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– In normal times, the company is behind in filling perhaps 1 percent of its customers’ orders. On a recent
morning, it could not complete a tenth of its orders because it was waiting for supplies to arrive. The
company could not secure enough of a specialized resin that it sells to manufacturers that make
construction materials. The American supplier of the resin was itself lacking one element that it purchases
from a petrochemical plant in China. One of Mr. Romano’s regular customers, a paint manufacturer, was
holding off on ordering chemicals because it could not locate enough of the metal cans it uses to ship its
finished product. “It all cascades,” Mr. Romano said. “It’s just a mess.”
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– Simply expanding warehouses may not provide the fix... Product lines are increasingly customized. The
ability to predict what inventory you should keep is harder and harder.
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We will specify the distribution of this random graph in a highly symmetric case that will be the focus of this talk.
Recall d(if ) is how many levels of customized production are needed to produce if .
– Each firm needs m distinct inputs.
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Realized supply network G: links in G ′ are operational independently with probability x.
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Observe that it takes only a few steps to
get quite close to the largest fixed point of
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When relationship strengths are chosen in
equilibrium, will the supply network be on the
precipice?

Equilibrium definition
For a given κ, we say an outcome x ∈ [0, 1] is a symmetric undominated equilibrium (SUE) if
[each firm is optimizing]: for gross profits κg(ρ), the investment level xif = x for all firms if is a
Nash equilibrium of the investment game . . .


i.e., x maximizes κg(ρ)Pi functions (xif ; x) − c(xif )
. . . that maximizes total surplus among the symmetric Nash equilibria. [efficient selection]
We will focus on these.
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an interval [κ, κ̄] so that for κ in that interval, the
(undominated) equilibrium x is fragile:
An arbitrarily small shock reducing all relationship
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Companion piece: Elliott and Golub “Networks and
Economic Fragility” (ARE 2022). Underlying facts, survey of
“extensive margin” forces in production networks.
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c convex, increasing, Inada
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Which investment levels can occur in equilibrium?
Back

Related Literature
Network formation theory, reliability, and risk: e.g., Bala and Goyal (2000), Levine (2012), Goyal
and Vigier (2014), Acemoglu, Ozdaglar and Tahbaz-Salehi (2015), Brummitt et al. (2017), Elliott,
Georg and Hazell (2018), Erol (2018), Erol and Vohra (2018), Talamàs and Vohra (2018), Bimpikis,
Candogan, and Ehsan (2019), Dasaratha (2020).
Our contribution: A tractable network formation model for large complex supply networks with new
features.
Complementarities in production and their implications: e.g., Kremer (1993), Blanchard and
Kremer (1997), Ciccone (2002), Acemoglu, Antràs and Helpman (2007), Angeletos and Pavan (2007),
Jones (2011), . . .
Our contribution: Possible concern—might actions that mitigate supply risks endogenously dampen
the complementarities. We show they don’t.

Related Literature
Production networks: e.g., Long and Plosser (1983), Horvath (1998), Dupor (1999), Acemoglu,
Carvalho, Ozdaglar, and Tahbaz-Salehi (2011), Elliott, Golub, and Jackson (2014),
. . . Taschereau-Dumouchel (2017), Boehm and Oberfield (2018) and König et al. (2019), Baqaee and
Farhi (2019, 2020), Acemoglu and Tahbaz-Salehi (2020).
Our contribution: This literature focuses on smooth nonlinearities. We show how sourcing failures
at the micro level give rise to discontinuities.
Self-organizing criticality and phase transitions: Jovanovic (1987), Scheinkman and Woodford
(1994), an engineering/math lit. e.g., Buldyrev et al. (2010), Tang et al. (2016), and Yang et al.
(2019).
Our contribution: Fully microfounded model that shows that the most severe phase transition
occurs in the most classical production network setting (once you have our kinds of failures). In our
setting economy is robust to idiosyncratic shocks.
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Examples of idiosyncratic disruptions
Fire at Philips Semiconductor halted production, preventing Ericsson from sourcing critical inputs,
causing its production to also stop. Ericsson lost > $100M in sales, subsequently exited mobile phone
business (Norrman and Jansson, 2004).
Two strikes at General Motors parts plants in 1998 led 100 other parts plants, and then 26 assembly
plants, to shut down, reducing GM’s earnings by > $2.8B (Snyder et al. 2016).
“It is tempting to think of supply chain disruptions as rare events. However, although a given type of
disruption (earthquake, fire, strike) may occur very infrequently, the large number of possible disruption
causes, coupled with the vast scale of modern supply chains, makes the likelihood that some disruption
will strike a given supply chain in a given year quite high.” (Supply Chain Quarterly, 2018)
Resilinc found 1,069 supply chain disruption events globally during a six-month period in 2018.
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Proposition
Suppose all complexities mi ≥ 2. Let xif,j = Xij (ξ), where Xij : [0, 1] → [0, 1] is a strictly increasing C 1 onto
function and ξ is an economywide parameter (e.g., institutional quality). There is a critical ξcrit such that
limτ →∞ ρ(ξ, ∞) = 0 for all ξ < ξcrit and limτ →∞ ρ(ξ, ∞) > rcrit > 0 for all ξ > ξcrit .
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