
Risk Reduction and Cost Synergy in
Mergers and Acquisitions via

Supply Chain Network Integration

Zugang Liu1 Anna Nagurney2

1Department of Business and Econoics
Pennsylvania State University

Hazleton, PA 08081

2Isenberg School of Management
University of Massachusetts

Amherst, Massachusetts 01003

First Northeast Regional INFORMS Conference, UMass
Amherst, May 6-7, 2011

Zugang Liu Risk Reduction and Cost Synergy



Acknowledgments

This research was supported, in part, by the John F.
Smith Memorial Fund and this support is gratefully
appreciated.

This presentation is based on the paper, by the
same name, which is forthcoming in the Journal of
Financial Decision Making.

Zugang Liu Risk Reduction and Cost Synergy



Outline

I Background and Motivation

I The Pre- and Post-Merger Supply Chain Network Models with
Cost and Risk

I Three Synergy Measures for Mergers and Acquisitions

I Numerical Examples

I First Set of Numerical Examples

I Second Set of Numerical Examples

I Managerial Insights and Conclusions

Zugang Liu Risk Reduction and Cost Synergy



Background and Motivation
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The economic and financial collapse of 2008 and 2009 due to the
credit crisis in the U.S. with global ramifications, impacted
dramatically the Mergers and Acquisitions (M&A) landscape.

According to The Economist (2009), 2007 broke all records in
terms of M&A with approximately 4.8 trillion dollars in M&A deals
transacted.

But in the year ending in August 2009, the value of such deals
globally was just below 1.5 trillion dollars.
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According to The Economist (2010), emerging countries from
Thailand to India and China have entered a period of dynamism as
developed countries continue to struggle with the recession with
emerging-market companies pursuing growth through M&As with
a focus on acquiring brands and distribution channels.

In addition, it is being reported that we can expect M&As in the
healthcare, high tech, media, and energy sectors (cf. Zendrian
(2010)).
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Healthcare Supply Chains
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High Tech Products
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Energy Supply Chains
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It is increasingly apparent and documented that improving supply
chain integration is key to improving the likelihood of post-merger
success!

This is understandable, since up to 80% of a firm’s costs are linked
to operations (Benitez and Gordon (2000)).

However, empirical studies demonstrate that one out of two
post-merger integration efforts fares poorly (Gerds and Schewe
(2009)).
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In addition, in an empirical analysis of a global sample of over
45,000 data points of post-merger transactions in all significant
sectors globally from services to manufacturing, risk factors were
identified to post-merger success (see Gerds, Strottmann, and
Jayaprakash (2010)).
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Risk in the context of supply chains may be associated with

• the production/procurement processes,

• the transportation/shipment of the goods,

• and/or the demand markets.

Such supply chain risks are directly reflected in firms’ financial
performances, and priced in the financial market.

Hendricks and Singhal (2010) estimated that the average stock
price reaction to supply-demand mismatch announcements was
approximately −6.8%. In addition, supply chain disruptions can
cause firms’ equity risks to increase by 13.50% on average after the
disruption announcements (Hendricks and Singhal (2005)).
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Illustrations of Supply Chain Risk
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We build upon the recent work in mergers and acquisitions of that
focuses on horizontal network integration (cf. Nagurney (2009),
Nagurney and Woolley (2010), and Nagurney, Woolley, and Qiang
(2010)).

We develop the following significant extension: we utilize a
mean-variance (MV) approach in order to capture the risk
associated with supply chain activities both prior to and post the
merger/acquisition under investigation. The MV approach to the
measurement of risk dates to the work of the Nobel laureate
Markowtiz (1952, 1959) and even today (cf. Schneeweis, Crowder,
and Kazemi (2010)) remains a fundamental approach to
minimizing volatility.

This new modeling framework allows one to capture quantitatively
the risk associated not only with the supply chain network
activities but also with the merger/acquisition itself, which has
been identified as being critical in practice.
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For a comprehensive review of supply chain risk management
models, please see Kleindorfer and Saad (2005), Tang (2006),
Nagurney (2006), and Wu and Blackhurst (2009).

We believe that is essential to study supply chain risk management
from a holistic point of view, even in the context of mergers and
acquisitions, since to capture the full complexity of the network
may result in paradoxical behavior (see Nagurney (2010)).
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The Pre- and Post-Merger Supply Chain Network Models
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All firms, both prior and post the merger, minimize both their
expected total costs and the risk, as captured through the variance
of the total costs, with a suitable weight assigned to the latter.

Zugang Liu Risk Reduction and Cost Synergy



RA
1

m · · · mRA
nA

R
RB

1
m · · · mRB

nB
R

?

H
H

HH
HHj?

�
�

��
��� ?

H
H

HH
HHj?

�
�

��
���

DA
1,2

m · · · mDA
nA

D ,2 DB
1,2

m · · · mDB
nB

D ,2

? ? ? ?

DA
1,1

m · · · mDA
nA

D ,1 DB
1,1

m · · · mDB
nB

D ,1

?

H
HHHHHj?

�
������ ?

H
HHHHHj?

�
������

MA
1

m · · · mMA
nA

M
MB

1
m · · · mMB

nB
M

�
�

�	

@
@

@R

�
�

�	

@
@

@R

mA mB
Firm A Firm B

Figure 1: The Pre-Merger Supply Chain Network
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The Pre-Merger Supply Chain Network Model with Risk

The links in Figure 1 are denoted by a, b, etc., and the total cost
on link a by ĉa.

Let dR i
k

denote the fixed demand for the product at retailer R i
k

associated with firm i ; i = A,B; k = 1, . . . , ni
R .

Let xp denote the nonnegative flow of the product on path p
connecting (origin) node i with a (destination) retail node of firm
i ; i = A,B.

The conservation of flow equations must hold for each firm i :∑
p∈P0

Ri
k

xp = dR i
k
, i = A,B; k = 1, . . . , ni

R , (1)

where P0
R i

k
denotes the set of paths joining node i with retail node

R i
k . Hence, the demand at each retail node must be satisfied by

the product flows destined to that node.
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The flow on link a is denoted by fa.

The following conservation of flow equations must also hold:

fa =
∑
p∈Pi

xpδap, ∀a ∈ Li ; i = A,B, (2)

where δap = 1 if link a is contained in path p and δap = 0,
otherwise.

Here Pi denotes the set of all paths in firm i ’s network in Figure 1,
that is, Pi = ∪k=1,...,ni

R
P0

R i
k
.

The path flows must be nonnegative, that is,

xp ≥ 0, ∀p ∈ Pi ; i = A,B. (3)
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The total cost on link a, ĉa, takes the form:

ĉa = ĉa(f , ωa) = ωaĥafa + hafa, ∀a ∈ Li ; i = A,B, (4)

where ωa denotes the exogenous random variable affecting the
total cost of link a.

We allow ωa to follow any distribution, and permit the ωas of
different links to be correlated with one another. The ωas can
represent factors of uncertainty, such as, for example, those
associated with foreign exchange rates, the production disruption
frequencies, and/or the energy and material prices.

In (4), ĥafa, represents that part of the total cost that is subject to
the variation of ωa, whereas hafa denotes that part of the total
cost that is independent of ωa.

We assume that there are nonnegative capacities on the links with
the capacity on link a denoted by ua, ∀a.
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The firms consider both costs and risks in their operations using a
mean-variance framework and each seeks to minimize its expected
total cost and the valuation of its risk. The optimization problem
faced by firm i ; i = A,B, can be expressed as:

Minimize
∑
a∈Li

E (ĉa(fa, ωa)) + αiV (
∑
a∈Li

ĉa(fa, ωa)) (5)

subject to: constraints (1) – (3) and

fa ≤ ua, ∀a ∈ Li . (6)

where the first term in the objective function (5) denotes the
expected total cost; αi denotes the risk aversion factor of firm i ;
and V (

∑
a∈Li

ĉa(fa, ωa)) represents the variance of the total cost.
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Note that we can substitute (4) into (5), to obtain the equivalent
optimization problem:

Minimize
∑
a∈Li

E (ωa)ĥafa +
∑
a∈Li

hafa + αiV (
∑
a∈Li

ωaĥafa) (7)

subject to: constraints (1) – (3) and

fa ≤ ua, ∀a ∈ Li . (8)

We assume that the objective function in (7) is convex and that
the individual terms are continuously differentiable. This
optimization problem is a constrained, convex nonlinear
programming problem. According to the standard theory of
nonlinear programming (cf. Bazaraa, Sherali, and Shetty, 1993) if
the feasible set of the problem represented by the constraints (1) –
(3) and (6) is non-empty, then the optimal solution, denoted by
f ∗ ≡ {f ∗a }, a ∈ Li , exists.
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We define Ki ≡ {f |∃x ≥ 0, and (1)− (3) and (6) hold}, where f is
the vector of link flows and x the vector of path flows and we let
βa denote the Lagrange multiplier associated with constraint (6)
for link a.

Theorem 1
The vector of link flows of firm i, f ∗ ∈ Ki ; i=A,B, is an optimal
solution to problem (5), subject to (1) through (3) and (6), if and
only if it satisfies the following variational inequality problem with
the vector of optimal nonnegative Lagrange multipliers β∗:

∑
a∈Li

[
E (ωa)ĥa + ha +

∂V (
∑

a∈Li
ωaĥafa)

∂fa
+ β∗a

]
×[fa−f ∗a ]+

∑
a∈Li

[ua−f ∗a ]

×[βa − β∗a ] ≥ 0, ∀f ∈ Ki , ∀βa ≥ 0,∀a ∈ Li . (9)
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Figure 2: The Post-Merger Supply Chain Network
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The Post-Merger Supply Chain Network Model with Risk

Let xp denote the flow of the product on path p connecting node 0
with a retailer node.

Then the following conservation of flow equations must hold:∑
p∈P1

Ri
k

xp = dR i
k
, i = A,B; k = 1, . . . , ni

R , (12)

where P1
R i

k
denotes the set of paths joining node 0 with retail node

R i
k . The set P1 ≡ ∪i=A,B;k=1,...,ni

R
P1

R i
k
.

In addition, as before, we let fa denote the flow of the product on
link a, and we must have the following conservation of flow
equations satisfied:

fa =
∑
p∈P1

xpδap, ∀a ∈ L1, (13)

xp ≥ 0, ∀p ∈ P1. (14)
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In the case of an acquisition, we can expect the acquiring firm to
impose its valuation of risk on the integrated network link
activities, whereas in the case of a merger, the risk aversion factor
may be obtained after some negotiations between the two firms
that merge.

Hence, we assume that the risk aversion factor, post-merger (or
acquisition), is denoted by α and recognize that, in the case of an
acquisition, α = αi , with i being an acquiring firm and, in the case
of a merger, α = αA+αB

2 being reasonable factors.
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The optimization problem associated with the post-merger firm
which minimizes the expected total cost and the total risk subject
to the demand for the product being satisfied at the retailers, is,
thus, given by:

Minimize
∑
a∈L1

E (ĉa(fa, ωa)) + αV (
∑
a∈L1

ĉa(fa, ωa)) (15)

subject to: constraints (12) – (14) and

fa ≤ ua, ∀a ∈ L1. (16)

We can substitute (4) into (15) to obtain the equivalent
optimization problem:

Minimize
∑
a∈L1

E (ωa)(ĥafa+ĝa)+
∑
a∈L1

(hafa+ga)+αV (
∑
a∈L1

ωaĥafa)

(17)
subject to: constraints (12) – (14) and

fa ≤ ua, ∀a ∈ L1. (18)
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The expected total cost associated with the merger, TC 1, which is
defined as:

TC 1 ≡
∑
a∈L1

E (ca(f
∗
a , ωa)), (19)

and, the total risk associated with the merger, TR1, which is
defined as:

TR1 ≡ V (
∑
a∈L1

(ĉa(f
∗
a , ωa)), (20)

with TC 0 and TR0 denoting, respectively, the total minimal cost
and variance prior to the merger.
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Three Synergy Measures for Mergers and Acquisitions
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The measures to capture the gains, if any, are:

The Expected Total Cost Synergy

STC ≡
[
TC 0 − TC 1

TC 0

]
× 100%, (21)

quantifies the expected total cost savings.

The Absolute Risk Synergy

STR ≡
[
TR0 − TR1

TR0

]
× 100%, (22)

represents the reduction of the absolute risk achieved through the
merger.
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The Relative Risk Synergy

SCV ≡
[
CV 0 − CV 1

CV 0

]
× 100%, (23)

where CV 0 and CV 1 denote the coefficient of variation of the total
cost for, respectively, the pre-merger and the post-merger
networks, and are defined as follows:

CV 0 ≡
√

TR0

TC 0
, (24)

CV 1 ≡
√

TR1

TC 1
. (25)

Note that CV 0 and CV 1 represent the volatilities of the expected
total costs of the pre- and post-merger networks, respectively.

This measure reflects the reduction of the relative risk through the
merger.
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Numerical Examples
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Figure 3: The Pre-Merger Supply Chain Network Topology for the
Numerical Examples
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Figure 4: The Post-Merger Supply Chain Network Topology for the
Numerical Examples
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Both variational inequality problems (pre-merger and post-merger)
can be solved using the modified projection method, which we
embedded with the equilibration algorithm, for the solution of all
the numerical examples. The code was implemented in Matlab.

The weights α1 = α2 = 1 and α = 1.

For details, please refer to our paper.

Zugang Liu Risk Reduction and Cost Synergy



First Set of Numerical Examples
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Table 1: Definition of Links and Associated Total Cost Functions for the
Numerical Examples

Link a From Node To Node ĉa(fa, ωa) E (ωa)

1 A MA
1 ω12f1 + f1 E (ω1) = 1

2 A MA
2 ω24f2 + f2 E (ω2) = 1

3 MA
1 DA

1,1 ω3f3 + f3 E (ω3) = 1

4 MA
2 DA

1,1 ω4f4 + f4 E (ω4) = 1

5 DA
1,1 DA

1,2 ω5f5 + f5 E (ω5) = 1

6 DA
1,2 RA

1 ω6f6 + f6 E (ω6) = 1

7 DA
1,2 RA

2 ω7f7 + f7 E (ω7) = 1

8 B MB
1 ω82f8 + f8 E (ω8) = 1

9 B MB
2 ω94f9 + f9 E (ω9) = 1

10 MB
1 DB

1,1 ω10f10 + f10 E (ω10) = 1

11 MB
2 DB

1,1 ω11f11 + f11 E (ω11) = 1

12 DB
1,1 DB

1,2 ω12f12 + f12 E (ω12) = 1

13 DB
1,2 RB

1 ω13f13 + f13 E (ω13) = 1

14 DB
1,2 RB

2 ω14f14 + f14 E (ω14) = 1
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Table 2: Definition of Links and Associated Total Cost Functions for the
Numerical Examples

Link a From Node To Node ĉa(fa, ωa) E (ωa)

15 MA
1 DB

1,1 ω15f15 + f15 E (ω15) = 1

16 MA
2 DB

1,1 ω16f16 + f16 E (ω16) = 1

17 MB
1 DA

1,1 ω17f17 + f17 E (ω17) = 1

18 MB
2 DA

1,1 ω18f18 + f18 E (ω18) = 1

19 DA
1,2 RB

1 ω19f19 + f19 E (ω19) = 1

20 DA
1,2 RB

2 ω20f20 + f20 E (ω20) = 1

21 DB
1,2 RA

1 ω21f21 + f21 E (ω21) = 1

22 DB
1,2 RA

2 ω22f22 + f22 E (ω22) = 1

23 0.00 A 0.00 −−
24 0.00 B 0.00 −−
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In the first set of examples, since we assumed that the total cost
and the total risk of the merger process are negligible, the total
cost of the merger links (emanating from node 0) are assumed to
be zero. The capacities on all the links in all the examples were set
to: ua = 40,∀a ∈ L1.

The demands at the retailers were: dRA
1

= 10, dRA
2

= 10, and
dRB

1
= 10, dRB

2
= 10.

COV , the covariance matrix of the random cost factors, the ωas,
takes the form:

COV = σ2I , (26)

where I is a 24× 24 identity matrix, and σ represents the
magnitude of the variance. In the simulation examples, we vary σ2

from 0.01 to 0.1 to show how the costs and the risks of the
pre-merger and post-merger networks change as the uncertainty
increases.
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Figure 5: The Expected Total Costs of the Pre-Merger and the
Post-Merger Networks
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Figure 5 shows that, as the variance of the link cost uncertainty
factors, σ2, increases, the expected total costs of both the
pre-merger and the post-merger networks will increase.

In addition, the total cost of the post-merger network is
consistently lower than that of the pre-merger network.
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Figure 6: The Absolute Risks of the Pre-Merger and the Post-Merger
Networks
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Figure 6 shows that, as the variance of the link cost uncertainty
factors, σ2, increases, the total absolute risks of both networks
represented by the variances of total costs both increase.

In addition, the total risk of the post-merger network is always
lower than that of the pre-merger network. Moreover, Figure 6 also
shows that the total risk of the post-merger network increases less
quickly than that of the pre-merger network, which makes the gap
between the total risks of the two networks become larger as the
link cost variance increases.
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Figure 7: The Relative Risks of the Pre-Merger and the Post-Merger
Networks
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Figure 7 exhibits the trend of the relative risks of the two networks
where the relative risks are represented by the volatilities
(coefficient of variation) of the expected total costs.

Figure 7 shows that, as the variance of the link cost uncertainty
factors, σ2, increases the total cost volatilities of both networks
increase.

Observe that the relative risk of the post-merger network is always
lower than that of the pre-merger network. Moreover, the relative
risk of the post-merger network increases less quickly than that of
the pre-merger network which makes the gap between the relative
risks of the two networks wider as the link cost uncertainty, σ2,
increases.
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Figure 8: The Three Synergy Measures for Set 1
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From Figure 8, see that, in this example set, all the three measures
are always positive which indicates that the merger of the two
networks reduces both the expected total cost and the total risk
when the cost and the risk of merger links are negligible.

In addition, the value of the expected total cost synergy, STC , is
relatively low, and is below 5% while the values of the two risk
reduction synergy measures, STR and SVC , are both consistently
higher than 30%.

Finally, we observe that, as the variance of the link cost
uncertainty factors, σ2, increases, the values of the two risk
reduction synergy measures also increase while the value of the
expected total cost synergy slightly decreases.
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Second Set of Numerical Examples
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In the second set of examples, we used the same networks and cost
functions as in Set 1 except that we now assumed that the costs
and risks of the merger links are not negligible.

In particular, we assumed that the total cost functions of the two
merger links are as follows:

ĉ23(f23, ω23) = ω23f23, (27)

ĉ24(f24, ω24) = ω24f24, (28)

where E (ω23) = 1, E (ω24) = 1, and the variance of ω23 and ω24

are equal to σ̂2.

We varied σ̂2 from 0.0 to 0.8 to show how the three measures
change as the risk incurred in the merger process increases. We
now assumed that the variance of the uncertainty factors
associated with the other links, σ2, is fixed and is equal to 0.1.
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Figure 9: The Three Synergy Measures for Set 2
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Figure 9 shows the values of the three synergy measures as the
variances of the cost uncertainty factors of the merger links, σ̂2,
increase.

We can see that the expected total cost synergy, STC , is negative,
which indicates that the merger of the two supply chain networks
will increase the expected total cost. This is due to the fact that
the cost incurred in the merger process offsets the potential
savings through network integration.
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Figure 9 shows that the absolute risk synergy, STR , decreases as σ̂2

increases, and becomes negative when σ̂2 > V ∗. This trend
indicates that the reduction of absolute risk diminishes when the
risk of the merger process increases, and the absolute risk actually
starts to increase when σ̂2 > V ∗.

The third measure, SCV , remains positive in Figure 9, which
indicates that now the relative risk or the total cost volatility is
always reduced by this supply chain network merger.

Figure 9 also shows that as σ̂2 increases, SCV decreases and
approaches zero. This trend implies that the reduction in the
relative risk or the total cost volatility becomes smaller as the risk
of the merger process becomes larger.
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It is interesting that in this second set of examples the three
synergy measures evaluate different aspects of potential gains
through the merger. Synergy measure 1 shows that the merger of
the two networks does not reduce the expected total cost.

However, the merger can still be beneficial to the firms’
stakeholders since the total risk may be reduced through the
merger. Moreover, if σ̂2 < V ∗, both the absolute risk and the
relative risk are reduced, and if σ̂2 > V ∗, only the relative risk is
reduced while the absolute risk will increase in the post-merger
network.

Therefore, if the decision-maker’s only concern is cost synergy this
merger may not make sense. Nevertheless, if the decision-maker
also cares about risk he or she will need to carefully compare
different risk measures in order to correctly evaluate the potential
risk reduction through the merger.
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Managerial Insights and Conclusions
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• We focused on the potential cost synergy and risk reduction
achievable through mergers/acquisitions via supply chain network
integration.

• We developed a variational inequality modeling framework that
considers the costs and the risks associated not only with the
production, transportation, and storage activities in supply chain
networks, but also with the merger/acquisition itself. The
framework allows one to estimate the expected total cost and the
total risk of the supply chain networks before and after the merger.

• We provided three synergy measures that can assist
decision-makers in the evaluation of potential gains of M&As from
different perspectives.

• We provided numerical results.
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Our results provide interesting managerial insights for executives
who are faced with M&A decisions.

Our first set of examples showed that, if the expected total costs
and the risks of the merger are negligible, both the total cost and
the total risk would be reduced through the merger.

In addition, the risk reduction achieved through the merger was
more prominent when the uncertainty of link costs was higher.

Our second set of examples showed that the cost and the risk of
merger could have a significant impact on the total cost and the
total risk of the post-merger firm, and should be carefully
evaluated.
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Our examples also demonstrated that whether a merger makes
sense economically may depend on the priority concerns of the
decision-makers, and on the measures used to evaluate the gains.

For instance, a merger that could not lower the expected total cost
might still be able to reduce the total risk, and, hence, be
considered beneficial to the firms’ stakeholders.
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THANK YOU!

For more information, see: http://supernet.som.umass.edu
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