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Buffering Supply Shocks in Successive Oligopoly:
Market Power and Welfare Implications

Youngjune Kim, Tian Xia, and Dustin L. Pendell

We investigate the welfare consequences of supply shocks in concentrated agricultural supply
chains using a successive oligopoly framework with upstream and downstream market power.
While shocks reduce welfare for all participants, we prove the distribution is highly asymmetric.
Specifically, market power in one stage mitigates welfare losses in the adjacent stage-a buffering
effect. Furthermore, downstream market power magnifies upstream price increases following a
shock. Our results demonstrate how strategic margin adjustments by firms with market power
shape price transmission and redistribute economic surplus during supply disruptions.
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Introduction

Global food supply chains have become increasingly susceptible to supply shocks, precipitated
by climate-induced production losses and geopolitical instabilities. The economic consequence of
these disruptions is governed by how price signals propagate through the marketing chain, as the
mechanics of price transmission dictate the ultimate incidence of the shock and fundamentally
repartition the economic surplus. A rigorous evaluation of these distributive effects is essential,
primarily because such shocks can directly compromise the consumer surplus and nutritional health
of vulnerable populations given that food remains a primary budgetary requirement for the world’s
poor. Furthermore, these disruptions pose a substantial threat to producer surplus and the broader
economic vitality of rural areas (Crespi, Saitone, and Sexton, 2012). Therefore, analyzing how
supply shocks partition total economic surplus through price transmission is critical to identifying
the complex welfare consequences that simple price indices fail to capture.

The magnitude and direction of this welfare redistribution are fundamentally governed by
the exercise of market power within the agricultural supply chain (Sexton and Xia, 2018). The
modern agricultural marketing system operates as a successive oligopoly, where highly concentrated
processors and retailers interact through complex vertical restraints. At the farm level, agricultural
production has undergone persistent horizontal consolidation, broadly shifting toward fewer, larger-
scale operations (Crespi and MacDonald, 2022). This structural change is primarily driven by the
adoption of technological innovations and the exploitation of scale economies (MacDonald, 2020).
Concurrently, the downstream segments of the food supply chain exhibit even more pronounced
levels of market concentration. Food processing industries, in particular, have undergone rapid
structural shifts; for instance, the four-firm concentration ratio (CR4) in the U.S. beef packing sector
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surged from approximately 36% in 1980 to 85% in 2011 (Sheldon, 2017). Further downstream,
the food retailing sector has experienced a similar trajectory of consolidation; the market share
of the top 20 U.S. retailers surged from approximately 40% in 1990 to over 65% by 2015, while
the share of the top four retailers nearly doubled to approximately 30% (Crespi and MacDonald,
2022), which increased concentration might enable large-scale retail chains to exert significant
countervailing buyer power over processors. In this environment of successive oligopoly, the
strategic interactions among cooperatives, processors, and retailers ultimately determine how supply
shocks are transmitted through prices and how the resulting welfare losses are partitioned among
market participants.

Despite the critical importance of this vertical structure, it remains theoretically ambiguous how
the compounding effects of successive market power specifically filter and distort supply shocks
to determine the ultimate welfare burden. To resolve this ambiguity, this study develops a rigorous
conceptual framework to formally quantify how exogenous supply disruptions propagate through a
successively concentrated marketing chain. Specifically, we extend the successive oligopoly model
of Villas-Boas and Hellerstein (2006) to explicitly incorporate market power at both upstream and
downstream stages. By mapping the strategic margin adjustments of highly concentrated firms,
our analytical model translates asymmetric price transmissions into the formal partitioning of total
economic surplus. This approach allows us to unequivocally trace how the economic fallout from
a supply shock is transferred among agricultural producers, multi-stage intermediaries, and final
consumers.

We first prove that a negative supply shock inflicts a strict welfare loss across all market
participants-upstream producers, downstream intermediaries, and consumers. However, our model
uncovers the asymmetric mechanics through which successive market power redistributes this
inescapable loss. We demonstrate that while market power generally acts as a buffer that mitigates
the transmission of price shocks to consumers, it introduces a strategic trade-off for the intermediary
firms. Specifically, we show that an upstream firm’s market power magnifies its own welfare loss
due to dramatic volume reductions, while simultaneously mitigating the losses borne by downstream
firms and consumers. Conversely, downstream market power magnifies its own loss while shielding
the upstream and consumer sectors.

Our paper contributes to the literature by evaluating the price transmission of supply shocks
within a highly concentrated marketing chain. Several studies focus on investigating the degree of
price transmission in the light of market power. McCorriston, Morgan, and Rayner (1998) considers
factors which influence the degree of price transmission by deriving a price transmission elasticity.
Weldegebriel (2004) develops a model of price transmission where both oligopoly and oligopsony
power co-exist. Bunte and Peerlings (2003) performs simulations to show how market power can
cause asymmetric price adjustments, and Lloyd et al. (2006) constructs a theoretical model to
highlight the linkage between market power and price transmission. Furthermore, Weyl and Fabinger
(2013) analyzes the general principles of pass-through under imperfect competition. Our study
distinguishes itself by explicitly examining the transmission mechanisms of supply shocks. Rather
than analyzing marginal cost fluctuations, we formally demonstrate how massive supply disruptions
propagate through a successively concentrated marketing chain, revealing how market power distorts
price signals and exacerbates asymmetric price adjustments during market crises.

Our paper is an extension in the same spirit of the study by Sexton and Zhang (2001). They
develop a simple flexible framework of the food market channel with successive buyer and/or seller
market power in various stages to examine the impacts of various combinations of market power
at stages on welfare losses and the distribution of welfare among market participants. Our model
structure is similar to that in Sexton and Zhang (2001) in terms of successive market power and the
linkage through various stages of food market channel, and the welfare implications. Our paper has
a different focus because we analyze how market power affects the welfare consequences of supply
shocks in the food market channel, and it provides an empirical analysis in the case of the U.S.
fluid milk market. Our paper also relates to other research seeking to analyze the economic welfare
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implications of market power in the food and agriculture sector. Examples include Sexton (2000),
who evaluates the impacts of structural consolidation and successive market power on the allocation
of economic surplus across the marketing channel.In the context of policy intervention, Russo,
Goodhue, and Sexton (2011) and Saitone, Sexton, and Sexton (2008) investigate how downstream
market power affects the welfare distribution of agricultural support programs and subsidies.
Extending this scope to global markets, Sexton et al. (2007) analyzes the welfare incidence of
agricultural trade liberalization under oligopsonistic buyer power. Çakir and Nolan (2015) expands
the welfare analysis to explicitly incorporate the role of complementary input sectors. More recently,
Hadachek, Ma, and Sexton (2024) evaluates the welfare and resilience implications of extreme
supply chain disruptions under various market structures and policy interventions. We depart from
these studies by analytically proving the asymmetric mechanisms of shock propagation, revealing
how downstream market power acts dually-simultaneously magnifying upstream price increases
while buffering adjacent stages against severe welfare losses.

The remainder of the paper proceeds as follows. Section develops the theoretical framework
of successive oligopoly and formally derives the analytical propositions regarding supply shock
transmission and welfare redistribution. Section complements these theoretical findings with a
numerical simulation calibrated to the U.S. fluid milk sector, quantifying the distributive impacts
of supply disruptions under varying market power. Finally, Section concludes the analysis and
discusses policy implications.

Model

We develop a conceptual framework that extends the successive oligopoly model of Villas-Boas
and Hellerstein (2006) to illustrate how supply shocks affect prices in vertically related markets.
In particular, the framework incorporates two key features: (i) market power at both upstream and
downstream stages and (ii) sequential vertical pricing decisions between firms operating at different
stages of the supply chain. This framework allows us to analyze how market power at different
vertical stages shapes the transmission of supply shocks to output prices.

Following Villas-Boas and Hellerstein (2006), we consider a linear pricing model in which
upstream firms first set their output price (pu), and downstream firms subsequently set their output
price (pd) conditional on the upstream price (pu). We also assume that the quantity handled by
downstream firms (Qd) is equal to the quantity supplied by upstream firms (Qu), and therefore
equal to total quantity (Q), i.e., Q = Qd = Qu .

The inverse demand faced by downstream firms is given by

(1) pd = h(Q,Y,δ),

where Y represents a vector of variables that shift the demand curve, and δ is a vector of parameters
to be estimated.

The profit of downstream firm i (πi) is

(2) πi = h(Q,Y,δ)qi − puqi − Cd (qi ,R,γ),

where qi is the output of firm i, Cd is the cost function of a downstream firm, R is a vector
of variables that shift the cost function of downstream firms, and γ is a vector of unknown cost
parameters to be estimated. Industry equilibrium is determined by the simultaneous solution of the
n supply relations, the demand function, and the identity Q =

∑
qi .

We assume that the marginal costs of both downstream and upstream firms increase with output.
The marginal processing-retailing cost of downstream firms, cd , can be expressed as cd = βd +

τdQ + γdR, where βd and τd are downstream cost parameters to be estimated, and γd is a vector
of downstream cost parameters to be estimated. Likewise, the marginal production cost of upstream
firms, cu , is defined as cu = βu + τuQ + γuW, where W represents a vector of exogenous variables
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that affect upstream costs, βu and τu are upstream cost parameters to be estimated, and γu is a vector
of upstream cost parameters to be estimated.

Equating the downstream firms’ perceived marginal revenue, pd + λdh′(Q)Q, to the sum of the
upstream firms’ output price, pu , and the downstream firms’ marginal processing-retailing cost, cd ,
yields the downstream industry supply relation:

(3) pd = pu − λdh′(Q)Q + βd + τdQ + γdR.

Here, λd ∈ [0,1] is the conduct parameter governing competition among downstream firms. If λd =

0, downstream firms behave as price takers, since equation (3) reduces to pd = pu + cd . As λd
increases, the industry moves further away from perfect competition, with λd = 1 corresponding to
monopoly behavior.

From equation (3), the inverse derived demand faced by upstream firms can be written as

(4) pu = h(Q) + λdh′(Q)Q − βd − τdQ − γdR.

Equating the upstream firms’ perceived marginal revenue, pu + λu[h′(Q)Q + λdh′′(Q)Q2 +

λdh′(Q)Q − τdQ], to the upstream firms’ marginal production cost, cu , yields their supply relation:

(5) pu = −λuλd[h′′(Q)Q2 + h′(Q)Q] − λu (h′(Q) − τd )Q + βu + τuQ + γuW,

where λu ∈ [0,1] is the conduct parameter measuring the degree of competition among upstream
firms.

For simplicity, we assume the following linear demand function:

(6) Q = α0 + α1pd + α2Y,

where α0 and α1 are parameters to be estimated, and α2 is a vector of parameters. This demand
function yields h(Q) = −

α0
α1

+ 1
α1

Q − α2
α1

Y, where h′(Q) = 1
α1

and h′′(Q) = 0.

Supply Shocks and Price Transmission

To analyze how equilibrium prices change as downstream and upstream market power vary, we first
derive the equilibrium quantity and then the corresponding equilibrium prices. By substituting the
inverse derived demand in equation (4) into the perceived marginal revenue expression in equation
(5), and incorporating a supply shock term, we obtain the equilibrium quantity, Q∗, as follows:

(7) Q∗ = β1

[
α0

α1
+
α2Y
α1

+ βd + γdR + βu + γuW + τuX
]
,

where β1 =
α1

(1+λu )(1+λd )−α1 (τu+(1+λu )τd ) and X denotes a negative supply shock, with X defined as a
positive number. In this framework, we define the negative supply shock, X , as a physical production
loss at the upstream level. While negative shocks can also originate from the demand side or other
supply chain disruptions, this study specifically isolates upstream supply-side shocks that directly
impact the marginal cost of primary production.

Substituting the equilibrium quantity from equation (7) into the linear demand function in
equation (6) and rearranging terms yields the equilibrium downstream output price:1

(8) pd = β2 + β3Y + β4[βd + γdR + βu + γuW] + β5X,

1 The detailed derivation is provided in Appendix .
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where

β2 =
−(λd + λu + λdλu ) + α1(τu + (1 + λu )τd )

(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )

(
α0

α1

)
,

β3 =
−(λd + λu + λdλu ) + α1(τu + (1 + λu )τd )

(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )

(
α2

α1

)
,

β4 =
1

(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )
,

β5 =
τu

(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )
.

The parameter α1 describes how demand for the downstream firms’ product declines as its own
price increases, i.e., it reflects the own-price elasticity of demand. The parameters τu and τd represent
how the marginal costs of producing one more unit for upstream and downstream firms, respectively,
increase with output, i.e., they reflect the slope of marginal cost. Since α1 is negative, τu and τd are
positive, and λu and λd range from 0 to 1, a negative supply shock raises the downstream firms’
output price, which is theoretically plausible.

We also solve for the equilibrium upstream firms’ output price. From equation (3), the derived
demand faced by upstream firms can be written as:

(9) Q = β6

[
α0

α1
+ pu +

α2Y
α1

+ βd + γdR
]
,

where β6 =
α1

(1+λd )−α1τd
. Substituting the derived demand faced by upstream firms in equation (9)

into the equilibrium quantity in equation (7) yields the equilibrium upstream firms’ output price:2

(10) pu = β7 + β8Y + β9[βd + γdR] + β10[βu + γuW] + β11X,

where

β7 =
−λu (1 + λd ) + α1(τu + λuτd )

(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )

(
α0

α1

)
,

β8 =
−λu (1 + λd ) + α1(τu + λuτd )

(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )

(
α2

α1

)
,

β9 =
−λu (1 + λd ) + α1(τu + λuτd )

(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )
,

β10 =
(1 + λd ) − α1τd

(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )
,

β11 =
τu {(1 + λd ) − α1τd }

(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )
.

The comparative static derivatives of the parameters of interest, β5 and β11, with respect to
the conduct parameters in equations (8) and (10) indicate how supply shocks affect changes in
equilibrium upstream and downstream output prices. This leads to the following three propositions.

Proposition 1. Effects of Downstream Firms’ Market Power: (i) Downstream firms’ market power
(λd) enlarges the impact of a negative supply shock on the upstream firms’ output price. (ii)
Downstream firms’ market power (λd) reduces the impact of a negative supply shock on the

2 The detailed derivation is provided in Appendix .



JA
RE

Prep
rin

t

6 Preprint Journal of Agricultural and Resource Economics

downstream firms’ output price.

Proof: To determine the signs, we first establish the signs of the core parameters. We assume a
downward-sloping linear demand (α1 < 0), upward-sloping marginal costs (τu > 0, τd > 0), and
conduct parameters bounded between perfect competition and monopoly (λu ∈ [0,1], λd ∈ [0,1]).
The common denominator is (1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd ), which is strictly positive.

∂ β11

∂λd
=

−α1(τu )2

{(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )}2
> 0,

∂ β5

∂λd
=

−τu (1 + λu )
{(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )}2

< 0.

Since −α1 > 0 and (τu )2 > 0, the numerator of the first derivative is positive, resulting in ∂β11
∂λd

> 0.
Conversely, since τu > 0 and (1 + λu ) > 0, the numerator of the second derivative is negative,
yielding ∂β5

∂λd
< 0.

We first discuss the economic intuition behind result (i) in proposition 1. Figure 1 illustrates the
role of downstream market power in determining the effect of supply shocks on upstream firms’
output price. Consider two competitive environments: one in which firms possess greater market
power (M) and another in which they possess less market power (L). The derived demand faced
by upstream firms is determined by downstream firms’ marginal revenue and marginal processing-
retailing cost, as shown in equation (4). Downstream market power (λd) makes the marginal revenue
curve steeper, i.e., less elastic, and thereby makes the demand curve faced by upstream firms steeper
as well. Hence, DM is steeper than DL in Figure 1. When upstream firms face a less elastic demand
curve, a negative supply shock produces a larger increase in their output price, i.e., ∆PM > ∆PL in
Figure 1. This result has important implications for understanding price transmission along the food
supply chain and the role of market power in that transmission, yet it has received limited attention
in the existing literature.

We next turn to result (ii) of proposition 1. Figure 2 illustrates the role of downstream market
power in determining the effect of supply shocks on downstream firms’ output price. An industry
with greater market power faces a steeper downward-sloping marginal revenue curve (M RM ),
implying that each additional unit sold generates less additional revenue than in a less concentrated
industry. In other words, an industry with greater market power has a less elastic marginal revenue
curve. As the marginal revenue curve becomes steeper, the change in equilibrium quantity for
the industry with greater market power (∆QM ) becomes smaller in response to a supply shock.
Consequently, the magnitude of the change in output price (∆PM ) is also smaller when firms possess
more market power.

The intuition behind this result is that firms with market power can adjust their output prices
through markup absorption. Under perfect competition, firms pass through the full extent of a cost
change to output price because price equals marginal cost. Under oligopoly, by contrast, firms with
market power do not fully pass through cost changes, instead reducing their markup to offset the
decline in sales (McCorriston, Morgan, and Rayner 1998). This theoretical prediction is consistent
with Bettendorf and Verboven (2000) and Bonnet et al. (2013), who show that markup absorption
is more important in oligopolistic markets than in competitive markets and that pass-through is
therefore more incomplete under oligopoly.

Proposition 2. Effects of Upstream Firms’ Market Power: Upstream firms’ market power (λu)
reduces the impact of a negative supply shock on (i) the upstream firms’ output price and (ii) the
downstream firms’ output price.
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Figure 1. Impact of Downstream Market Power on Upstream Price

Proof: Applying the same parameter properties established earlier (α1 < 0,τu > 0,τd > 0), we
evaluate the derivatives:

∂ β11

∂λu
=

−τu {(1 + λd ) − α1τd }
2

{(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )}2
< 0,

∂ β5

∂λu
=

−τu {(1 + λd ) − α1τd }

{(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )}2
< 0.

Because the term {(1 + λd ) − α1τd } is strictly positive, the numerators of both derivatives are
negative due to the leading −τu . Therefore, both marginal effects are strictly negative.

For result (i) in proposition 2, when a negative supply shock raises costs, upstream firms with
market power absorb part of the cost increase and pass through only a portion of it to their output
price, whereas firms under perfect competition pass through the full increase.

As a direct consequence of the price transmission mechanisms established in the preceding
propositions, we obtain the following corollary regarding the relative magnitude of price
transmission along the supply chain.

Corollary 1. The effect of a negative supply shock on the downstream firms’ output price is smaller
than its effect on the upstream firms’ output price.

Proof: We compare the transmission coefficients β5 and β11 using their full expressions:

β5 =
τu

{(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )}
< β11 =

τu {(1 + λd ) − α1τd }

{(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )}
.
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Figure 2. Impact of Downstream Market Power on Downstream Price

Since λd ≥ 0 and −α1τd > 0, the term in the braces {(1 + λd ) − α1τd } is strictly greater than 1.
Therefore, the numerator of β11 is strictly larger than the numerator of β5, confirming that β11 > β5.

As shown in proposition 1 once upstream firms’ output price rises in response to a negative supply
shock, downstream firms with market power pass through only part of that cost increase, i.e., only
part of the increase in upstream firms’ output price, to the downstream output price. Thus, the degree
of pass-through from supply shocks is smaller for downstream firms than for upstream firms.

Supply Shocks and Welfare Effects

Given the equilibrium prices and output derived above, we define the economic surplus measures for
upstream producer surplus (PSu), downstream producer surplus (PSd), and consumer surplus (CS)
as follows:

PSu (X ) = pu (X )Q(X ) −
[
(βu + γuW )(Q(X ) + X ) +

τu
2

(Q(X ) + X )2
]
,(11)

PSd (X ) =
(
pd (X ) − pu (X )

)
Q(X ) −

[
(βd + γdR)Q(X ) +

τd
2

Q(X )2
]
,(12)

CS(X ) =
Q(X )2

−2α1
.(13)
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Using the equilibrium expressions derived above, the marginal effects of a negative supply shock
on these welfare measures can be written as3

dPSu
dX

= Q β11(1 − λu ) − cu (Q + X ) < 0,(14)

dPSd
dX

=
Qτu (α1τd − 2λd )

(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )
< 0,(15)

dCS
dX

=
Q β1τu
−α1

< 0.(16)

all three welfare measures exhibit a strict decline in response to a negative supply shock.

Proposition 3. Effects of Market Power on Upstream Welfare Transmission: (i) Downstream firms’
market power (λd) mitigates the negative welfare impact on upstream firms following a negative
supply shock. (ii) Upstream firms’ market power (λu) magnifies the negative welfare impact on
upstream firms.

Proof: Consider first the effect of downstream market power. Differentiating the marginal welfare
effect with respect to λd yields:

∂

∂λd

(
dPSu
dX

)
=

∂

∂λd

[
Q β11(1 − λu )

]
− τu

∂Q
∂λd

=
2Qτu

[(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )]2 {λu (1 + λu )[(1 + λd ) − α1τd] − α1τu } .

The denominator is strictly positive because it is squared. Given the parameter properties Q > 0,
τu > 0, and λu ≥ 0, the sign of the entire expression depends on the term inside the braces. Since
α1 < 0 and τd > 0, the term [(1 + λd ) − α1τd] is strictly positive. Furthermore, since −α1τu > 0, the
term inside the braces is strictly positive. Thus, the overall marginal effect is strictly positive:

∂

∂λd

(
dPSu
dX

)
> 0.

Next, consider the effect of upstream market power. Applying the product rule to differentiate
the marginal welfare effect with respect to λu yields:

∂

∂λu

(
dPSu
dX

)
=

∂

∂λu

[
Q β11(1 − λu )

]
− τu

∂Q
∂λu

= (1 − λu )
∂(Q β11)
∂λu

−Q β11 − τu
∂Q
∂λu

.

To explicitly evaluate the last term of this expression, we first differentiate the equilibrium
quantity Q with respect to λu :

∂Q
∂λu

= −Q
[

(1 + λd ) − α1τd
(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )

]
.

Multiplying this derivative by −τu results in:

−τu
∂Q
∂λu

= Q
[

τu {(1 + λd ) − α1τd }

(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )

]
= Q β11.

3 The detailed derivation is provided in Appendix .
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This result effectively cancels the negative term (−Q β11) arising from the initial product rule.
Consequently, the expression simplifies to a more tractable form:

∂

∂λu

(
dPSu
dX

)
= (1 − λu )

∂(Q β11)
∂λu

.

Applying the product rule again for ∂(Qβ11)
∂λu

and substituting the respective partial derivatives
yields the final analytical result:

∂

∂λu

(
dPSu
dX

)
= −2Q β11

[
(1 − λu )((1 + λd ) − α1τd )

(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )

]
.

When λu ∈ [0,1)4, given other conditions Q > 0, β11 > 0, and (1 + λd ) − α1τd > 0, both the
numerator and denominator in the above bracket are positive. Therefore, we have

∂

∂λu

(
dPSu
dX

)
< 0,

which means that the upstream market power magnifies the welfare loss of upstream firms due to a
supply shock.
For result (i) of proposition 3, downstream market power influences upstream welfare through
distinct, competing channels. While a more concentrated downstream sector magnifies the
responsiveness of upstream prices to supply shocks–thereby expanding the price margin–it
simultaneously restricts equilibrium quantity, which tends to diminish total surplus. The analytical
findings reveal that this positive margin effect remains dominant; the gains from a higher price
response outweigh the losses from volume contraction. Furthermore, the introduction of the
production loss specification reveals a secondary, reinforcing mechanism: the reduced market
quantity (Q) alleviates the upward pressure on the upstream firm’s marginal cost of production.
Collectively, these margin-enhancing and cost-saving effects outweigh the negative impact of
volume loss, ultimately buffering the absolute welfare loss for upstream firms.

In contrast, for result (ii) of proposition 3, upstream market power serves to magnify the firm‘s
own profit loss under a negative supply shock. While the firm strategically absorbs cost increases to
stabilize prices, this price-buffering is overwhelmed by the dramatic contraction in sales volume.
Consequently, the upstream firm‘s total welfare loss strictly increases with its degree of market
power.

Proposition 4. Effects of Market Power on Downstream Welfare Transmission: (i) Downstream
firms’ market power (λd) magnifies the negative welfare impact on downstream firms following
a negative supply shock. (ii) Upstream firms’ market power (λu) mitigates the negative welfare
impact on downstream firms.

Proof: Differentiating equation (15) with respect to λd yields:

∂

∂λd

(
dPSd
dX

)
= −

2Qτu
[
(1 + λu )(1 − λd ) − α1τu

]
[(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )]2 .

The denominator is positive because it is squared. Since Q > 0 and τu > 0, the numerator is
negative due to the leading minus sign. Hence

∂

∂λd

(
dPSd
dX

)
< 0.

4 Since λu = 1 represents the theoretical upper bound of the conduct parameter (pure monopoly), the marginal effect
∂

∂λu
( dPSu

dX ) is evaluated within the interior of the parameter space, λu ∈ [0, 1), as market power cannot increase beyond
this limit.
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Next consider upstream market power:

∂

∂λu

(
dPSd
dX

)
=

2Qτu
[
(1 + λd ) − α1τd

] (
2λd − α1τd

)
[(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )]2 .

The denominator is again positive. Because Q > 0 and τu > 0, and both

(1 + λd ) − α1τd > 0, 2λd − α1τd > 0,

the numerator is positive. Hence
∂

∂λu

(
dPSd
dX

)
> 0.

Intuitively, for result (i) proposition 4, downstream market power exacerbates the firm’s own welfare
loss because more concentrated downstream firms tend to absorb a larger share of the cost increase
rather than passing it through to consumers. This narrowing price margin, coupled with the inevitable
decline in equilibrium quantity, leads to a more severe reduction in downstream profit.

In contrast, for result (ii) of proposition 4, upstream market power serves as a buffer
for downstream firms. As established in Proposition 2, greater upstream power dampens the
responsiveness of input prices to supply shocks. By moderating the marginal cost spike faced by
the downstream sector, upstream market power effectively mitigates the overall welfare damage for
downstream firms.

Proposition 5. Effects of Market Power on Consumer Welfare Transmission: (i) Downstream firms’
market power (λd) mitigates the negative impact on consumer welfare following a negative supply
shock. (ii) Upstream firms’ market power (λu) also mitigates the negative impact on consumer
welfare.
Proof: Differentiating equation (16) with respect to λd :

∂

∂λd

(
dCS
dX

)
=

2Qτu (1 + λu )
[(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )]2 > 0.

Similarly, with respect to λu :

∂

∂λu

(
dCS
dX

)
=

2Qτu
[
(1 + λd ) − α1τd

]
[(1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd )]2 > 0.

The intuition is that market power dampens the quantity response to supply shocks along the
vertical chain. Because consumer surplus depends directly on equilibrium quantity, weaker quantity
responses imply that consumer welfare becomes less sensitive to adverse supply shocks. In this
sense, market power dampens the responsiveness of consumer welfare to supply shocks, leading to
a less sensitive transmission of upstream disruptions to final consumers.

Simulation

To illustrate our theoretical findings, we conduct numerical simulations to examine how upstream
and downstream market power influence the transmission of supply shocks, focusing on the U.S.
fluid milk industry, a market characterized by rising consolidation among both marketing co-
operatives and fluid milk processors. Following Cakir and Balagtas (2012), we model this as a two-
stage industry where upstream dairy farms and co-operatives sell milk to a combined downstream
processing-retailing sector.

Table 1 summarizes the parameters used in the simulations, which are primarily based on the
empirical estimates for the U.S. fluid milk market provided by Cakir and Balagtas (2012). The slope
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Table 1. Calibrated Parameter Summary for Numerical Simulations

Parameter Description Baseline Range varied Sources and notes

Demand Function
α1 Slope of downstream demand −6.8255 - Cakir and Balagtas (2012)
Q0 Monthly per capita consumption

(lbs.)
10.58 - US Department of Agriculture (2025)

Cost Functions
βu Intercept of upstream marginal

cost ($/lb)
0.18 - US Department of Agriculture (2026)

τu Slope of upstream marginal cost 0.0399 - Internally Calibrated
τd Slope of downstream marginal

cost
0.0487 - Internally Calibrated

Supply Shock
X Magnitude of negative

production loss (lbs/capita)
- (0, 15) Assumed

Market Structure
λu Upstream market power conduct

parameter
0.008 {0, 0.5, 1} Cakir and Balagtas (2012)

λd Downstream market power
conduct parameter

0.001 {0, 0.5, 1} Cakir and Balagtas (2012)

Notes: “-” in the Range varied column indicates the parameter is held fixed at its baseline value.

of downstream demand (α1) is set to −6.8255, and the initial baseline quantity (Q0) is 10.58 lbs
per capita, based on the empirical estimates for the U.S. fluid milk market. In alignment with our
structural cost function, the intercept of the upstream marginal cost (βu) is set to $0.18/lb, which
corresponds to the empirical mean of the Class 1 minimum price. The baseline conduct parameters
for upstream and downstream market power (λu and λd) are set to 0.008 and 0.001, respectively. To
explicitly model short-run capacity constraints, we assume a price elasticity of supply equal to 0.286,
consistent with the Hutchins and Hueth (2022). Using this elasticity along with the baseline retail
price ($0.40/lb) and farm price ($0.18/lb), the slopes of the marginal cost curves for the upstream
(τu) and downstream (τd) sectors are calibrated to 0.0399 and 0.0487, respectively. Finally, the
magnitude of the negative supply shock (X) is evaluated over a range from 0 to 10 pounds per capita
to capture the full spectrum of potential disruptions relative to the baseline market scale.

Figure 3 illustrates the transmission of a negative supply shock (X) to the equilibrium upstream
price (∆pu). Panel (a) indicates that upstream market power (λu) mitigates this price impact:
under a severe supply disruption (X = 10 lbs/capita), the price increases by $0.47/lb under perfect
competition (λu = 0), compared to an elevation of only $0.26/lb under pure monopoly (λu = 1).
Consistent with proposition 1(ii), these firms absorb a portion of the shock through markup
compression rather than passing the full cost to the subsequent stage. Conversely, Panel (b)
demonstrates that downstream market power (λd) exacerbates the upstream price shock. At X = 10
lbs/capita, the price increase magnifies from approximately $0.46/lb under competitive conditions
(λd = 0) to $0.51/lb under a pure downstream monopoly (λd = 1). While this confirms the theoretical
direction of Proposition 1(i)-that powerful downstream buyers strategically restrict their demand to
amplify the price impact on upstream suppliers-the numerical magnitude of this cross-market effect
is notably marginal.

Figure 4 depicts the response of the downstream retail price (∆pd) to a negative supply shock
(X). Panel (a) reveals the dampening effect of upstream market power (λu): under a severe shock
(X = 10 lbs/capita), the retail price climbs by approximately $0.31/lb under perfect competition
(λu = 0), whereas the increase is constrained to $0.17/lb under pure monopoly (λu = 1). This
indicates that concentrated upstream firms act as a buffer, shielding final consumers from the full
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(a) Varying Upstream Market Power (λu ) (b) Varying Downstream Market Power (λd )

Figure 3. Impact of Supply Shocks on Upstream Price under Market Power
Notes: This figure displays the change in equilibrium upstream price (∆pu , $/lb) from the baseline level as a function of
production loss X (lbs/capita) under varying degrees of market power. Panel (a) illustrates the impact of varying upstream
market power (λu ∈ {0, 0.5, 1}) while holding downstream market power constant at its baseline value. Panel (b) depicts the
impact of varying downstream market power (λd ∈ {0, 0.5, 1}) while holding upstream market power constant at its baseline
value.

(a) Varying Upstream Market Power (λu ) (b) Varying Downstream Market Power (λd )

Figure 4. Impact of Supply Shocks on Downstream Price under Market Power
Notes: This figure displays the change in equilibrium downstream price (∆pd , $/lb) from the baseline level as a function of
production loss X (lbs/capita) under varying degrees of market power. Panel (a) illustrates the impact of varying upstream
market power (λu ∈ {0, 0.5, 1}) while holding downstream market power constant at its baseline value. Panel (b) depicts the
impact of varying downstream market power (λd ∈ {0, 0.5, 1}) while holding upstream market power constant at its baseline
value.

magnitude of the disruption. Panel (b) mirrors this buffering effect for downstream market power
(λd). At X = 10 lbs/capita, the price elevation is similarly restricted, dropping from $0.31/lb under
a competitive downstream sector (λd = 0) to $0.20/lb when downstream firms exercise pure market
power (λd = 1). Together, these panels confirm the incomplete pass-through mechanism: imperfectly
competitive firms at either vertical stage compress their markups to absorb cost shocks, thereby
restricting price increases for consumers.

Figure 5 reports the magnitude of the negative impact on aggregate upstream profits (∆PSu) in
billion USD following a negative supply shock (X). Panel (a) illustrates that upstream market power
(λu) exacerbates its own negative impact. Under a severe shock (X = 10 lbs/capita), the upstream
profits experience a negative impact of approximately $2.00 billion under perfect competition (λu =
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(a) Varying Upstream Market Power (λu ) (b) Varying Downstream Market Power (λd )

Figure 5. Negative Impact of Supply Shocks on Upstream Profits under Market Power
Notes: This figure displays the magnitude of the negative impact on aggregate upstream profits (∆PSu , Billion USD) from
the baseline level as a function of production loss X (lbs/capita) under varying degrees of market power. Panel (a) illustrates
the impact of varying upstream market power (λu ∈ {0, 0.5, 1}) while holding downstream market power constant at its
baseline value. Panel (b) depicts the impact of varying downstream market power (λd ∈ {0, 0.5, 1}) while holding upstream
market power constant at its baseline value.

0), in contrast to a substantially larger negative impact of $3.56 billion under pure monopoly (λu =

1). Conversely, Panel (b) exhibits the buffering effect of downstream market power (λd). At X = 10
lbs/capita, the negative impact on upstream profits is reduced from approximately $2.02 billion
under a competitive downstream sector (λd = 0) to $1.89 billion under a pure downstream monopoly
(λd = 1). Although this outcome theoretically validates the strategic demand restriction mechanism,
it is critical to note that the absolute magnitude of this cross-market effect is practically negligible.

Figure 6 displays the magnitude of the negative impact on aggregate downstream profits (∆PSd)
in billion USD. Panel (a) demonstrates that upstream market power (λu) cushions the negative
impact on downstream profits: under a severe shock (X = 10 lbs/capita), the downstream profits
experience a negative impact of $0.49 billion under perfect competition (λu = 0), compared to a
mitigated impact of $0.29 billion under pure monopoly (λu = 1). Conversely, Panel (b) reveals
the self-inflicted damage of downstream market power (λd). At X = 10 lbs/capita, the negative
impact on downstream profits expands significantly from $0.48 billion under competitive conditions
(λd = 0) to $1.66 billion under pure downstream market power (λd = 1).

Figure ?? portrays the magnitude of the negative impact on aggregate consumer welfare (∆CS) in
billion USD. Panel (a) outlines the protective effect of upstream market power (λu): under a severe
shock (X = 10 lbs/capita), the negative impact on consumer welfare is contained to $0.58 billion
under pure monopoly (λu = 1), relative to a more severe impact of approximately $0.98 billion
under perfect competition (λu = 0). Similarly, Panel (b) shows that downstream market power (λd)
restricts this negative impact, reducing it from $0.98 billion in a competitive market (λd = 0) to
$0.66 billion under pure monopoly (λd = 1).

Conclusions

The increasing susceptibility of global food supply chains to shocks, driven by climate volatility
and geopolitical instability, necessitates a rigorous evaluation of how price transmission repartitions
economic surplus. This paper has evaluated these impacts by utilizing a successive oligopoly model
to assess how market competition across different vertical stages determines equilibrium outcomes
during supply shocks.



JA
RE

Prep
rin

t

Kim, Xia, and Pendell Supply Shocks in Successive Oligopoly 15

(a) Varying Upstream Market Power (λu ) (b) Varying Downstream Market Power (λd )

Figure 6. Negative Impact of Supply Shocks on Downstream Profits under Market Power
Notes: This figure displays the magnitude of the negative impact on aggregate downstream profits (∆PSd , Billion USD)
from the baseline level as a function of production loss X (lbs/capita) under varying degrees of market power. Panel (a)
illustrates the impact of varying upstream market power (λu ∈ {0, 0.5, 1}) while holding downstream market power constant
at its baseline value. Panel (b) depicts the impact of varying downstream market power (λd ∈ {0, 0.5, 1}) while holding
upstream market power constant at its baseline value.

(a) Varying Upstream Market Power (λu ) (b) Varying Downstream Market Power (λd )

Figure 7. Negative Impact of Supply Shocks on Consumer Welfare under Market Power
Notes: This figure displays the magnitude of the negative impact on aggregate consumer welfare (∆CS, Billion USD) from
the baseline level as a function of production loss X (lbs/capita) under varying degrees of market power. Panel (a) illustrates
the impact of varying upstream market power (λu ∈ {0, 0.5, 1}) while holding downstream market power constant at its
baseline value. Panel (b) depicts the impact of varying downstream market power (λd ∈ {0, 0.5, 1}) while holding upstream
market power constant at its baseline value.

Regarding the incidence of a supply shock, although all market participants suffer economic
welfare losses, market power plays an important role in determining the magnitudes of those losses,
and the distribution of welfare losses is highly asymmetric. We discover a new buffering effect of
market power on the adjacent stage of the supply chain; that is, market power at one stage mitigates
the negative impacts due to a supply shock on the adjacent sector. Upstream market power serves as
a buffer for the downstream sector, restricting the negative impact on downstream firm profits. In a
similar manner, downstream market power provides a buffering effect against the negative impact
on upstream profits by restricting equilibrium demand. Finally, this buffering mechanism extends to
final consumers. The negative impact of supply shocks on consumer welfare is smaller in imperfectly
competitive scenarios than under perfect competition.
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This buffering effect of market power has important policy implications. Policies designed to
relieve the harmful impact of a supply shock on one stage of the supply chain need to be based on
not only the market competition in this stage but also the buffering effects from the adjacent stages.
For example, if policymakers would like to help consumers during a period of food price inflation
due to the cost increases of oil and other inputs, they need to consider both the market competition in
food retail markets and the buffering effect from the associated wholesale markets to design efficient
policies.

Our model yields another interesting finding on how downstream market power affect the
magnitude of the upstream output price increase due to a supply shock. When the downstream
firms have more market power, their marginal revenue curves are steeper, which implies a steeper
derived demand curve faced by upstream firms. This steeper derived demand curve results in a larger
upstream price increase in response to a supply shock. This finding is relevant to and helpful for a
more general policy issue, designing and implementing policies to address market power along food
supply chains and promote consumer and producer welfare.

[First submitted April 2026; accepted for publication September 2026.]
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Appendix A: Mathematical Derivations

Derivation of the equilibrium downstream and upstream firms’ output price

We provide the derivation of the equilibrium downstream firms and upstream firms’ output price.
We first equate the upstream sector’s perceived marginal revenue–derived from the rearranged
downstream demand–with the upstream marginal cost curve, which shifts to the left due to a supply
shock, as follows:

h(Q) + λdh′(Q)Q − βd − τdQ − γdR + λu[(h′(Q) − τd )Q + λdh′′(Q)Q2 + λdh′(Q)Q]

= βu + γuW + τu (Q + X )

(A1)

h(Q), h′(Q), and h′′(Q) are replaced with −α0
α1

+ 1
α1

Q − α2
α1

Y, 1
α1

, and 0, respectively:

−
α0

α1
+

1
α1

Q −
α2

α1
Y +

λd
α1

Q − βd − τdQ − γdR + λu

[(
1
α1
− τd +

λd
α1

)
Q

]

= βu + γuW + τu (Q + X )

(A2)

We rearrange equation (A2) to solve for the equilibrium output after supply shocks, Q∗:

Q∗ =
α1

(1 + λu )(1 + λd ) − α1(τu + (1 + λu )τd )

[
α0

α1

]

+
α1

(1 + λu )(1 + λd ) − α1(τu + (1 + λu )τd )

[
α2Y
α1

]

+
α1

(1 + λu )(1 + λd ) − α1(τu + (1 + λu )τd )
[
βd + γdR + βu + γuW

]
+

α1

(1 + λu )(1 + λd ) − α1(τu + (1 + λu )τd )
[τuX] .

(A3)

Given Q = α0 + α1pd + α2Y, we solve for pd :

(A4) pd = β2 + β3Y + β4[βd + γdR + βu + γuW] + β5X.

Additionally, the upstream firms’ inverse derived demand can be rewritten as:

(A5) pu = −
α0

α1
+

1
α1

Q −
α2

α1
Y + λd

1
α1

Q − βd − γdR − τdQ.

At the equilibrium output after the supply shock, Q∗, given in equation (A3), the equilibrium
upstream firms’ output price is obtained:

(A6) pu = β7 + β8Y + β9[βd + γdR] + β10[βu + γuW] + β11X.

Derivation of the marginal welfare effects and sign determination

We provide the detailed derivation of the marginal effects of a negative supply shock (X) on welfare
measures, corresponding to equations (14), (15), and (16) in the main text. To simplify notation, let
D = (1 + λd )(1 + λu ) − α1(τu + (1 + λu )τd ) > 0.
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Upstream Producer Surplus (∆PSu)

Differentiating the upstream producer surplus defined in equation (14) with respect to X yields:

dPSu
dX

=
dpu

dX
Q + pu

dQ
dX
−

[
cu (Q + X )

dQ
dX

+ cu (Q + X )
]

=
dpu

dX
Q +

dQ
dX

[
pu − cu (Q + X )

]
− cu (Q + X ),(A7)

where cu (Q + X ) = βu + γuW + τu (Q + X ). Substituting the equilibrium markup pu − cu (Q +

X ) = −
λuQ
α1

[(1 + λd ) − α1τd] and the comparative static results dpu

dX = β11 and dQ
dX = α1 β5 into (A7)

gives:

dPSu
dX

= β11Q − λuQ β5 [(1 + λd ) − α1τd]︸                     ︷︷                     ︸
=β11

−cu (Q + X )

= Q β11(1 − λu ) −
[
βu + γuW + τuQ + τuX

]
= Q

[
β11(1 − λu ) − τu

]︸                   ︷︷                   ︸− (βu + γuW + τuX )︸                   ︷︷                   ︸ .(A8)

To determine the sign of (A8), we substitute the definition of β11 =
τu {(1+λd )−α1τd }

D into the first
bracketed term:

β11(1 − λu ) − τu =
τu (1 − λu )(1 + λd − α1τd ) − τuD

D

=
τu
D

[−2λu (1 + λd − α1τd ) + α1τu] .(A9)

Given that α1 < 0 and the market power parameters λu ,λd ∈ [0,1], the denominator D is strictly
positive while the numerator in (A9) is strictly negative, confirming that β11(1 − λu ) − τu < 0. Since
the remaining expression in (A8), (βu + γuW + τuX ), is posivite, the entire expression for dPSu/dX
is strictly negative.

Downstream Producer Surplus (∆PSd)

Differentiating the downstream producer surplus in equation (15) with respect to X yields:

dPSd
dX

=

(
dpd

dX
−

dpu

dX

)
Q + (pd − pu )

dQ
dX
−

[
(βd + γdR + τdQ)

dQ
dX

]

= (β5 − β11)Q +
dQ
dX

[
pd − pu − (βd + γdR + τdQ)

]︸                                    ︷︷                                    ︸
Downstream Markup: pd−pu−cd

(A10)

From the downstream supply relation in equation (3), the markup is pd − pu − cd = −λd
1
α1

Q.

Substituting this and dQ
dX = α1 β5 into (A10):

dPSd
dX

= (β5 − β11)Q + (α1 β5)
(
−
λd
α1

Q
)

= Q
[
β5(1 − λd ) − β11

]
=

Qτu
D

[(1 − λd ) − ((1 + λd ) − α1τd )] =
Qτu (α1τd − 2λd )

D
(A11)

Since α1 < 0 and λd ≥ 0, the numerator is strictly negative, hence dPSd

dX < 0.
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Consumer Surplus (∆CS)

Differentiating the consumer surplus in equation (16) with respect to X using the chain rule gives:

(A12)
dCS
dX

=
2Q
−2α1

dQ
dX

=
Q
−α1

(α1 β5) = −Q β5 = −
Qτu
D

Since Q,τu ,D > 0, it strictly follows that dCS
dX < 0.
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