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Abstract This paper studies the potential effects of agricultural enterprise’s vertical integration and reverse engineering on downstream firms.

Suppliers who invest reverse engineering technology can exploit customer’s information. An integrated supplier can obtain at no cost the informa-

tion from its subsidiary. Based on repeated game and considered corporate " good" or "bad" type, this paper analysis supplier’s selection and

downstream investment in innovation. The results showed that: when the cost is higher than the threshold value no company invest in reverse

engineering, when the cost is lower than the threshold value the integration company invest in reverse engineering; in the second period, verti-

cal integration reduce the downstream independent enterprise’s innovation investment and profits, integrated enterprise increase innovation in-

vestment and profits; during the first period of the game, the independent downstream firms being

" completely foreclosure" .
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1 Introduction

Agricultural integration, also known as the industrialization of ag-
riculture, is the combination of agricultural producers (farmers,
farms, etc. ) and other related sectors (industrial, commercial,
service, financial, efc.) economically and organizationally, to
achieve a certain kind of collaboration and unification, and seek
common development''’. China has implemented the development
strategy of agricultural integration for more than 10 years, which
largely promotes the transition of traditional agriculture in China to
modern agriculture. The practice proves that the agricultural inte-
gration can break through the smallholder bottleneck constraints,
and rule out the traditional institutional barriers, becoming the in-
herent power and effective way to enhance market agricultural de-
velopment™ .

The vertical integration of agricultural enterprises is an im-
portant way of agricultural integration. For a long time, a lot of
literature has studied and explored the vertical integration. Spen-
gler (1950) analyzed the vertical integration process of upstream
and downstream enterprises, and believed that the vertical inte-
gration can increase profits, reduce the final product price, and
eliminate the double marginalization effect’. Stigler (1951) de-
veloped the life cycle theory of vertical integration, and believed
that vertical integration is related to the life cycle of industry'’.
From the point of view of uncertainty, Arrow (1975) pointed out
that when there was asymmetric information in the perfectly com-
petitive market, the downstream enterprises can draw on the
backward vertical integration, and enhance the market price fore-

casts, in order to avoid the production efficiency loss caused by

the lack of information”’. Williamson (1971, 1985) expanded
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Coase’s theory of transaction cost, and portray the vertical inte-
gration from asset specificity, transaction uncertainty and transac-
tion frequency®™".

The Chinese scholars Zhang Disheng and Chen Hongmin
(2001) used the game theory and differential analysis technique
to analyze the motivation and externality of vertical integration
under the general assumption'*’. Based on the upstream enterpri-
ses engaged in R & D investment, the downstream enterprises
engaged in R & D investment, and the upstream and downstream
firms engaged in R & D investment at the same time, Huo Peijun
and Xuan Guoliang (2000, 2001, 2002 ) analyzed the vertical
integration cooperation and non — cooperation effects, indicating
that the vertical R & D cooperation was conducive to promoting
the corporate R & D activities, and increasing the yield of the fi-
nal product, which will help improve the industry profits and so-
cial welfare, and verify the positive effects of vertical R & D co-
operation”® "' Jing Hui and Xun Zhijian (2007) thought that
the vertical integration enterprises can reduce their costs, but it
will increase the cost of enterprises which are not integrated,
leading to unfair competition, ultimately not conducive to indus-
trial development'?’. Vertical integration will produce the market
foreclosure effect, that is, the monopolistic sellers or buyers ef-
fectively use their monopoly power, to exclude competitors or re-
duce competition between competitors, and achieve the purpose
of increasing monopoly profits.

These extremely rich and profound researches provide the
theoretical reference and logical starting point for this article.
This paper argues that in the duopoly structure, when the down-
stream enterprises carry out innovation, the upstream suppliers
can decide whether to invest in reverse engineering, so that they
can decipher the relevant information of customers ( downstream
enterprise ) , but the suppliers after vertical integration can obtain
the information on their subsidiaries at no cost. Whether it is the

information obtained from reverse engineering or subsidiaries, the
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suppliers can sell it to other downstream enterprises for profits.

Moreover, after one supplier is vertically integrated with one
downstream enterprise, if the independent downstream enterprise
chooses this integrated enterprise as its supplier, it will make its
products likely to be copied. The market foreclosure arising from
vertical integration reduces the independent downstream
enterprises’ innovation investment and profits, but increases the
integrated enterprises’ innovation investment and profits.

2 Hypotheses and model

Assuming that one system consists of the upstream market and the
downstream market; two upstream enterprises (enterprise U, and
enterprise U, ) produce the homogeneous intermediate products;
two downstream enterprises produce ( enterprise D, and enterprise
D, ) use these products to produce the final products.

Assuming that the marginal cost of upstream and downstream
enterprises is always zero, and the upstream suppliers provide the
intermediate products for the downstream enterprises at total cost
T.

The downstream enterprises can increase the profits through
innovation, and when one enterprise carries out innovation, the
relative advantage makes them increases profits. However, when
both of the enterprises carry out innovation, the competition makes
part of the profits disappear and each enterprise obtains additional
profits.

Assuming that the profit is zero when the enterprises do not
innovate ; each downstream enterprise Di decides its own level of
innovation investment; the probability of innovation is p,[0, 1];
the input cost is C(p;, ).

Assuming that C(p,) is quadratic differentiable convex func-
tion and it meets C"( + ) >A -§.

Repeated game is as follows:

(1) Time period 1 (¢ =1). In phase 1, D, and D, select
their own level of innovation investment at the same time, the
probability of innovation is p, and p,, and the innovation success
or failure is visible for all enterprises.

In phase 2, U, and U, provide the intermediate products to
the downstream enterprises at the same time. D, and D, choose
their own suppliers.

Phase 2 can also be changed to: vertical integration between
U, and D,. For D,, there will be a risk: when it chooses U, as
the supplier, its innovation may be copied by D,. If so, we use 6
>0 to represent the probability of imitation.

Suppliers finally decide whether to invest in reverse engineer-
ing at cost of A, and the suppliers investing in reverse engineering
can decipher customer information, but the integrated supplier can
obtain the information on its subsidiaries at no cost. Whether it is
the information obtained from reverse engineering or subsidiaries,
the suppliers can sell it to other downstream enterprises at the cost
of 8.

(i1) Time period 2 (¢ =2). There are two phases same as a-

bove.

3 Vertical integration and reverse engineering

Before vertical integration, assuming A > 3§, the cost A does not
bring any additional profit, and the suppliers will not invest in re-
verse engineering, therefore, for the two vertically separated sup-
pliers, the only equilibrium is the case, and no one invests in re-
verse engineering.

In contrast, the integrated enterprises may find that it is prof-
itable investment, conducive to preventing the resulting market
foreclosure effect (Hart & Tirole, 1990) 7.

Assuming that U, and D, are vertically integrated into U, —
D, , we need to first consider the game in Time period 2 (¢ =2).
Even if the integrated enterprises have invested in reverse engi-
neering, they will protect their subsidiaries; the independent en-
terprises never invest in reverse engineering.

If D, thinks that U, does not invest in reverse engineering in
Time period 1 (U, is expected to never invest in Time period 2) ,
then the upstream competition is still symmetrical, so the suppliers
set price, the innovation probability of downstream enterprises in
Time period 2 and expected profit based on the cost.

If D, believes that U, previously invested in reverse engineer-
ing, the asymmetrical upstream competition will make the interme-
diate product price of U, greater than zero, that is, the vertical in-
tegration results in the rising intermediate product price, and the
market foreclosure is generated (" partial foreclosure" ).

Now we consider the game in Time period 1, and assume that
the discount factor is 8. When both of the downstream enterprises
carry out innovation, or neither of them innovates, the upstream
competition is symmetric, making the suppliers set price based on
cost, and the two downstream enterprises obtain § or 0. In both
cases, there are no suppliers investing in reverse engineering.

If the innovator is D, U, can not benefit from reverse engi-
neering, because even if U, wants to sell the innovation of its sub-
sidiary business, it can be easily obtained from D, .

If the innovator is D, , the net loss for U, to invest in reverse
engineering is A — 65, but the integrated enterprises’ profit is in-
creased by 7, — 7" in Time period 2.

Therefore, it meets the following condition

A-08<p(my —-m") (1)
U, - D, is selected as supplier, and it will invest in reverse engi-
neering. U, is willing to provide intermediate products at the cost
of T,.

T,=A-65-B(my —7") <0 (2)

In contrast, U, is willing to provide intermediate products at
the cost of T :

T, =By >0 3)

Proposition 1; When A >,8(Hl —IT°) -6(A -28), there
will be no enterprises investing inreverse engineering, but in Time
period 1 (¢ =1), there will be market foreclosure; when A <
(IT'-1II") - 6(A -28), the integrated enterprises invest in re-
verse engineering, and in Time period 2 (¢ =2), there is market
foreclosure (IT' = IT° =, + ) + 7 27" ).

When A >B(IT' = IT’) - 6(A -28) , we can get:
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A-T, +Bm’ >A-6(A-8) +Bm, ~T, (4)

U, wins in the competition, and the integrated enterprises do
not invest in reverse engineering. Since T, > T,, it means that
thevertical integration raises the prices of intermediate goods, un-
favorable to the downstream independent enterprises, and the mar-
ket foreclosure is generated (" partial foreclosure" ).

When A <B(H1 —IT°) —6(A -28), U, wins in the compe-
tition in Time period 1 (#=1), and there is no market foreclo-
sure, but as long as formula (1) is valid, the integrated enterpri-
ses find it profitable to invest in reverse engineering. We can see
from the preceding discussion that since T, > T,, there is market

foreclosure (" partial foreclosure" ) in Time period 2 (1 =2).

4 Repeated game

Assuming that some suppliers must spend A >§ to use customer in-
formation ( for example, by investing in reverse engineering),
while some suppliers can attain this at zero cost. The former is

known as '

'good" type, while the latter is known as "bad" type.

To simplify the model, we assume that only the supplier U,
type is uncertain, that is, the probability of " good" is p(0 <p <
1), and the probability of "bad" is 1 — p. The probability of
"good" in U, is 1. To simplify the model, we assume that § =1,
8 =0. Even if the profit is negligible, "bad" suppliers still choose
to use customer information.

4.1 Game in Time period 2 Since § =0, the profit can be
only earned by one enterprise D,. Now D, is assumed to be inde-
pendent, and U, is selected as the supplier.

Since the income stemming from the utilization of information
on D, is zero, only when U, is "bad" type can this be done. This
also means that regardless of the type, U, obtains the same profit
"zero" , and the upstream price competition then reaches a stand-
ard asymmetric Bertrand game T, =0, T, = (1 —p)A.

Proposition 2;: When ¢ =2, before vertical integration, the
downstream enterprises’ innovation investment and profits increase
along with the increase in p; after vertical integration, the inde-
pendent downstream enterprises’ innovation investment and profits
decline, while the integrated enterprises’ innovation investment
and profits increase.

Before being vertically integrated, the expected profit of in-
dependent enterprise D; is:

I, =p,(1 -p) (A=T,) =C(p,) =p,(1 =p;)pA - C(p,)

(5)

The innovative efforts of the downstream enterprises are bal-
anced :

pi=p.=p (p) <p” (1) (6)

Therefore, the profits of upstream and downstream enterprises
are

mo=m=7m"(p)=p (P)[1-p"(p)IpA-Clp" (p)]

(7)

m, =0 (8)

m=2p" (p)[1-p" (p) (1 -p)A 9)

According to the envelope theorem, we get:

7 (p)=p" (P)[1-p" (p)JA-p" (p)p"'(p)pA (10)
Based on the first order condition of formula (7), we can

get:
C'lp"(p)]=[1-p"(p)IpA (11)
By formula (10), (11), we can get:
PP C'lp" (p)] epA (2

C'lp"(p)] +pA

Therefore,, with the increase of p from 0 to 1, the downstream
enterprises’ innovation investment and profit increase, and 77" (p)
is increased from 7" (0) =0 to w* (1) =7 ".

After U, and D, are vertically integrated :

p=p (p) <p" (p) <p” (p) =py, my =7’ (p), m=<m’

(P)
where p~ (p) and p” (p) signify the innovation probability of the
independent downstream enterprises and the integrated enterprises
respectively; 75 and 75, signify the profit of the independent
downstream enterprises and the integrated enterprises in Time pe-
riod 2, respectively.
4.2 Game in Time period 1 Proposition 3; When ¢t =1, be-
fore vertical integration, the downstream enterprises actively invest
in innovation and achieve positive expected profits; after vertical
integration, if A <A(p) =B(my — 7" ), the integrated enterpri-
ses fully foreclose the independent downstream enterprises.

Before vertical integration, is assumed to be the only innova-
tor, and is selected as the supplier. will always get zero profit in
the future, and total profit of is as follows:

7= (1=p) x0+p(A+Br" ) =p(A +Br") (14)

U, is vertically integrated with D,, and U, will protect the
innovation of its subsidiaries. D, is assumed to be the only suc-
cessful innovator, and U, is selected as the supplier.

If U, is "bad" type, it copies the innovation of D, and bene-
fits in the game of Time period 2.

If U, is "good" type, it does not copy the innovation and ob-
tains profit in the game of Time period 2.

The imitation and uncertainty of the type make the integrated
enterprises get 775, If the following condition is met

A<A(p) =Bl -7 1>0 (15)

Regardless of the type of U,, U, will always use information
on D, , because the market foreclosure benefits exceed the costs of
reverse engineering. Therefore, when A <A(p), D, should not
trade with U, — D, , which causes the expected total income of D,
to be 85 + (1 -6)A =0. The value of innovation of D, completely
disappears due to imitation, and U, will get income 65 =0 by imi-
tation.

U, will provide the intermediate goods at the price of T, = —
05 =0. So, D, chooses U, as the supplier, and the net profit of D,
is as follows:

0B6+(1-6)A-T,=A-TB (16)

By formula (16) , we can find that when § =1 and §=0 , T,

=A, that is, U, can extract the full value from the innovation of
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D, (" complete foreclosure" ).

S Conclusions

Based on repeated game, this article considers the " good" or "
bad" type of enterprises, and studies the impact of vertical inte-
gration between one upstream enterprise and one downstream en-
terprise on the independent downstream enterprises in a duopoly
market. Meanwhile the suppliers can invest in reverse engineer-
ing, which will also affect the downstream enterprises’ innovation
and profits.

The study results show that when the cost is higher than the
threshold value B(IT' - IT") 6(A -28) , there will be no enter-
prise investing in reverse engineering; when the cost is lower than
the threshold value, the integrated enterprises will invest in re-
verse engineering; in the game of Time period 2, the downstream
enterprises’ innovation investment and profits increase with the in-
crease in the "good" probability of suppliers before vertical inte-
gration; after vertical integration, the independent downstream
enterprises’ innovation investment and profits decline, but the in-
tegrated enterprises’ innovation investment and profits increase; in
the game of Time period 1, the vertical integration makes the inde-

pendent downstream enterprises " totally foreclosed" .
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