i chooses

ts second-period sales quantities, q i 
2 
, to solve 

ax 
q i 

2 

[(
a − δq i 1 − q i 2 

)
q i 2 − w 2 q 

i 
2 

]
. (8)

First-order conditions of (8) yield the second-period retail sales

n market i , q i 
2 
(q i 

1 
, w 2 ) = (a − δq i 

1 
− w 2 ) / 2 , which is identical to

hat under the centralization case. Taking this into account, the

upplier’s second-period pricing problem is also equivalent to (2) ,

hus revealing a period 2 wholesale prices of w 2 ( q 1 ) = a/ 2 −
 n 
i =1 δq i 

1 
/ (2 n ) . Given the period 2 outcomes, division i in the first

eriod chooses retail sales, q i 
1 
, to solve 

ax 
q i 

1 

{[
a − q i 1 + a − δq i 1 − q i 2 

(
q i 1 , w 2 ( q 1 ) 

)]
q i 1 − w 1 q 

i 
1 

+ 

[
a − δq i 1 − q i 2 

(
q i 1 , w 2 ( q 1 ) 

)]
q i 2 

(
q i 1 , w 2 ( q 1 ) 

)
− w 2 ( q 1 ) q 

i 
2 

(
q i 1 , w 2 ( q 1 ) 

)}
. (9)

In (9) , the first term represents division i ’s first-period profit

nd the second one denotes the division’s ensuing second-period

rofit. Solving (9) yields period 1 retail sales in market i as follows:

� 

 

i 

1 ( w 1 ) = 

[(14 − 2 δ) n + δ] a − 8 n w 1 

2(5 δ − δ2 + 8) n + 2 δ + δ2 
. (10)

The period 1 retail sales, 
� 

q 
i 

1 ( w 1 ) , in the decentralized setting is

ot only related to the period 1 wholesale price, w 1 , but also to the

umber of divisions which reflects the degree of decentralization.

sing the notation 

� 

q 1 ( w 1 ) to denote the vector of first-period re-

ail sales, 
� 

q 
i 

1 ( w 1 ) , the supplier chooses first-period wholesale price,

 1 , to maximize her profit, solving 

ax 
w 1 

{ 

n ∑ 

i =1 

w 1 

� 

q 
i 

1 ( w 1 ) + 

n ∑ 

i =1 

w 2 ( 
� 

q 1 ( w 1 ) ) q 
i 
2 ( 

� 

q 
i 

1 ( w 1 ) , w 2 ( 
� 

q 1 ( w 1 ) ) ) 

} 

. 

(11)

Maximizing (11) reveals period 1 wholesale price: 

� 

 1 = 

4( δ3 −14 δ2 + 35 δ+ 56) n 

2 + 4 δ(6 δ−δ2 + 11) n + (δ+ 2) δ2 

16 n [(10 δ−3 δ2 + 16) n + δ(δ+ 2)] 
a. 

(12)

Using this equilibrium period 1 wholesale price, we can obtain

he equilibrium outcomes for procurement decentralization. Those

esults obtained so far are summarized in the following proposi-

ion. 

roposition 1. The two-period equilibrium outcomes under central-

zed procurement and decentralized procurement for durable goods

 0 < δ ≤ 1 ) are given in Table 1 , where we have 
� 

w 1 < 

� 

w 1 , 
� 

w 2 < 

� 

w 2 ,
 

q 
i 

1 > 

� 

q 
i 

1 , 
� 

q 
i 

2 < 

� 

q 
i 

2 . 
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Table 1 

Equilibrium outcomes under centralization and decentralization. 

Centralized procurement Decentralized procurement 

w 1 

( δ3 − 30 δ2 + 184 δ + 224) a 

32(6 δ − δ2 + 8) 

[4( δ3 − 14 δ2 + 35 δ + 56) n 2 + 4 δ(6 δ − δ2 + 11) n + (δ + 2) δ2 ] a 

16 n [(10 δ − 3 δ2 + 16) n + δ(δ + 2)] 

w 2 

[10 δ − δ2 + 32] a 

8(6 δ − δ2 + 8) 

[2(3 δ − δ2 + 16) n + δ(δ + 4)] a 

4[(10 δ − 3 δ2 + 16) n + δ(δ + 2)] 

q i 1 
(14 − 3 δ) a 

4(6 δ − δ2 + 8) 

[2(7 − 2 δ) n + δ] a 

2[(10 δ − 3 δ2 + 16) n + δ(δ + 2)] 

q i 2 
[10 δ − δ2 + 32] a 

16(6 δ − δ2 + 8) 

[2(3 δ − δ2 + 16) n + δ(δ + 4)] a 

8[(10 δ − 3 δ2 + 16) n + δ(δ + 2)] 
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roof. Using equilibrium first-period wholesale price and back

ubstitution, the solution under either centralized or decentral-

zed procurement can be obtained. For 0 < δ ≤ 1, we can verify that
� 

 1 −
� 

w 1 < 0 , 
� 

w 2 −
� 

w 2 < 0 , 
� 

q 
i 

1 −
� 

q 
i 

1 > 0 and 

� 

q 
i 

2 −
� 

q 
i 

2 < 0 . �

.2. Centralization vs. Decentralization 

With the equilibrium results in hand, a strategic question is

hether centralization or decentralization is better for a firm when

rocuring durable goods (0 < δ ≤ 1). By comparing the firm’s profit

nder centralization versus decentralization, denoted by 
� 

F and 

� 

F ,

espectively, we have the following proposition. 

roposition 2. For durable goods ( 0 < δ ≤ 1 ), decentralized procure-

ent is strictly preferred to centralized procurement in a two-period

etting. In particular, let �F = 

� 

F −
� 

F be the benefit of decentralization

ver centralization, we have: (i) �F strictly increases in the number

f divisions. (ii) �F strictly increases in product durability . 

roof. Using the outcomes listed in Proposition 1 , the firm’s prof-

ts under centralized and decentralized procurement for durable

oods are as follows: 

� 

 = 

(7 δ4 − 740 δ2 + 2544 δ + 4160) n a 2 

256 (6 δ − δ2 + 8) 
2 

, (13) 

� 

 = 

a 2 

64 [ ( 10 δ − 3 δ2 + 16 ) n + δ( δ + 2 ) ] 
2 

× [4( 9 δ4 − 26 δ3 − 227 δ2 + 488 δ + 1040 ) n 

3 + 4 δ( −11 δ3 + 29 δ2

+ 50 δ + 148) n 

2 + δ2 ( 17 δ2 − 8 δ − 32 ) n − 2 δ3 ( δ + 2 )] . (14)

From (13) and (14) , given 0 < δ ≤ 1, it is easy to verify that

�F / dn | n =2 > 0 and d 2 �F / dn 2 > 0. This proves d �F / dn > 0. In ad-

ition, note that �F | n =1 = 0 , it follows that given 0 < δ ≤ 1, �F > 0

nd �F strictly increases in n , for n ≥ 2. 

Similarly, given n ≥ 2, we note that d�F / dδ| δ=0 > 0 and

 

2 �F / d δ2 > 0. Hence, d �F / d δ > 0, and notice �F | δ=0 = 0 . This

roves that given n ≥ 2, �F > 0 and �F strictly increases in δ, for

 < δ ≤ 1. �

Surprisingly, our results show that decentralized procurement

chieves higher profit. This is contrary to the conventional view

hat uncoordinated procurement should be avoided. The reasons

re as follows. 

First, an essential driving force is that the supplier can set a

niform wholesale price for a firm or its all divisions in each pe-

iod, which makes the decentralized procurement better off. As

hown in Proposition 3 ( i ) and ( ii ) , if the supplier sets the whole-

ale price for each division rather than a uniform wholesale price

or all divisions, or the wholesale prices for both periods are fixed

e.g. w 1 = w 2 , or exogenously given), the decentralized and central-

zed procurements will be identical. Note that uniform wholesale

ricing is quite practical as price discrimination is prohibited by

aws like the Robinson–Patman Act in the U.S. 
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Second, from the supplier’s period 2 wholesale prices of

 2 ( q 1 ) = a/ 2 − ∑ n 
i =1 δq i 

1 
/ (2 n ) under decentralization, it means

hat the period 2 wholesale price decreases in the total order

uantities of n divisions in the first period. Thus, the n divisions

n the first period are involved in a game under decentraliza-

ion which makes more profitable quantity and wholesale price

ecisions than the centralization. To be more specific, it can be

een from Proposition 1 that the usual under-procurement prob-

em still exists for the durable goods. For goods with durability δ,

oth centralization and decentralization could suffer from under-

rocurement in period 1 and benefit from committing to less pro-

urement in period 2, i.e., 
� 

q 
i 

1 > 

� 

q 
i 

2 , 
� 

q 
i 

1 > 

� 

q 
i 

2 . Thus, the reason de-

entralized procurement is preferred is that decentralization alters

he supplier’s first-period pricing, and makes a better balance be-

ween the cost of under-procurement in period 1 and the com-

itment benefit gained in period 2. In fact, under centralized pro-

urement, the firm tends to under-procure in period 1 and over-

rocure in period 2. In contrast to centralization, decentralization

llows a firm to procure more durable goods ( 
� 

q 
i 

1 > 

� 

q 
i 

1 ) in period

 and less ( 
� 

q 
i 

2 < 

� 

q 
i 

2 ) in period 2, and to enjoy lower wholesale

rices ( 
� 

w 1 < 

� 

w 1 , 
� 

w 2 < 

� 

w 2 ) in both periods. The above analysis sug-

ests that the benefits of employing decentralization for a firm can

utweigh the costs. 

From Proposition 2 ( i ) , we can see that for a given durable

roduct, the firm can benefit from decentralized procurement.

urthermore, firm’s profit improvement from decentralization in-

reases as the number of divisions increases. This shows that the

ore divisional disjoint behavior, the greater the firm can ben-

fit from decentralized procurement. From Proposition 2 ( ii ) , we

an also see that the upside of decentralized procurement is more

rominent as the product durability δ increases. 

.3. Pre-commitment and Full Decentralization Strategies vs. 

ecentralization 

To explore the driving forces that make the decentralization

etter, we shall study the effects of some changes in the basic as-

umptions under decentralization on main results and discuss the

ossible trade-off of centralization and decentralization. Decentral-

zation is compared with two typical strategies: pre-commitment

o wholesale prices by the supplier, where the wholesale prices are

xed in both periods, and full decentralization, where the supplier

ets the different wholesale price for each division and allows each

ivision to choose its own sales quantities separately. 

Pre-commitment to keep a constant wholesale price by the sup-

lier is a common policy in practice to control sales quantities.

imilar pricing strategy is also mentioned in Arya et al. [4] to

ustify the strategic inventory. Previous studies (e.g., [5,16] ) em-

hasize that solving the time-inconsistency problem of durable

oods is to curb the product from flooding the market. Even so,

he merit of decentralized procurement is not simply to reduce

he sales quantities of durable goods in the market. When we
decentralization in durable good procurement, Omega (2017), 
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Step 2. Iterative steps from t = T − 1 to 1. 
prefer decentralized procurement, a better and more important

reason is that decentralization can potentially induce the right

sales (in terms of both quantities and prices) in accordance with

the nature of durable goods. This can be clearly seen by comparing

the outcome under decentralization to the wholesale prices pre-

commitment policy. 

On the other hand, even though we prefer to decentralized pro-

curement for durable goods where each division decides its own

sales quantities, this does not mean we expect a full decentral-

ization, where each division chooses its own sales quantities and

make pricing negotiation with supplier separately. With full de-

centralization, the discord behavior disappears and each division’s

chosen sales quantities just benefits its own wholesale price. In

this way, full decentralization is equivalent to centralization in

essence, and they have the same solutions. These arguments are

formally summarized in the following proposition. 

Proposition 3. For a firm with multiple divisions in a two-period set-

ting, its durable goods procurement under decentralization is preferred

to ( i ) pre-commitment to wholesale prices by the supplier if and only

if (9 − √ 

41 ) / 5 ≤ δ ≤ 1 , ( ii ) full decentralized procurement . 

Proof. For part ( i ) , when the supplier makes a commitment to
wholesale prices, the first-period wholesale price equals to the
second-period one, i.e., w 1 = w 2 , which means the sales quantities
no longer impact w 2 . Returning to the backward induction steps
employed in the proof of Proposition 1 under centralized and de-
centralized procurements, the differences are that the wholesale
price in the two periods is fixed and the second-period whole-
sale price can’t be chosen by the supplier. We find that the equi-
libriums under both centralized and decentralized procurements
are the same. The firm’s profit when the supplier pre-commits to
wholesale prices is: 

F w = 

⎧ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎩ 

(−8 δ5 +35 δ4 +230 δ3 −1240 δ2 +440 δ+2768) n a 2 

16 [(6 −δ)(2 δ−δ2 + 4)] 
2 

, 0 < δ< 

9 −√ 

41 

5 

n a 2 

4(1 + δ) 
, 

9 − √ 

41 

5 
≤ δ ≤ 1 

(15)

Here, when (9 −
√ 

41 ) / 5 ≤ δ ≤ 1 , q i 
2 

= 0 , which means the firm

has to choose to provide units in period 1 and zero in period

2. Hence, from (14) and (15) , we find that 
� 

F − F w 

| δ=0 < 0 and

d[ 
� 

F − F w 

] / dδ < 0 , for 0 < δ < (9 −
√ 

41 ) / 5 ; 
� 

F − F w 

| δ= (9 −√ 

41 ) / 5 > 0

and d [ 
� 

F − F w 

] / d δ > 0 , for (9 −
√ 

41 ) / 5 ≤ δ ≤ 1 . This proves that 
� 

F −
F w 

> 0 if and only if (9 −
√ 

41 ) / 5 ≤ δ ≤ 1 . 

As for part ( ii ) , under full decentralized procurement, each di-

vision negotiates pricing with the supplier and obtains different

wholesale prices, thus solving (1) (2) and (4) (6) at fixing n = 1

yields the solution. In other words, the outcome is the same to

the one under centralized procurement in Proposition 1 . From

Proposition 2 , part ( ii ) holds as well. �

From the proof of Proposition 3 ( i ), when (9 −
√ 

41 ) / 5 ≤ δ ≤ 1 ,

q i 
2 

= 0 . This special case corresponds to an intial one-time supply

strategy which is introduced by Gilbert and Jonnalagedda [25] to

mitigate cosumer’s hold-up problem where the manufacturer com-

mits to shutting down production of her durable goods after an

initial one-time sale. In such case, solving the first-order condi-

tion of (4) and (6) under centralization or (9) and (11) under de-

centralization with the added constraint that q i 
2 

= 0 yields iden-

tical profit for the firm, F I = n a 2 / [4(1 + δ)] . Again, we verify that
� 

F − F I | δ=0 > 0 and d[ 
� 

F − F I ] / dδ > 0 . Thus, we have 
� 

F − F I > 0 . This

indicates that decentralized procurement is also preferred to ini-

tial one-time supply strategy by the supplier. 

We can see that if preventing durable goods from flowing to the

market is the only concern, decentralization is not as good as pre-

commitment to wholesale prices or initial one-time supply strat-
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gy. As it turns out, decentralized procurement is still preferred to

hese alternatives, because of its ability to maintain moderate sales

uantities in each period. 

Proposition 3 also indicates the conditions for decentralized

rocurement to outperform centralized procurement. First of all,

he supplier should have the right to make the wholesale price

ecision for profit maximization. Otherwise, if the supplier pre-

ommits on a constant wholesale price for both periods, central-

zation and decentralization will have no difference as shown in

roposition 3 ( i ). Secondly, under decentralization, the supplier

hould set a uniform wholesale price for all divisions and allow

ach division to choose their own quantity independently. How-

ver, if the supplier can set a different wholesale price for each

ivision and the divisions choose their quantities, then this means

 move toward full decentralization. As such, decentralization will

ield the same outcomes as under centralization as indicated in

roposition 3 ( ii ) . 

As confirmed above, decentralized procurement for durable

oods is indeed better in a two-period setting. Based on these re-

ults, the intuition suggests that procurement decentralization is

lso better than centralization in three or more periods. One may

ven guess that benefits of decentralized procurement increase

hen the firm’s decision horizon is longer. We next analyze the

etting of three or more periods using numerical simulations. 

. Numerical simulations for multiple periods 

.1. Iterative procedure 

Our goal here is to compare procurement centralization and de-

entralization of the firm taking into account any number of peri-

ds. To this end, one approach is to extend the backward induc-

ion processes to multiple periods. Specifically, an iterative pro-

edure is designed to solve the general T period problem, T ≥ 2.

n the last period T , the selling price p i 
T 

of durable good just

eflects the consumer’s valuation as a new product. As for any

 = T − 1 , T − 2 , · · · , 1 period, the selling price p i t of durable good

eflects not only present valuation as a new good but also future

enefits as a used good. Thus, by working backwards in the se-

uence, we first determine the equilibrium in period T and then

hat in the t = T − 1 , T − 2 , · · · , 1 period. 

Under the T ≥ 2 period setting, the consumer’s valuation of

urable goods in period t = 1 , 2 , · · · , T for division i is r i t =
 − δt−1 q i 

1 
− δt−2 q i 

2 
− · · · − q i t = a − ∑ t 

k =1 δ
t−k q i 

k 
. Hence, the selling

rice of durable goods in period t for division i is p i t = r i t + r i 
t+1 

+
 

i 
t+2 

+ · · · + r i 
T 

= 

∑ T 
j= t r 

i 
j 
= ( T − t + 1 ) a − ∑ T 

j= t 
∑ j 

k =1 
δ j−k q i 

k 
. The fol-

owing notations are also defined: division i ’s profit is D 

i 
t ; the sup-

lier’s profit is S t and the firm’s profit is F t = nD 

i 
t . 

.1.1. Iterative procedure for centralized procurement 

tep 1. Equilibrium game in Period T. 

tep 1.1: Solving max 
q i 

T 
,i =1 , ··· ,n F T = 

∑ n 
i =1 (p i 

T 
− w T ) q 

i 
T 

reveals pe-

riod T sales quantities of q i 
T 
( q T −1 , w T ) , where q T −1 is

the vector of retail quantities in period 1 , 2 , · · · , T − 1 for

each market. 

tep 1.2: Using q i 
T 
( q T −1 , w T ) and solving max w T 

S T =∑ n 
i =1 w T q 

i 
T 
( q T −1 , w T ) yields the supplier’s period T

wholesale price, w T = w T ( q T −1 ) . 

tep 1.3: Plugging w T ( q T −1 ) and back substituting, the firm’s and

supplier’s profit functions become F T ( q T −1 ) , S T ( q T −1 ) . 
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Table 2 

Centralized procurement vs. decentralized procurement. 

Centralized procurement Decentralized procurement 

T δ
� 

q 
i 

1 (×a ) 
� 

q 
i 

L (×a ) 
� 

w 1 (×a ) 
� 

w L (×a ) 
� 

F (×a 2 ) 
� 

q 
i 

1 (×a ) 
� 

q 
i 

L (×a ) 
� 

w 1 (×a ) 
� 

w L (×a ) 
� 

F (×a 2 ) 

3 0.1 0.5229 0.2388 1.1630 0.4776 3.2096 0.5230 0.2387 1.1601 0.4775 3.2255 

0.5 0.3331 0.1959 1.2115 0.3918 2.1135 0.3366 0.1952 1.1668 0.3903 2.2306 

0.9 0.2085 0.1658 1.261 0.3316 1.4159 0.2137 0.1641 1.1376 0.3281 1.6095 

5 0.1 0.6883 0.2386 1.5297 0.4772 8.9069 0.6880 0.2386 1.5289 0.4771 8.9183 

0.5 0.4064 0.1820 1.6236 0.3640 5.3528 0.4069 0.1813 1.5803 0.3626 5.6065 

0.9 0.1907 0.1241 1.8469 0.2482 2.6411 0.1916 0.1224 1.5413 0.2448 3.2577 

7 0.1 0.7810 0.2386 1.7355 0.4772 16.6359 0.7808 0.2386 1.7350 0.4771 16.6429 

0.5 0.4534 0.1783 1.8283 0.3565 9.8606 0.4526 0.1776 1.8029 0.3552 10.1874 

0.9 0.1809 0.0999 2.3072 0.1999 4.0073 0.1773 0.0988 1.8349 0.1977 5.2323 

Ave. – 0.4184 0.1847 1.6119 0.3693 6.0160 0.4189 0.1839 1.4986 0.3678 6.3234 
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h  
tep 2.1: Given the period t + 1 outcome, solving max 
q i t ,i =1 , ··· ,n F t =∑ n 

i =1 (p i t − w t ) q 
i 
t + F t+1 ( q t ) reveals period t sales quanti-

ties of q i t ( q t −1 , w t ) . 

tep 2.2: Plugging q i t ( q t −1 , w t ) in the supplier’s profit func-

tion and solving max w t S t = 

∑ n 
i =1 w t q 

i 
t ( q t −1 , w t ) + 

S t+1 ( q t −1 , q 
i 
t ( q t −1 , w t )) yields the supplier’s period t

wholesale price, w t = w t ( q t −1 ) . 

tep 2.3: Using w t ( q t −1 ) and back substituting, the firm’s and sup-

plier’s profit functions become F t ( q t −1 ) , S t ( q t −1 ) . 

tep 3. Output the results . Working backward to period 1, the sup-

plier’s first-period wholesale price 
� 

w 1 is obtained. Us-

ing this equilibrium wholesale price and back substitut-

ing yields the equilibrium outcomes under centralized pro-

curement. 

.1.2. Iterative procedure for decentralized procurement 

tep 1. Equilibrium game in Period T: 

tep 1.1: Solving max 
q i 

T 
D 

i 
T 

= (p i 
T 

− w T ) q 
i 
T 

reveals period T sales

quantities of q i 
T 
( q T −1 , w T ) . 

tep 1.2: Using q i 
T 
( q T −1 , w T ) and solving max w T 

S T =∑ n 
i =1 w T q 

i 
T 
( q T −1 , w T ) yields the supplier’s period T 

wholesale price, w T = w T ( q T −1 ) . 

tep 1.3: Plugging w T ( q T −1 ) and back substituting, division i ’s and

supplier’s profit functions become D 

i 
T 
( q T −1 ) , S T ( q T −1 ) . 

tep 2. Iterative steps from t = T − 1 to 1 

tep 2.1: Given the period t + 1 outcome, solving max 
q i t 

D 

i 
t = (p i t −

w t ) q 
i 
t + D 

i 
t+1 

( q t ) reveals period t sales quantities of

q i t ( q t −1 , w t ) . 

tep 2.2: Plugging q i t ( q t −1 , w t ) in the supplier’s profit func-

tion and solving max w t S t = 

∑ n 
i =1 w t q 

i 
t ( q t −1 , w t ) + 

S t+1 ( q t −1 , q 
i 
t ( q t −1 , w t )) yields the supplier’s t period

wholesale price, w t = w t ( q t −1 ) . 

tep 2.3: Using w t ( q t −1 ) and back substituting, division i ’s and

supplier’s profit functions become D 

i 
t ( q t −1 ) , S t ( q t −1 ) . 

tep 3. Output the results . Working backward to period 1, the sup-

plier’s first-period wholesale price 
� 

w 1 is obtained. Us-

ing this equilibrium wholesale price and back substituting

yields the equilibrium outcomes under decentralized pro-

curement. 

.2. Numerical results 

The iterative procedure is coded in Matlab 2015 to conduct nu-

erical simulations. A series of numerical examples are designed

elow to illustrate the analytical results in Sections 4.2 and 4.3 and

btain more managerial insights. 
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.2.1. Comparison of centralization versus decentralization 

In this subsection, the results of numerical simulations are pre-

ented to compare the centralized procurement and decentralized

rocurement and check the robustness of Proposition 2 for settings

f any number of periods. We choose δ = 0.1, 0.5 and 0.9 to repre-

ent low, medium and high durability, respectively. Under this set-

ing, the instances are generated with periods of T = 3, 5 and 7.

ixing the number of firm’s divisions to be 6, i.e., n = 6 , the nu-

erical results are summarized in Table 2 , which lists first-period

ales quantities ( q i 
1 
), last-period sales quantities ( q i 

L 
), first-period

holesale price ( w 1 ), last-period wholesale price ( w L ), and firm’s

rofit ( F ). 

Table 2 indicates that in settings with three periods or more,

ompared with centralized procurement, decentralized procure- 

ent usually leads to more sales quantities in first period and less

ales quantities in last period. Simultaneously, it also brings with

holesale price reductions in all periods, achieving average reduc-

ions of up to 7.03% in first-period wholesale price and 0.41% in

ast-period wholesale price. As a result, decentralized procurement

ontributes to a substantial improvement of the firm’s profit. As a

atter of fact, an average of 5.11% profit growth can be achieved.

hese results show that as in two-period setup, decentralized pro-

urement under longer periods can still make a better tradeoff be-

ween the cost of under-procurement in earlier periods and the

ommitment benefits gained in later periods. 

Table 2 also implies that the benefit of decentralized procure-

ent will increase as the product durability increases. To elaborate,

e define the firm’s relative profit improvement of decentraliza-

ion versus centralization as �F c = ( 
� 

F −
� 

F ) / 
� 

F . Fig. 1 examines the

ffect of product durability on the firm’s profits under centralized

nd decentralized procurements. Not surprisingly, it shows that the

rm’s profit itself will decrease in product durability. However, the

rm’s relative profit improvement will increase in product durabil-

ty, especially in longer periods. For example, in the seven-period

etting, the relative profit improvement will increase significantly

rom 0.04% to 44.26% when the product durability varies from 0.1

o 1. These results in the multi-period settings serve to show the

obustness of the result in Proposition 2 ( ii ) . 

Fig. 2 shows the effect of the number of divisions on the firm’s

rofits under centralized and decentralized procurements in a set-

ing of seven periods. It indicates that as n increases, the rela-

ive profit improvement will increase, especially for higher level of

roduct durability. For example, when δ = 0 . 9 , the relative profit

mprovement ranges from about 17% (for two divisions) to about

6% (for twenty divisions). This part verifies that the results of

roposition ( i ) can be generalized to longer period settings. 

Fig. 3 exhibits the effect of decision horizon on the firm’s profit

nder centralized and decentralized procurements. Fig. 3 indicates

hat the firm’s profit will steadily increase with increasing decision

orizon. However, the relative profit improvement may decrease
decentralization in durable good procurement, Omega (2017), 
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or increase, depending on the product durability. As the decision

horizon increases, we note that in low durability level, the relative

profit improvement will drop rapidly, and the differences of cen-

tralization and decentralization become not substantial; in medium

durability level, the relative profit improvement still decrease, but

the trend becomes slow; as for high durability level, the relative

profit improvement begins to gradual increase. Responding to our

previous thinking, these results suggest that whether the benefits

of decentralized procurement will increase with the increasing de-

cision horizon is closely related to the level of product durability.

In other words, the higher is the product durability, the more the
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enefits of decentralized procurement can obtain as the decision

orizon increases. The underlying reason is that the used products

ith low-level and medium-level durability become obsolete faster

s the number of periods increases, which leads to the decrease in

he benefit of decentralized procurement. However, the used prod-

cts with high-level durability can last longer. Thus, the benefits of

ecentralized procurement can keep increasing. 

Due to the fact that centralized procurement is equivalent to

ull decentralized procurement as mentioned in Proposition 3 ( ii ) ,

he above results also verify that decentralized procurement is pre-

erred to full decentralized procurement in longer period setting.
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n the same way, as pre-commitment to wholesale prices and ini-

ial one-time supply policy in Proposition 3 are identical when the

roduct durability surpasses a threshold, we only need to compare

ecentralized procurement with initial one-time supply policy (de-

oted as IOTS) under longer periods. 

.2.2. Comparison of IOTS versus decentralization 

Similar to the previous setting, we set the number of divi-

ions to be n = 6 , and define the firm’s relative profit improve-

ent of decentralization versus IOTS as �F I = ( 
� 

F − F I ) / F I . Since the

ales quantities from period 2 to period T are zero when em-

loying initial one-time supply policy, a general T ( T ≥ 2) period

roblem reduces to solving for the period 1 procurement level.

gain, using backward induction, when the supplier carries out

he initial one-time supply policy, any T period firm’s profits un-

er both centralization and decentralization are the same, that is:

 T 2 a 2 / ( 16 
∑ T 

m =1 δ
m −1 ) . From the formulation of firm’s profit under

OTS, we can see that given division numbers n , firm’s profit will

ncrease in decision horizon T but decrease in product durability δ.

Fig. 4 displays the effect of decision horizon on firm’s profits

nder IOTS and decentralization. As decision horizon extends, the

rm’s profits under both IOTS and decentralization increase. How-

ver, the firm’s relative profit improvement has different perfor-

ance with the variation of product durability levels. When the

roduct durability is low (δ = 0 . 1) , the relative profit improve-

ent will decrease with increasing decision horizon. While the

ecision horizon reaches to the eight periods, the observed rel-

tive profit improvement begins to be negative. Similar situation

ppears in medium product durability (δ = 0 . 5) , even though the
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egative turning point is delayed to ten-period horizon. It shows

hat when the product durability is not high, decentralized pro-

urement is preferred to IOTS only in shorter decision horizons.

 potential explanation for this observation is that the profit of

ecentralized procurement increases in product durability, but the

rofit of IOTS decreases in product durability, and the used prod-

ct will become obsolete as decision horizon surpasses a thresh-

ld for low or medium durability. When the product durability

s high (δ = 0 . 9) , decentralized procurement become more signif-

cantly preferred to IOTS with longer decision horizon. Moreover,

t is interesting to find that the relative profit improvement ini-

ially increases and then decreases. The reason is that due to the

igh durability, the used products can last more periods as almost

ew ones at the beginning. But they will eventually deteriorate

t last. Once the product is perfect durable (δ = 1) , we observe

hat the relative profit improvement is significantly and positively

orrelated with decision horizon. Hence, we can summarize that

ecentralized procurement is preferred in short decision horizon

nd/or in high product durability level. It appears that the benefits

f decentralized procurement will increase as decision horizon ex-

ends only when the high durability product is considered in short

eriod settings or the product is closely perfect durable. 

. Conclusion and future research 

Industry practitioners and academic researches usually hold

he convention wisdom that centralized procurement is better for

rms. Decentralized procurement is typically viewed as underper-

orming because of disparate interests and mutual conflicts. This
decentralization in durable good procurement, Omega (2017), 
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paper proves that such convention wisdom may be false. In par-

ticular, our study demonstrates that decentralization can actually

prove to be useful when a firm with multiple horizontal divisions

procures durable goods from an external supplier. With durable

goods, there comes with time-inconsistency dilemma, which has

been extensively studied in the literature (e.g., [15,30] ). In this pa-

per, we show that the dilemma of durable good procurement can

be alleviated by seemingly inefficient division conflicts. Specifically,

when a firm procures durable goods to sell them in distinct retail

markets, it is better off to leave these decisions to respective divi-

sion managers. Though the supplier generally tries to increase the

wholesale prices to fight back, decentralized procurement strategy

will encourage each division to purchase more in earlier periods

and less in later periods as wholesale prices decrease. As a result,

right sales quantities in each period end up with lower pricing be-

tween the firm and its supplier. 

Our findings have several implications for durable goods pro-

curement. First, our findings suggest that as long as the product is

durable, horizontal decentralization can significantly enhance the

profit of a firm with multiple divisions. This is a more practi-

cal means than contracts and arrangements as organization forms

(centralization vs. decentralization) are more readily established

and credibly observed. Second, our results highlight that the bene-

fit of decentralization always increases in durability and the num-

ber of divisions. To some degree, this may strengthen the firm’s

willingness to invest in durability and market segmentations, and

thereby improving customer services. Third, our results suggest

that some mechanisms of restricting sales quantities by pricing or

strictly initial one-time supply may not achieve positive effects on

firm’s profitability. Excessive restrictions on quantities will increase

firm’s cost. However, although decentralization is appealing from

the perspective of durable good procurement, we also stress that

full decentralization is not desirable. 

Last but not least, our results also have some implications for

future research. One important direction is the design of supply

chains for green and durable goods. We note that green products

are oftentimes durable. It would be interesting to examine the op-

timal choice of centralization versus decentralization when procur-

ing and selling green products. Another open issue for future re-

search is the incorporation of information asymmetries regarding

the durable goods problems. It is not yet clear how the firm can

make the optimal procurement decisions without the exact knowl-

edge of durability level. Contracts specifying wholesale prices or

sale quantities may be necessary to successfully deal with these

information asymmetries for durable good procurement. The third

potential direction is to study the effects of strategic inventory on

centralized and decentralized supply chain. We consider a fully

centralized supply chain, where the supplier and the n divisions

are all managed by a single firm. It is worth to investigate the op-

timal inventory decisions in the decentralized supply chain (un-

der decentralized procurement or centralized procurement) devi-

ate from that in the fully centralized supply chain. 
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