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Abstract

I study a model of production network formation and use this model to analyze the effect on aggregate

output of a firm losing access to an input. I find that, contrary to economic intuition and alternative

model results, when a supply line is removed, aggregate output may increase rather than decrease. I

solve the model computationally and simulate it to characterize the types of networks that lead to this

increase in output. I find that this is more likely when the re-formed production network is relatively

interconnected and when the firm that loses access to its input has more alternatives to choose from. This

paper identifies circumstances under which it is more likely that aggregate output increases rather than

decreases in the face of a supply chain disruption. This can inform the methods used by researchers and

help policy makers identify supply chain disruptions that represent opportunities for economic growth.
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1 Introduction

When supply chains are disrupted, they must re-form. When this happens, firms face a new set of circum-

stances and often make different choices than they did before the disruption. This can lead to sharp changes

in the total amount produced by all of the firms in the economy. While it may seem intuitive that the

disruption of a supply chain should only lead to a decrease in aggregate output, I show in this paper that

this may not be the case and identify characteristics of the production environment that make it more likely

that output increases. As supply chain disruptions become more common and more globally relevant,1 it

∗Assistant Professor of Economics, St. Olaf College, Northfield, MN 55057. Dr. Luedtke can be reached by email at

luedtk2@stolaf.edu.
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1When Hurricane Harvey hit the Gulf Coast of Texas in 2017, the oil refineries located there were shut down, forcing

American oil manufacturers to switch to refineries elsewhere in the US. [17] In 2018, Toyota factories in the United States

were forced to temporarily halt production because an earthquake in Japan had damaged factories there that produce parts

needed in the American factories. [8] Early in the coronavirus pandemic in 2020, meat packing plants were closed, preventing

restaurants and grocery stores from obtaining meat, especially beef and pork. As a result of this, restaurants were forced to

redesign their menus. [16]
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is critical to better understand the behavior of endogenous production network formation and its effect on

output.

I use a model of production network formation in which firms choose from a set of available input suppliers,

forming an equilibrium network to study the effect of a shock to the available suppliers. I investigate the

effect on aggregate output when a particular supply line is broken, i.e., when an input supplier is no longer

available to a firm. I find that, in contrast to results of models in which all firms do not have the opportunity

to make new decisions, aggregate output does not always fall when a firm loses access to an input. The

total output produced by the network may, in fact, increase. I show this analytically and then solve the

model computationally to identify characteristics of production environments that make this counter intuitive

outcome more likely.

In this model of production network formation, firms simultaneously choose input suppliers from amongst

the other firms. These input choices form the links of the equilibrium production network. Firms’ input

decisions affect their costs, profits, and the prices that they charge other firms. As a result, each firm’s

input choice affects other firms’ input choices, as well. The production environment defines a set of possible

equilibrium networks. For computational reasons, I restrict the production environments considered in the

model to those in which each firm chooses only one supplier. While this is not the case in practice, observed

input-output tables suggest that, at least at the sectoral level, the average in-degree is small. [7] Each

possible equilibrium network defines a profit maximization problem for each firm. Firms choose their input

suppliers based on the profits that result from these maximization problems. Specifically, I find the pairwise-

stable equilibrium network that produces the largest aggregate output for a given production environment.

A pairwise-stable network is a network in which only mutually beneficial buyer-supplier relationships exist

in the equilibrium network. This is a standard definition of an equilibrium network used in the literature.

[13, 12, 15, 11] The amount that each firm produces depends on their input choices and the input choices of

the other firms, so each possible equilibrium network produces a different level of aggregate output.

I show that when a pairwise-stable equilibrium production network re-forms after a supply line breaks

(a link in the network is removed), the output produced by the network may increase. This occurs because,

when the supply line is removed, it changes the choice environment for all of the firms in the network.

In a pairwise-stable equilibrium production network, the firms do not internalize the overall increases and

decreases in output. They make decisions based only on their own profits. Specifically, output increases

when the supply line that is removed was the only available deviation preventing a new network from being

an equilibrium. When that link is deleted, the resulting equilibrium network may have higher output. This

occurs when one buyer-supplier pair is made better off at the expense of lower output in the economy as a

whole. When this buyer-supplier relationship is no longer possible, the higher-output network is now stable

to all available deviations and therefore an equilibrium. This result is distinct from models in which the

network is not allowed to re-form or in which a limited set of firms are allowed to change their input choices

when an individual firm loses its input.

To better understand these theoretical results, I present a specific example of the general model and I

solve the model computationally. I simulate the model for many randomly generated sets of input options

and the results of these simulations suggest network characteristics which are correlated with the event that

output increases when an supply line is removed. The results indicate that, while the probability of output

increasing is small (about 10%), the probability that output increases is higher when the production network

is less connected before the supply line is removed and more connected after the supply line is removed.
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These results are in line with existing research that indicates that network structure affects aggregate output

(for example, Acemoglu and Azar (2020) [1]), but expands the results in this area to show that production

networks do not always affect aggregate output in an intuitive way.

In addition to investigating the role of the connectivity of the network as a whole, I also investigate the role

of the centrality of the individual firm that loses its input supplier. The results of the simulation indicate that

aggregate output is more likely to increase when the firm that loses its input has more alternative suppliers

from which to choose a new input. The increase in output is also more likely when the firm has relatively

few customers before the input is removed and relatively many customers after the input is removed. These

results taken together indicate that output is more likely to increase after an input is removed when the

production economy is less interconnected before the input is removed and more interconnected after the

input is removed. The intuition is this: more interconnectedness is a sign of a healthy production economy.

When a production network starts out relatively disconnected, it has room for improvement. If it becomes

relatively interconnected after the change in inputs, it is more likely that output improves.2

This paper contributes to the growing literature on the fragility of production networks and their effect on

output. Elliot, Golub, and Leduc (2022) show that in a model of endogenous network formation, aggregate

output is sensitive to small aggregate shocks to the economy. [9] I show that aggregate output is also sensitive

to small microeconomic shocks to input options in which only one firm in the economy faces a shock. Oberfield

(2018) describes a model of endogenous production network formation in which a continuous mass of firms

form an equilibrium network that is stable to deviations by any group of firms. [15] This paper describes a

special case of the model described in Oberfield (2018) in which the set of firms is finite. The finiteness of

the set of firms create the opportunity to solve specific parameterizations of the production model and find

the associated equilibrium networks. While Oberfield (2018) uses the model to characterize the emergence

of star suppliers and how this affects aggregate output, the focus of this paper is instead on the application

of the removal of a supply line. On the other hand, Taschereau-Dumouchel (2022) explores a network with

a finite set of firms, but in which the entry and exit decisions of firms drive the network structure, rather

than changes to firms’ input decisions. [18] Many authors analyze how production network structure relates

to output. 3 Like these papers, I analyze how firms’ connections affect output, but this paper differs in that

it considers how firms behave when an input choice is no longer available and the network must re-form.4

Disruptions to supply chains affect all sectors of the economy and can reach all the way around the world.

It is important to better understand how these disruptions will affect - among other things - aggregate output.

In order to accomplish this, it is critical to take into account the re-formation of the production network

and to understand the implications of the formation process. Without doing so may produce not just

quantitatively incorrect results, but qualitatively incorrect results, as well. The aggregate output produced

by production networks may behave contrary to existing intuition and theories. This paper provides insight

into this behavior and characterizes production environments in which it is more likely that aggregate output

2While I restrict my focus to pairwise-stable equilibrium networks in this paper, it has been shown that features such as

short path distances survive under other definitions of equilibrium. [10]
3See for example, Acemoglu et al. (2020), Carvalho and Voigtländer (2014), Acemoglu et al. (2012) and Billand et al.

(2019)[1] [6] [2] [5].
4Endogenous network formation models have been used to analyze other important aggregate outcomes. Kurosaka (2020)

and Allouch and King (2019) study how network structure contributes to the provision of public goods, rather than aggregate

output. [14] [3] Battaglini et al. (2021) study how the endogenous formation of social links among legislators determine

legislative productivity in the US Congress. [4]
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will increase when a supply line breaks. This information can contribute to better policies and firm decisions

in the face of increasing supply chain uncertainty. A better understanding of the types of production

environments that could lead to increases in output may allow policy makers to identify which supply chain

disruptions represent likely decreases in aggregate output and those that represent opportunities for economic

growth.

2 Model

Consider a set J containing n firms. These firms are connected to one another by supply relationships. Each

firm produces a unique good and chooses an input from the set of goods produced by the other firms. Let

Sj ⊆ J be the set of input goods that firm j can use in its production process, called the input set for firm

j. In equilibrium, there is a link from a firm, i, to a firm, j, if firm j uses firm i’s input to make its product.

The links between firms form a production network. For ease of exposition, I restrict the focus of this

paper to networks in which each firm chooses exactly one input. Therefore, I consider only networks such

that each node has an in-degree of 1.5

Definition 2.1. A feasible network is any network consisting of n nodes and n links, such that the in-degree

of each node is 1. Label the set of such networks F .

For a given set of firms, the set of feasible networks is determined by the input sets of all of the firms.

A feasible network is constructed by choosing one item from Sj for each firm j. Therefore, the number of

feasible networks will be
∏
j∈J |Sj |. For example, if each firm is able to use the product made by every other

firm in production (i.e., Sj = J \ {j} for each firm j) then the number of feasible networks is (n− 1)n.

Let there be a function that maps each feasible network to a set of profits, one for each firm. For each

feasible network, N ∈ F , label the set of profits for each firm {πj}Nj∈J . I make no assumptions about the

utility generating process here because none are necessary for the primary results. However, I specify a profit

maximization problem for each firm in each network in the Section 4.

Let the total output produced by a network, N , be denoted, Y N . Let this output be a strictly increasing,

continuous function of the vector of each firm’s profit in network N , πN

A pairwise-stable equilibrium network, N∗, is a network such that no buyer-supplier pair of firms - between

which no link exists in N∗ - could both see higher profits by switching to the alternative network Ñ in which

there is a link between those two firms. [12] The following figure depicts a network, N3, that is not pairwise

stable. The profits that each firm earns in each network are written above and below the nodes representing

each firm. Firms 2 and 3 both see higher profits in the alternative network, N4, therefore Firms 2 and 3

have a profitable deviation from N3 and therefore N3 is not pairwise stable.

5Note that this assumption does not have any implications for the out-degree of a given node.
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Figure 1: N3 is not Pairwise-Stable
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Figure Note: In this figure, network N3 is not pairwise-stable.

A given potential network may have multiple pairwise-stable equilibrium networks. Label the set of

feasible networks that are pairwise stable, F∗. Each such pairwise-stable network produces a unique level of

aggregate output.

Definition 2.2. The highest-output pairwise-stable equilibrium network (HOPS equilibrium network), is the

pairwise-stable network with the largest aggregate output.

NHOPS = argmaxN∈F∗{Y N}

Label the output produced by this network Y HOPS.

This refinement of pairwise stability defines a unique equilibrium network for any set of firms, their

respective input sets, and their respective profits.

3 Network Re-Formation and Output Changes

Let there be a link from firm i to firm j in the HOPS equilibrium network. Suppose that this link is removed

from Sj , i.e., firm j can no longer use firm i’s product in its production process. A new equilibrium network

must form as a result of this change. The removal of this link from the option set necessarily shrinks the set of

feasible networks and may change the set of pairwise-stable equilibrium networks and the HOPS equilibrium

network. Let F̂ be the set of feasible networks after this link is removed from the potential network. This is

a strict subset of F because an item has been removed from the input set of firm j, Sj . As a result of this

change in the set of feasible networks, the set of pairwise-stable equilibrium networks may change. In fact,

it may include feasible networks that were not pairwise stable before the link was removed because the set

of deviations that must be considered has changed. This new set of pairwise-stable networks may include a

new HOPS equilibrium network with a higher output level than the original HOPS network did.

Condition 3.1. Let N∗ be the the HOPS network of some set of feasible networks, F . Additionally, let

there be a link from firm i to firm j in N∗.
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Condition 3.2. Let there exist another network, N̂ , in the set of feasible networks, F , with the following

characteristics:

1. Firm i is not the supplier for firm j.

2. There exists for firms i and j a profitable deviation to another network, Ñ , from N̂ , in which i is a

supplier for j. That is, πÑi > πN̂i or πÑj > πN̂j .

3. There exist no other profitable deviations from this network to any other networks for any other buyer

supplier pairs.

That is, N̂ would be pairwise-stable if it were not for this one profitable deviation between firms i and j.

Condition 3.3. Let the aggregate output produced by N̂ is larger than that produced by N∗. That is,

Y N̂ > Y N
∗
.

It must be the case that either firm i or firm j (or both) see a drop in their profits as a result of this

change to the set of input options. However, the other firms may see a large enough increase in their profits

that the aggregate output measure increases, despite the drop due to firms i and j.

Theorem 3.4. Under conditions 3.1, 3.2, and 3.3, if firm i is removed from the set of firm j’s input options

- the link from i to j is removed - the network N̂ will be the new HOPS network with a larger total output

than the previous HOPS network, N∗.

Proof. If firm i is no longer an input option for firm j, then the deviation specified in Condition 3.2 is no

longer an option. Because of the first element of Condition 3.2, the network N̂ is in the new set of feasible

networks F̂ . As a result of the second element of Condition 3.2, there are now no profitable deviations from

N̂ for any buyer-supplier pairs. Therefore, N̂ is pairwise stable. As a result of Condition 3.3, there is now

a pairwise-stable network in the new feasible set F̂ with a larger output than the previous HOPS network.

Thus, the aggregate output produced by the new HOPS network is larger than that of the HOPS network

before the link was removed.

In the next section, I provide a specific example of the model described here and simulate the model to

provide insight into the network characteristics that make this increase in aggregate output more likely.

4 Example and Simulations

In this section, I describe a specific utility generation process, show that aggregate output may increase

under reasonable function forms, and simulate the model to analyze the network characteristics that make

this increase in aggregate output more likely to occur. Specifically, I analyze the relationship between this

likelihood and the overall connectedness of the production network and three firm characteristics - number

of available suppliers, number of firm-customers before the link from firm i to firm j is broken, and number

of firm-customers after this link is broken. Simulations indicate that both firm characteristics and overall

network characteristics play a role in aggregate output increasing.
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4.1 Example

Here I specify a profit maximization problem that generates the firm profits which determine equilibrium

networks, as described in Section 2.

Following notation similar to that in Oberfield (2018), let there be a finite set, J , of firms indexed

j = 1, . . . , n and each firm produces a single distinct good. [15] All of the firms’ output is consumed by

either other firms as inputs or by a representative consumer. The potential network describes all of the

input options available to each firm. In the potential network, there is an edge from node i to node j if

firm j can use firm i’s product as an input. Each edge, e, from i to j has a weight, z(e), which describes

the technological match of that input in firm j’s production. Each input available to firm j, that is, each

edge pointing to j in the potential network, defines a specific production function that depends on the edge

weight, z(e). The amount of firm j’s product that it can produce using the input specified by edge e is

yj =
1

αα(1− α)1−α
z(e)x(e)αl1−αj

where x(e) is the amount of the input that firm j uses and lj is the amount of labor that firm j uses. The

parameter, α, is common across all of the firms and input options.

Let y0j be the amount of yj that is consumed by the representative consumer. The representative consumer

has preferences over the goods produced by the firms in J ,

U(y1, . . . , y|J|) =
(∑
j∈J

(y0j )
ε−1
ε

) ε
ε−1

and she supplies L units of labor, inelastically.

Firms set prices for the portion of their output consumed by the representative consumer and the portion

consumed by each of their network customers - the other firms which use their good as an input. Label the

price of that the consumer pays for each unit of j’s product p0j . For each network customer of firm j, assume

that j charges a per-unit price equal to their marginal cost. That is, j sets p(e)e∈D̂j , for each D̂j defined by

each N ∈ N such that p(e) = MCj . As a result of this, the per-unit price that j charges is a function of the

marginal cost of the input supplier used by firm j, p(e) = MCj = 1
z(ej)

MCs(ej)w
1−α, where w is the price

of labor to all firms. Similarly, the price charged by that supplier is a function of the marginal cost of their

supplier, and so on.

When exactly one edge is pointing to each firm, there are only two possible network shapes that can

make up each connected component of the entire network. These are cycles with branches. A cycle is a set of

nodes such that the in-degree and out-degree of each node are both exactly one. A branch is a set of nodes

such that the in-degree of each node is one but the out-degree is unrestricted. Any connected component

must contain exactly one cycle, and any branch in that connected component must have its root on the

cycle.6 Because the price charged by each firm can be written in terms of the supplier’s marginal cost, all of

these prices can be calculated using only the network structure and z(ej)’s. See the Appendix for a detailed

explanation of the price calculations.

With these prices taken as given, the profit maximization problem each firm j solves is

max
p0
j
,y0
j
,x(ej),lj

p0jy
0
j +

∑
e∈D̂j

p(e)x(e)− p(ej)x(ej)− wlj

6If it had no cycle then there would exist one node with no supplier, and if there was more than one cycle then there would

exist some node with more than one supplier.
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s.t.

y0j +
∑
e∈D̂j

x(e) ≤ 1

αα(1− α)1−α
z(ej)x(ej)

αl1−αj .

Each N ∈ F defines a different profit maximization problem for each firm and the solutions to these

maximization problems produce a set of profits for each firm in each feasible network.

Using the parameterization described in the Appendix, the following figure depicts an example in which

removing an input option leads to larger aggregate output. Figure 2(a) depicts the set of firms and their

available input sets, as well as their pairwise match parameters, as edge weights. The HOPS network for

this set of firms is depicted in panel (b). When firm 4’s product is no longer an available input option for

firm 1, the new HOPS equilibrium network - depicted in panel (c) - produces a higher aggregate output.

Figure 2: Output increases when the edge from firm 4 to firm 1 is deleted.
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Figure Note: This figure shows an example of output increasing after a link is broken.
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This result is distinct from those that arise in a model in which all firms do not have the opportunity to

re-optimize. Without allowing for the endogenous re-formation of the production network, we might expect

the new network to be the same as the old network with only one change: the firm that lost its input chooses

its next lowest marginal cost input. However, such a new network is not necessarily an equilibrium. See

Figure 3 for an example. Figure 3 (a) shows the potential network and Figure 3 (b) shows a pairwise-stable

equilibrium network. If the link from firm 2 to firm 1 is deleted and the other edges are held fixed, while

firm 1 chooses the lowest marginal cost supplier available to it - firm 4 - then the network will be as shown

in Figure 3 (c). However, this network is not pairwise stable.

Figure 3: Deleting an edge and holding the other edges fixed is not necessarily an equilibrium
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Figure Note:This figure shows an example of a network that is not allowed to entirely re-form endogenously is not an

equilibrium.
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When production networks re-form in the face of new circumstances, it is important to use a model that

allows all firms to re-optimize.

4.2 Simulation Results

I simulate this model to understand what network characteristics play a role in aggregate output, and in par-

ticular what characteristics play a role in an increase in output when a link is broken. I do this by generating

potential production networks and then, for each, finding the highest-output pairwise-stable equilibrium. I

create the potential network by drawing a number of possible input suppliers for each firm from a Poisson(3)

distribution. The identity of each supplier is drawn uniformly with replacement from the other firms. The

productivity parameter, z(e), for each link e is drawn from a Pareto(0.2,−1.8) distribution. See the Ap-

pendix for the details of the parameterization of the model used in this simulation. This parameterization

is motivated by the Carvalho (2012) survey on Input-Output analysis. [7] This simulation consisted of the

creation of 1, 000 potential networks, each of which consisted of five firms. Enough simulation repetitions

were conducted to ensure statistical significance of as many of the coefficient estimates as possible; exceptions

are noted below. In 554 of these potential networks, a HOPS network is found both before and after the link

is broken.

This simulation process builds a random sample of potential production networks with five firms from the

universe of potential production networks consisting of five firms. The number of available input suppliers,

the identities of the input suppliers, and the pairwise match values (edge weights) are created using a Sobol

Set quasi-random number generator.

I investigate the role that network connectivity and firm centrality play in the probability that output

increases after a supply line is removed from the production network. To understand the role of network

connectivity, I consider the average shortest path distance of the potential network (firms and their input

sets), the original HOPS network, and the new HOPS network that results after the link is broken. I also

include characteristics of j∗, the buyer that loses access to its supplier. Specifically, I consider the number

of suppliers available to j∗ in the potential production network (the size of j∗’s input set), the number of

firms that buy j∗’s product in the original HOPS network (j∗’s original customers), and the number of

firms that buy j∗’s product in the new HOPS network (j∗’s new customers). These six characteristics are

the explanatory variables in a binary Logistic regression for which the dependent variable is the probability

that output increased after the link is broken. The coefficients on each of these explanatory variables, their

standard errors, and their marginal effects are reported in Table 1.

Table 1: Logit Regression Results

Characteristic Coeff. SE ME

Potential Network Average Shortest Path Distance −0.2643 0.5949 −0.0280

Original Equilibrium Average Shortest Path Distance 0.6338 0.1466 0.0671

New Equilibrium Average Shortest Path Distance −0.2457 0.1713 −0.0260

Number of Possible Suppliers 0.0686 0.0937 0.0073

Original Number of Customers −0.2993 0.0873 −0.0317

New Number of Customers 0.2391 0.0839 0.0253
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The results regarding the connectivity of the production network indicate the following. First, the more

connected the potential network is, the higher the likelihood that output will increase after a link is broken.

A one-link increase in the average distance of the potential network is associated with a 2.8 percentage point

decrease in the likelihood that output increases. Second, the less connected the original HOPS network and

the more connected the new HOPS network, the higher the likelihood that output will increase. A one-link

increase in the average distance of the original HOPS network is associated with a 6.71 percentage point

increase in the likelihood that output increases, while a one-link increase in the average distance of the new

HOPS network is associated with a 2.6 percentage point decrease in the likelihood that output increases.

The firm characteristic results indicate the following. First, the more supplier options available to j∗, the

higher the likelihood that output will increase after the link is broken. One more supplier is associated with

a 0.73 percentage point increase in the probability that output increases. Second, the fewer firms buying

from j∗ in the original HOPS network and the more firms buying from j∗ in the new HOPS network, the

higher the likelihood that output increases. One more customer in the original HOPS network is associated

with a 3.17 percentage point decrease in the probability that output will increase, while one more customer

in the new HOPS network is associated with a 2.53 percentage point increase in the probability that output

increases.

5 Conclusion

I apply a model of endogenous production network formation to investigate the effect of a firm losing an

input supplier and find that when this happens the resulting aggregate output can be higher than it was

before the firm lost its supplier. I solve the model computation and simulation results indicate the following.

First, on average, the more connected a production network is, the smaller the decrease in aggregate output

will be when a firm loses an input supplier. Second, on average, the more alternative suppliers that firm

has, the smaller the drop in output will be when that firm loses its input supplier. Finally, it is more likely

output will increase when (1) the firm that loses its supplier goes from having fewer customers before it lost

its supplier to having many customers afterwards and (2) the network as a whole goes from less connected

before this input is removed to more connected afterward this input is removed.

References

[1] Daron Acemoglu and Pablo D. Azar. “Endogenous Production Networks”. en. In: Econometrica 88.1

(2020), pp. 33–82. issn: 1468-0262. doi: 10.3982/ECTA15899. url: https://onlinelibrary.wiley.

com/doi/abs/10.3982/ECTA15899 (visited on 05/11/2020) (Go back).

[2] Daron Acemoglu, Vasco M. Carvalho, Asuman Ozdaglar, and Alireza Tahbaz-Salehi. “The Network

Origins of Aggregate Fluctuations”. en. In: Econometrica 80.5 (2012), pp. 1977–2016. issn: 1468-0262.

doi: 10.3982/ECTA9623. url: https://onlinelibrary.wiley.com/doi/abs/10.3982/ECTA9623

(visited on 05/11/2020) (Go back).

11

https://doi.org/10.3982/ECTA15899
https://onlinelibrary.wiley.com/doi/abs/10.3982/ECTA15899
https://onlinelibrary.wiley.com/doi/abs/10.3982/ECTA15899
https://doi.org/10.3982/ECTA9623
https://onlinelibrary.wiley.com/doi/abs/10.3982/ECTA9623


[3] Nizar Allouch and Maia King. “Constrained public goods in networks”. en. In: Journal of Public

Economic Theory 21.5 (2019), pp. 895–902. issn: 1467-9779. doi: https://doi.org/10.1111/jpet.

12383. url: https://onlinelibrary.wiley.com/doi/abs/10.1111/jpet.12383 (visited on

12/31/2020) (Go back).

[4] Marco Battaglini, Eleonora Patacchini, and Edoardo Rainone. “Endogenous Social Interactions with

Unobserved Networks”. en. In: The Review of Economic Studies 89.4 (2021), pp. 1694–1747. issn:

0034-6527, 1467-937X. doi: 10.1093/restud/rdab058. url: https://academic.oup.com/restud/

article/89/4/1694/6371205 (visited on 08/29/2022) (Go back).

[5] Pascal Billand, Christophe Bravard, Sudipta Sarangi, and Myrna Wooders. Price Sensitive Consumers

and R&D Network Formation. en. SSRN Scholarly Paper ID 3512242. Rochester, NY: Social Science

Research Network, Dec. 2019. doi: 10.2139/ssrn.3512242. url: https://papers.ssrn.com/

abstract=3512242 (visited on 06/18/2020) (Go back).

[6] Vasco M Carvalho and Nico Voigtländer. Input Diffusion and the Evolution of Production Networks.

Working Paper 20025. Series: Working Paper Series. National Bureau of Economic Research, Mar.

2014. doi: 10.3386/w20025. url: http://www.nber.org/papers/w20025 (visited on 05/11/2020)

(Go back).

[7] Vasco M. Carvalho. “A Survey Paper on Recent Developments of Input-Output Analysis”. In: Complex-

ity Research Initiative for Systemic Instabilities (Dec. 2012), p. 40. url: https://cordis.europa.

eu/docs/projects/cnect/1/288501/080/deliverables/001-CRISISD31InputOutput.pdf (Go

back).

[8] Chester Dawson. Toyota to Suspend Output at Japanese Plants After Earthquake - WSJ. Sept. 2018.

url: https://www.wsj.com/articles/toyota-to-suspend-output-at-japanese-plants-after-

earthquake-1536339295 (visited on 05/11/2020) (Go back).

[9] Matthew Elliott, Benjamin Golub, and Matthew V. Leduc. “Supply Network Formation and Fragility”.

en. In: American Economic Review 112.8 (Aug. 2022), pp. 2701–2747. issn: 0002-8282. doi: 10.1257/

aer.20210220. url: https://www.aeaweb.org/articles?id=10.1257/aer.20210220 (visited on

08/01/2022) (Go back).

[10] Andrea Galeotti, Sanjeev Goyal, and Jurjen Kamphorst. “Network formation with heterogeneous play-

ers”. en. In: Games and Economic Behavior 54.2 (Feb. 2006), pp. 353–372. issn: 0899-8256. doi:

10.1016/j.geb.2005.02.003. url: https://www.sciencedirect.com/science/article/pii/

S0899825605000229 (visited on 08/29/2022) (Go back).

[11] F. Gauer and T. Hellmann. “Strategic formation of homogeneous bargaining networks”. en. In: Games

and Economic Behavior 106 (Nov. 2017), pp. 51–74. issn: 0899-8256. doi: 10.1016/j.geb.2017.09.

011. url: https://www.sciencedirect.com/science/article/pii/S0899825617301665 (visited

on 08/29/2022) (Go back).

[12] Matthew O. Jackson. Social and Economic Networks. English. Princeton University Press, Nov. 2010

(Go back).

12

https://doi.org/https://doi.org/10.1111/jpet.12383
https://doi.org/https://doi.org/10.1111/jpet.12383
https://onlinelibrary.wiley.com/doi/abs/10.1111/jpet.12383
https://doi.org/10.1093/restud/rdab058
https://academic.oup.com/restud/article/89/4/1694/6371205
https://academic.oup.com/restud/article/89/4/1694/6371205
https://doi.org/10.2139/ssrn.3512242
https://papers.ssrn.com/abstract=3512242
https://papers.ssrn.com/abstract=3512242
https://doi.org/10.3386/w20025
http://www.nber.org/papers/w20025
https://cordis.europa.eu/docs/projects/cnect/1/288501/080/deliverables/001-CRISISD31InputOutput.pdf
https://cordis.europa.eu/docs/projects/cnect/1/288501/080/deliverables/001-CRISISD31InputOutput.pdf
https://www.wsj.com/articles/toyota-to-suspend-output-at-japanese-plants-after-earthquake-1536339295
https://www.wsj.com/articles/toyota-to-suspend-output-at-japanese-plants-after-earthquake-1536339295
https://doi.org/10.1257/aer.20210220
https://doi.org/10.1257/aer.20210220
https://www.aeaweb.org/articles?id=10.1257/aer.20210220
https://doi.org/10.1016/j.geb.2005.02.003
https://www.sciencedirect.com/science/article/pii/S0899825605000229
https://www.sciencedirect.com/science/article/pii/S0899825605000229
https://doi.org/10.1016/j.geb.2017.09.011
https://doi.org/10.1016/j.geb.2017.09.011
https://www.sciencedirect.com/science/article/pii/S0899825617301665


[13] Matthew O. Jackson and Asher Wolinsky. “A Strategic Model of Social and Economic Networks”. en.

In: Journal of Economic Theory 71.1 (Oct. 1996), pp. 44–74. issn: 0022-0531. doi: 10.1006/jeth.

1996.0108. url: http://www.sciencedirect.com/science/article/pii/S0022053196901088

(visited on 05/11/2020) (Go back).

[14] Kengo Kurosaka. “Distributive politics of public goods networks through multistage voting”. en. In:

Journal of Public Economic Theory 22.1 (2020), pp. 146–169. issn: 1467-9779. doi: https://doi.org/

10.1111/jpet.12395. url: https://onlinelibrary.wiley.com/doi/abs/10.1111/jpet.12395

(visited on 12/31/2020) (Go back).

[15] Ezra Oberfield. “A Theory of Input–Output Architecture”. en. In: Econometrica 86.2 (2018), pp. 559–

589. issn: 1468-0262. doi: 10.3982/ECTA10731. url: https://onlinelibrary.wiley.com/doi/abs/

10.3982/ECTA10731 (visited on 05/11/2020) (Go back).

[16] Regan Porter. COVID-19 outbreaks at meat processing plants impacting local restaurants, grocery

stores. en-US. Library Catalog: fox4kc.com. May 2020. url: https://fox4kc.com/news/covid-

19-outbreaks-at-meat-processing-plants-impacting-local-restaurants-grocery-stores/

(visited on 06/17/2020) (Go back).

[17] Kai Ryssdal and Emily Henderson. As Hurricane Harvey bears down on Texas, oil refineries are shut-

ting down. en-US. Library Catalog: www.marketplace.org. Aug. 2017. url: https://www.marketplace.

org/2017/08/25/hurricane-harvey-bears-down-texas-oil-refineries-shutting-down/ (vis-

ited on 06/17/2020) (Go back).

[18] Mathieu Taschereau-Dumouchel. “Cascades and Fluctuations in an Economy with an Endogenous

Production Network”. en. In: Working Paper (2022), p. 62. url: https://www.mathtd.info/files/

papers/Network/paper.pdf (Go back).

6 Appendix

6.1 Price Derivations

Because the price charged by each firm can be written in terms of the supplier’s marginal cost, all of these

prices can be calculated using only the network structure and z(ej)’s. The price charged by any firm on a

cycle can be traced back through each supplier until it is expressed in terms of itself, thus there is a closed

form solution for any price on a cycle. The price charged by any firm on a branch can be traced up to the

root node of the cycle, which must be on a cycle, thus any such price can be calculated.
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Figure 4: The gray nodes form a cycle; the white nodes form a branch.
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Figure Note:This figure depicts a network formed of a cycle and branch. The grey nodes form a cycle, the white nodes

a branch.

For a cycle of length c, there are c firms and c edges. Label these firms 1, . . . , c. Without loss of generality,

we find the price of firm c and label the supplier c uses as 1, the supplier 1 uses as 2 and so on.

Figure 5: Pricing on a Cycle
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z(ec)z(e1)
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Figure Note:This figure depicts a production network that is a cycle formed by four firms.
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The price that c pays for its input is p(ec) = 1
z(e1)

p(e1)αw1−α, where p(e1) is the price firm 1 pays for its

input. This price is p(e1) = 1
z(e2)

p(e2)αw1−α, where p(e2) is the price firm 2 pays for its input. Continuing

in this way I can write the price that firm c− 1 pays as p(ec−1) = 1
z(ec)

p(ec)
αw1−α. Substituting each price

expression into the previous one gives:

p(ec) = p(ec)
αc
[ 1

z(e1)

1

z(e2)α
. . .

1

z(ec)α
c−1

]
w(1−α)+α(1−α)+...αc−1(1−α).

Solving for p(ec) gives:

p(ec) =
([ 1

z(e1)

1

z(e2)α
. . .

1

z(ec)α
c−1

]
w(1−α)+α(1−α)+...αc−1(1−α)

) 1
1−αc

= w
1−α
1−αc

∑c

k=1
αk−1

c∏
i=1

( 1

z(ei+1)

) αi−1

1−αc

= w
1−α
1−αc

αc−1
α−1

c∏
i=1

( 1

z(ei+1)

) αi−1

1−αc

= w

c∏
i=1

( 1

z(ei+1)

) αi−1

1−αc
.

Each connected component of the network has one cycle, and potentially many branches emanating from

that cycle. Thus, each branch has a root node on the cycle. Because each firm pays the marginal cost of its

supplier, the cost of any branch firm can be traced back and written in terms of the price of this root node.

Let firm d be d edges down the branch from the node where d > 1.
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Figure 6: Pricing on a Branch
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Figure Note:This figure depicts a production network that is made up of a cycle and a branch.

The price that d pays for its input is the marginal cost of its supplier. The price the supplier pays is the

marginal cost of his supplier and so on up to the root node, whose price was found in the above derivation.

Label MCr = 1
z(er)

pαrw
1−α. Then the price that firm d pays is

p(ed) = MCα
d−1

r

[ d−1∏
i=1

1

z(ebi)
αd−i−1

]
w(1−α)

∑d−2

k=0
αk

= MCα
d−1

r

[ d−1∏
i=1

1

z(ebi)
αd−i−1

]
w(1−α)α

d−1
α−1

= MCα
d−1

r

[ d−1∏
i=1

1

z(ebi)
αd−i−1

]
w1−αd .

For a firm that is only one edge away, for example firm b1 in the figure, the price that firm pays is the

marginal cost of the root node, MCr.
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With these prices taken as given, the profit maximization problem each firm j solves is

max
p0
j
,y0
j
,x(ej),lj

p0jy
0
j +

∑
e∈D̂j

p(e)x(e)− p(ej)x(ej)− wlj

s.t.

y0j +
∑
e∈D̂j

x(e) ≤ 1

αα(1− α)1−α
z(ej)x(ej)

αl1−αj .

6.2 Model Parameterization

Table 4: Model Parameterization

Parameter Value

Number of Firms, |J | 5

Production function capital parameter, α 0.33

Consumer preference parameter, ε 0.10

Labor supply, L 1

Number of possible suppliers drawn from Poisson(3)

Productivity parameters drawn from Pareto(0.2, −1.8)

6.3 An Algorithm For Computing Pairwise-Stable Equilibrium Networks

1. Initialize the set of pairwise-stable networks as empty.

2. Enumerate the set of feasible networks.

3. For each feasible network:

(a) Enumerate the pairwise deviations.

(b) For each deviation:

i. Check if either of the firms in the pair are made better off.

ii. If they are, stop.

iii. If they are not, check the next deviation.

(c) If any of the deviations are profitable, this feasible network is not pairwise-stable; stop.

(d) If there are no profitable deviations, this feasible network is pairwise-stable; add it to the set of

pairwise-stable networks.

4. Return the set of pairwise-stable networks.
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