
A Theory of Payments-Chain Crises*

Saki Bigio† Esteban Méndez‡ Diana Van Patten§

First Released Draft: December 2021

Abstract

This paper introduces an endogenous network of payments chains into a busi-

ness cycle model. Motivated by evidence of linked payments in Costa Rica, we

present a model where agents order production in bilateral relations. Some pay-

ments are executed immediately. Other payments, chained payments, are delayed

until other payments are executed. Because production starts only after orders are

paid, chained payments induce production delays. In equilibrium, agents choose

the amount of chained payments given interest rates and access to internal funds

or credit lines. This choice determines the payments-chain network and aggregate

total-factor productivity (TFP). The paper characterizes equilibrium dynamics and

their innate inefficiencies. Agents internalize the direct costs of their payment de-

lays, but do not internalize the costs induced onto others. This externality produces

novel policy insights and rationalizes permanent reductions in TFP under excessive

debt.
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Says A: I could use some of B’s goods; but I have no cash to pay for them until someone with cash walks in here!

Says B: I could buy some of C’s goods, but I’ve no cash to do it ’till someone with cash walks in here.

From the book Stamp Scrip, Irving Fisher, 1933

1. Introduction

During financial crises, there are visible declines in credit variables. Though harder to

measure, there is also a widespread perception that the normal, seamless flow of trans-

actions and goods slows down. In ways still not fully understood, productive resources

appear to remain idle—not because of technical constraints or lack of demand, but

because agents must wait for others to pay, who in turn are waiting on others.

A simple example illustrates the idea. Consider a general contractor hired to build a

commercial property. The contractor relies on a network of subcontractors—electricians,

plumbers, and carpenters—who agree to begin or continue work only after receiving

partial payment. The contractor also places orders with material suppliers, who may

customize some of the materials and are unwilling to ship them until payment is com-

pleted or, at minimum, a proof of funds is provided. However, the contractor is wait-

ing for a payment from the project’s developer, who is waiting for a loan installment

or the proceeds from the sale of another property. During crises, banks may delay

loan payments and property sales may slowdown, disrupting the developer’s funding

sources, and therefore, the entire chain: the contractor cannot pay the electrician or

the supplier; the electrician postpones work; the supplier holds off on shipping; and

the project stalls. The slowdown is not due to a lack of labor, materials, or technical

capacity, but rather to each party waiting to be paid by someone else. These cascading

delays can leave productive resources idle, and the national accounts will record the

outcome as a decline in productivity.

Despite how natural they seem, such transactional delays are rarely featured in

macroeconomic models. Production and trade are typically centralized, with goods

exchanged on spot markets and payment frictions largely abstracted away. While sup-

plier financing and credit constraints are sometimes modeled, the usual assumption is

binary: agents are either constrained or unconstrained. What is missing is a tractable

framework in which economic activity can stall simply because agents must wait for
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other transactions to clear before making their own payments. In such settings, even

solvent and willing producers may remain idle—not because they face traditional fi-

nancial constraints, but because payment is delayed somewhere upstream.

This paper proposes a model of payments chains and studies their macroeconomic

implications, particularly during financial crises. Developing a theory of payments-

chain disruptions is important for understanding observed dynamics in productiv-

ity. Since the onset of modern business cycle analysis, economists have argued that

fluctuations in total factor productivity (TFP) often reflect credit-market conditions

(e.g., Summers, 1986). This view becomes especially salient during crises in develop-

ing economies, where contractions are frequently driven by large declines in measured

TFP. Financial crisis models often explain these declines through input misallocation.

However, replicating large observed TFP drops remains challenging, particularly given

the relatively smooth labor flows during such episodes.1

Payment-chain disruptions offer an alternative explanation for this co-movement.

Delays in the timing of payments can propagate through production networks, lead-

ing to widespread idle time and reduced output, even when factor inputs are avail-

able. Through this mechanism, it is not the quantity or allocation of inputs that con-

strains production, but the timing: the slowdown of payments delays the utilization of

resources.

These forces are salient empirically. Section 2 leverages detailed microdata on the

universe of interbank transfers in Costa Rica, along with transaction-level details for

each sale in the economy, to present the first evidence that many firms depend on pay-

ments made to them to execute further payments. In particular, about one-half of firms

consistently execute payments on the exact day they receive a payment. We further

provide on the impact of chained payments given a financial disruption by exploiting a

natural experiment in which bank accounts were suddenly frozen for a subset of firms,

and analyze how the the consequences of this payment disruptions largely depend on

whether impacted firms were part of a payments-chain.

1The puzzle of large drops in TFP and capital utilization alongside small labor movements was first
noted by Meza and Quintin (2005). It has since appeared in several contexts: Meza and Quintin (2007),
Mendoza (2010), Oberfield (2013), and Karabarbounis et al. (2021) document similar patterns in the
Chilean banking crisis of the early 1980s, the Mexican and East Asian crises of the 1990s, and the recent
Greek crisis. These studies cite numerous additional examples.
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Guided by this evidence, and to model payment-chain disruptions and their impact

on production, we introduce a payment-chain production network in Section 3. This

framework explicitly links the timing of economic transactions to the timing of produc-

tion. In the network, production takes place through random bilateral relationships,

where customers place orders with suppliers. Some of these are spot orders, which are

paid upfront and trigger immediate production. Others are chained orders, which are

only paid once a preceding order has been paid. Since funds are transferred with a de-

lay, chained orders introduce production lags that can cascade through the network.

Chained transactions correspond to situations like the construction example above: a

subcontractor, such as a carpenter, is scheduled to work but waits to begin work until

the general contractor receives payment from the developer. Each chained payment

depends on the clearance of prior payments along the chain.

A payments-chain network consists of many chains, each representing a linked trans-

action sequence. The first payment in each chain is a spot payment, financed by re-

sources external to the network—such as savings, working capital credit, or accounts

payable—and initiates the sequence. All subsequent payments are chained and rely

on the completion of earlier payments in the chain. Chained orders, therefore, repre-

sent contractual obligations whose fulfillment is contingent on the settlement of prior

transactions.

A key implication of the model is that the further downstream an order lies in a

payment chain, the longer the production delay, since each chained transaction in-

troduces a lag in transaction times. The fraction of chained orders in the economy

determines the overall structure and length of these chains: as the share of chained

orders rises, the distribution of chain lengths shifts to longer chains, and average wait-

ing times increase. These delays, in turn, reduce aggregate productivity. Specifically,

measured TFP in this environment is given by: Y (µ; δ) = (1− µ) + µ δ−δµ
µ−δµ

ln
(

1−δµ
1−µ

)
< 1,

where µ is the fraction of chained orders relative to total orders and δ is a parameter

that captures production/transactions delays.

The payments-chain network developed in Section 3 is a stand-alone, mechanical

production block where transactions are taken as given. However, it is portable to a

range of contexts where agents decide to make spot or chained transaction agreements.
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In the second part of the paper, Section 4, we embed this network into a tractable,

deterministic business-cycle model.

In that setting, a new payments-chain network is formed in each period. There is

a natural borrower and a natural saver which, for simplicity, we model as households.

By construction, the saver always has funds to place spot orders. By contrast, the bor-

rower carries outstanding debt. The borrower can obtain funds to place spot orders

by borrowing from exogenous credit lines. However, her credit lines are limited by her

outstanding debt. When outstanding debt impairs her access to short-term funds, she

can still place chained orders. However, placing chained orders is privately costly, as

goods bought through chained orders are more expensive. Critically, whereas borrow-

ers internalize that chained orders are more expensive, they do not internalize that by

placing chained orders, they delay other transactions.

The formula for TFP Y showcases how credit conditions translate into TFP declines.

When short-term funds are limited, borrowers place chained orders to maintain a con-

sumption level. This tightening of short-term funds increases the fraction of chained

orders, µ. Measured TFP falls as labor inputs remain idle.

In the environment, the evolution of debt impacts TFP by impairing credit lines. In

turn, TFP influences the desire to accumulate debt. There are three critical regions of

the state space. For debt levels below an efficient-debt threshold, the economy is in

a steady state without delays. For moderate debt levels, the economy features a tem-

porary payments-chain crisis. Production delays last until the economy transitions

toward an efficient steady state. For such moderate debt levels, crises are only tempo-

rary because borrowers have incentives to repay debts—to access short-term funding

in the future. When debt is above a threshold, the economy features hysteresis, per-

manent payments-chain crises. Hysteresis occurs when borrowers decide to maintain

high debt levels because the benefits of deleveraging happen too late into the future

and require an excessive sacrifice of current consumption. The economy remains with

permanent production delays in this debt overhang region of the state space.

The environment leads to novel policy implications presented in Section 5. We

study a Ramsey planner that has instruments to influence the path of debt, but cannot

tax spot and chained expenditures differentially. This Ramsey planner respects the pay-
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ments technology but, as opposed to households, internalizes the effects of chained

orders on TFP. The exercise illustrates that transitions are constrained inefficient for

two reasons: savers spend too little in spot orders, and borrowers spend excessively in

chained orders. Because the inefficiency is two-sided, debt may be excessively high or

excessively low relative to the social optimum during a payments-chain crisis.

We also revisit fiscal multipliers. We allow the government to make spot expen-

ditures or expenditures chained to tax receipts. Although all forms of government

spending are waste, government spending can produce positive multipliers during a

payment-chain crisis. A novel insight is that multipliers are positive only if the govern-

ment makes spot expenditures. If government expenditures are chained to tax income,

they are detrimental. The reason for positive multipliers is not the stimulus of aggre-

gate demand, a conventional view regarding the benefits of fiscal policy. Rather, gov-

ernment expenditures stimulate output by speeding up payments, a monetarist rein-

terpretation.

Literature Review. The literature on financial crises is vast. This paper connects with

theories that underscore the sharp declines in aggregate TFP. The link between finan-

cial crisis and TFP is not at all obvious because financial crises can manifest themselves

through distorting labor-market outcomes, not productivity. One branch of the liter-

ature explains declines in aggregate TFP through increased misallocation—see Pratap

and Urrutia (2012) or Oberfield (2013). However, a common finding is that hetero-

geneity can only partially explain TFP declines once models are disciplined with data

on input use and heterogeneity. Here, the channel is utilization. Other studies also

explain declines in TFP as aggravated financial conditions increase the cost of utiliz-

ing capital—see Meza and Quintin (2007). The mechanism here is different: financial

conditions impact TFP through a slowdown of payments.

Beyond the focus on financial crises, the paper falls at the crossroads of several ar-

eas. Namely, the monetary-payments literature, the economic-networks literature, and

the literature on aggregate-demand externalities. The issue of how payments instru-

ments affect production is a classic theme: Lucas and Stokey (1987) analyzes a stochas-

tic cash-in-advance economy; Kiyotaki and Wright (1989) studies trade with indivisible

tokens; Lagos and Wright (2005) a model with divisible money and explicit trading ar-
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rangements.2 Recent work focuses on how the distribution, and not the instruments

per se, affect production—see Lippi et al. (2015), Rocheteau et al. (2016), and Brunner-

meier and Sannikov (2017). In common with this literature, the distribution of funding

affects allocations. The main distinction is that we focus on delays in sequential pay-

ments.

Sequential payments appear in many other studies. The payments-chain network

is inspired by the model in Kiyotaki and Moore (1997). Kiyotaki and Moore (1997)

focus on finding micro-foundations of production disruptions in a single chain. The

contribution here is to present a network of transactions whose structure depends on

payment decisions. Furthermore, we embed the payments-chain network into a stan-

dard business-cycle model. Other models of sequential payments include Townsend

(1980), which studies sequences of payments with spatial separation, Freeman (1996)

and Green (1999), which study sequential transactions in overlapping generation en-

vironments, La’O (2015), which studies a circular flow of transactions, or Guerrieri and

Lorenzoni (2009), which studies sequential transactions in a Lagos and Wright-type en-

vironment. Recent work by Hardy et al. (2022) and Bocola (2022) contrasts payments

funded externally against trade credit.3 Relative to these papers, there are two distinc-

tions: here, transactions are formed in a network, and the network is endogenous to

expenditure-savings decisions. The importance of this body of theoretical work is sub-

stantiated by a body of empirical evidence found in a number of recent papers: Bois-

say and Gropp (2007), Jacobsen (2015), Barrot (2016), and Costello (2020) among many

others.

With respect to the economic networks literature, the paper connects with mod-

els with endogenous network formation. The contribution relative to that literature

is modest, as network formation is not strategic. By contrast, in Oberfield (2018), a

network is formed through strategic partnerships. In Kopytov et al. (2022) and Elliott

et al. (2022) firms form strategic links, being aware of possible supply-chain break-

downs. Here, the network is randomly formed, but the distribution of chains is en-

dogenous to financial decisions. Like in Elliott et al. (2014), Alvarez and Barlevy (2021)

2See Shi (1997); Lagos et al. (2011); Lagos and Rocheteau (2009); Li et al. (2012); Nosal and Rocheteau
(2011); Rocheteau (2011) for many other directions in that area.

3See also Biais and Gollier (1997).
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and Taschereau-Dumouchel (2022), there are externalities here too. In those models,

externalities occur when individual defaults provoke subsequent defaults. Here, exter-

nalities occur through payment delays. Bigio and La’O (2013) considers the propaga-

tion of financial shocks that induce misallocation in a production network. Here, there

is no misallocation in the production network, but there are production delays.

Finally, the paper connects with models of aggregate demand externalities. An early

model of these externalities is Diamond (1982) where, via search, consumption deci-

sions affect output. In most of the literature, demand externalities result from nominal

rigidities. There has been a recent interest in coupling nominal rigidities with financial

constraints—for example, Eggertsson and Krugman (2012) and Guerrieri and Loren-

zoni (2017). Recent papers have further introduced sequential transactions into envi-

ronments with nominal rigidities—for instance, Woodford (2022) and Guerrieri et al.

(2022). In those models, demand externalities occur when agents cut back on any form

of expenditure. The nature of demand externalities here is different. In particular, the

type of expenditures by the private or public sector matters: spot orders may stimu-

late output, but chained orders depress it. The demand externalities provoked by the

slowdown of payments is part of a classic narrative. Almost a century apart, the open-

ing quotation taken from Fisher (1933) and the renowned ``babysitting co-op” analogy

of Krugman (1998) belong to that same tradition. The rest of the paper attempts to

provide a convenient analytic formulation.

2. Empirical Motivation

This section documents empirical evidence on payment chains, their widespread preva-

lence, and their substantial effects on firm-level productivity.

Data. We leverage two exceptionally rich data sources. The first is SINPE—Costa

Rica’s National Electronic Payments System—which processes and settles every inter-

bank transfer in the country.4 In 2024 alone, SINPE recorded over 60 million transfers,

4SINPE is an acronym for Costa Rica’s National Electronic Payments System (Sistema Nacional de
Pagos Electrónicos, and is operated by the Central Bank of Costa Rica to process and settle all electronic
interbank transactions.
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capturing, for each transaction, the precise timestamp, unique identifiers of sender

and receiver, the banks involved, and the exact amount transferred. This unparalleled

coverage yields a complete universe of interbank activity for 281 ,324 distinct firms,

with an average transaction size of USD 3,158.

The second dataset derives from Costa Rica’s VAT (Value-Added Tax) reporting sys-

tem, which mandates an electronic invoice for every formal sale. For each invoice,

the registry records the sale price, product code, and quantity sold, and flags whether

payment was settled on the spot or was deferred. Deferred payments are recorded, in

particular, because as long as the seller has not received full payment, classifying the

payment as deferred allows her to defer the VAT payment on the unpaid amount until

the payment is due, for up to 90 days. For deferred payments, the system also records

the contractual repayment window. This feature provides direct, time-stamped insight

into short-term financing arrangements and payment timing at a level of granularity

rarely available.

Documented Regularities. We exploit the universe of interbank transfers among firms

to test for systematic payment–chain behavior. Absent such chains, there should be no

systematic relationship between injections of liquidity and the timing of payments a

firm. Thus, to empirically detect chained payments, we start by examining whether

firm j is more likely to issue a payment within 24 hours of receiving one.5 Specifically,

we estimate:

sentjt = receivedj,t−1 + λt + λj×d + εjt, (1)

where sentjt = 1, if firm j made a payment on business day t, and receivedj,t−1 = 1 if

firm j received a payment in the preceding 24 hours.6 To prevent this relationship from

being purely mechanical, wwe include both time fixed effects and firm × day-of-week

fixed effects.7

5We begin with this narrow window to strengthen the inference of a direct link between payments
received and payments sent; later, we extend our analysis to wider intervals.

6We restrict attention to business days; payments received on weekends or holidays are assigned to
the next business day.

7Time fixed effects capture calendar-driven patterns—e.g., firms that always pay or receive on month-
end or the 15th. Firm × day-of-week fixed effects absorb idiosyncratic weekly rhythms—e.g., some firms
systematically pay on Thursdays, others on Fridays—thereby isolating only the abnormal deviations
linked to incoming payments. The latter fixed effect would also discipline variation, for instance, from a
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Table 1 reports the regression results. Column (1) shows that, on average, firms

are significantly more likely to send a payment after receiving one within the prior 24

hours. Columns (2)–(4) reveal heterogeneity: the payment–chain effect is strongest

among small firms (5 workers or less) and attenuated for firms with higher asset-to-

sales ratios or greater loan access relative to sales.

Table 1: Triggered Payments Across Firms

Dependent variable: Prob. firm j makes a payment at time t

(1) (2) (3) (4) (5) (6)

receivedj,t−1 0.032 ∗∗∗ 0.011∗∗ 0.042∗∗∗ 0.044∗∗∗ 0.032∗∗∗

(.0005)∗∗∗ (.0009)∗∗∗ (.0008)∗∗∗ (.0008)∗∗∗ (.0005)∗∗∗

Smallj × receivedj,t−1 0.022∗∗∗

(0.001)∗∗∗

Assetsj
Salesj

× receivedj,t−1 -0.019∗∗∗

(0.001)∗∗∗

Liabilitiesj
Salesj

× receivedj,t−1 -0.022∗∗∗

(0.001)∗∗∗

receivedj,t−5 0.011∗∗∗ 0.011∗∗∗

(.0004)∗∗∗ (.0005)∗∗∗

Observations 10,628,428 6,936,593 7,793,996 7,793,996 10,468,698 10,468,698

Adjusted R2 0.494 0.483 0.483 0.483 0.494 0.494

t, j × d FE Yes Yes Yes Yes Yes Yes

Notes: The independent variable in column (1) is an indicator that equals one if firm j received a payment from another
firm within the last 24 hours. This variable is interacted with firm j’s size, assets-to-sales and liabilities-to-sales in
columns (2), (3), and (4) respectively. Column (5)’s independent variable is an indicator that equals one if firm j received
a payment within 5 days of time t. Column (6) includes both the latter variable and a corresponding indicator for
payments within 24 hours of t. Robust standard errors, adjusted for clustering by firm, are in parentheses. We include
time and firm×weekday fixed-effects. Data is daily and spans 2024.

Columns (1)–(4) of Table 1 focus on a one-day window to approximate chained-

payment responses. To trace the temporal profile of this effect for all firms, we im-

plement a local projection exercise (Jordà, 2005; Jordà and Taylor, 2025). Figure 1 illus-

trates that, while many firms issue triggered payments within one business day, there is

also a second peak—nearly as large as the initial response—around five business days

(one week) after receipt of funds.

This two-wave structure reflects both the speed of Costa Rica’s modern payment

firm that tends to make payments every day, and instead would force the variation to come from out-of-
the-ordinary responses correlated with receiving a payment.



10

infrastructure and residual internal frictions. In 2024, when SINPE processes most

transfers electronically, same-day responses are technologically feasible. By contrast,

in 2005 most payments settled by check—requiring several days to clear—so that the

fastest possible response was around four business days (see Figure 11, using SINPE

data back to 2005).8

Even with a rapid payments network, frictions within firms—such as internal ap-

provals, inspections of the products to be paid, or compliance checks—can induce de-

lays, explaining the pronounced second wave at business day five. Columns (5) and

(6) of Table 1 extend the specification in equation (1) by including an indicator for

receipt of any payment in the preceding five business days; consistent with the local

projection, this variable significantly predicts payment activity. Moreover, comparing

coefficients in columns (1), (5), and (6) reveals remarkable stability, suggesting that

payments unfold in two distinct and orthogonal waves—an immediate response and a

delayed one around business day five.9

Figure 1: Triggered Payments: Local Projection
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Notes: The figure shows a local projection (Jordà, 2005; Jordà and Taylor, 2025), where the dependent and independent

variables have 13 lags, as determined by a VAR-based optimal lag selection criteria. Data is daily and spans 2024.

Placebo Exercises These relations are not mechanical. In fact, we can conduct placebo

tests, where we change the timing so that the independent variable represents pay-

ments received h days after making a payment, with h ∈ {1, 2, 3}. As shown in Table

8Although firm-level transfer records are unavailable for the 1990s, one would expect even longer lags
then, as checks could take up to 15 days to clear (Cerdas and Melegatti, 2014).

9We also examine the intensive margin in Table 3, which yields results consistent with the extensive-
margin analysis: firms are more likely to make payments once they receive transfers.
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4, results are consistently negative or insignificant, speaking against spurious temporal

correlations.

Constructing Payments-Chains Leveraging the comprehensive ACH and wire trans-

fers data, we aim to identify firms where the receipt of a payment triggers the issuance

of subsequent payments. Our goal is to classify firms into three distinct groups: (i)

those that tend to make chained payments without delay; (ii) those that tend to make

chained payments with delay; and (iii) those that tend to make spot payments.

We proceed in two stages. First, to isolate firms chained without delay (type (i)),

we compute for each firm the monthly frequency with which receiving any payment

leads to issuing a payment within one business day. As shown in Panel (a) of Figure 2,

this distribution has large masses of firms concentrated in a value of one (firms with

perfect same-day response rates) and zero (firms with no same-day responses). Given

this bimodal distribution, we then use k-means clustering to split the sample into two

groups: firms type (i) that make chained payments without delay and other firms.

Second, among those firms that were not classified as type (i), and informed by

the local projection exercise in Figure 1, we consider the distribution of monthly oc-

currences by firm in which receiving a payment led to making a payment five days

later. This distribution, shown in Panel (b) of Figure 2 is, once again, largely bimodal,

and allows us to split this subsample in two groups: firms concentrated in one, which

correspond with type (ii)—chained with delay—and firms concentrated in zero, which

correspond with type (iii)—spot, for whom payments sent are uncorrelated with pay-

ments received. This two-stage clustering yields a firm-month classification into three

types; although firm types are highly persistent, our approach allows for type-switching

from month to month.10

Stylized Facts on Payments-Chains Once firms are classified, we construct payments-

chain networks. Several remarks are in order. First, on a given month, 43% tend to make

spot payments, while the remaining 57% of firms engage mainly in chained payments.

10As an alternative, one can estimate each firm’s fitted probability of triggered payments from the
specification in column (6) of Table 1 and then apply k-means clustering with k = 3. The resulting
three-group classification highly correlates with our baseline method at 0.94.
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Figure 2: Histogram of Fitted Probabilities of Triggered Payments by Firm

(a) Payments within 24 hours (b) Payments five days after
Notes: The figures show the distribution of monthly average triggered payments by firm based on an extensive margin
estimation. Firms with a value of zero have a payment behavior that is orthogonal to receiving money transfers, while
firms with a value of one have a perfect correlation between receiving a transfer and making a payment either the day
after (panel a) or five days later (panel b). Data is monthly and spans 2024.

Among the chained firms, 79% make payments without delay and 21% make payments

with delay.11 Second, interactions across firm types are common. As shown in panel (a)

of Figure 3, 32% of all links in the payments network are “mixed,” involving both a spot

and a chained firm.12 Third, if we focus on transactions between same-type firms, net-

work structures differ significantly. On the one hand, Panel (b) of Figure 3 shows the

network for transactions between firms classified as spot; 1% of links.13 The network

structure lacks a tight core, with a more radial or diffuse structure. The dense and uni-

form pattern suggests a decentralized transaction ecosystem with many firms directly

transacting with others. Thus, the network appears relatively resilient, as disruptions in

one firm’s payments do not propagate as easily. On the other hand, panel (c) consists of

transactions between firms classified as chained, blue (green) dots representing firms

chained without (with) delay; 67% of all links. These links are particularly relevant as

11The k-means clustering partitions firms at a fitted probability threshold of 0.41 when considering
chained without delay vs. other firms, and of 0.44 when considering chained with delay vs. spot firms.

12This classification is based on December 2024. As shown below, the shares of links by types are stable
over time. We also show a breakdown of mixed transactions into spot (S)→chained (X) and X→S.

Month S→S X→X X→S S→X Total Month S→S X→X X→S S→X Total

1 1% 66% 2% 32% 187,026 7 1% 67% 1% 31% 194,151

2 1% 66% 2% 32% 190,099 8 1% 67% 2% 31% 183,187

3 1% 66% 2% 32% 178,270 9 1% 66% 2% 31% 184,636

4 1% 67% 2% 31% 195,494 10 1% 66% 2% 32% 191,507

5 1% 66% 2% 32% 197,412 11 1% 66% 2% 32% 186,960

6 1% 66% 2% 32% 178,841 12 1% 67% 1% 31% 190,737

13These red dots look less numerous than in Panel (a), as spot firms trade mostly with chained firms.
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consecutive chained links ultimately form the payment chains. The network structure

shown is a dense core with isolated nodes. The core cluster represents a critical mass

of firms in tight transactional relationships and a circular dependency loop, while the

outer nodes are less connected to same-type firms. Firms in this network’s core are

interdependent, which would relate to high systemic risk: if one core firm delays or

defaults, it could ripple through the network.

Figure 3: Network Structure by Firm Type

(a) All (b) Spot-to-spot (c) Chained-to-chained

(32% mixed links) (1% of links) (67% of links)

Notes: The figures show the network structure by link type. Panel (a) shows all links between firms. Panel (b) focuses on

links between firms classified as spot. Panel (c) shows links between firms classified as chained. Data is collapsed for

December 2024 to construct the network. Breakdowns for other months are similar and reported in Footnote 12.

With firm classifications in hand, we construct payment chains as network paths

that begin and end at firms making spot payments, with chained firms potentially

occupying the intermediate nodes. For each pair of spot firms connected through

chained firms, we define the chain’s length as the minimum number of links (firms)

separating them.14 In total, we identify approximately 2,000 distinct chains in the econ-

omy. Figure 12 displays the distribution of chain sizes for December 2024; results are

nearly identical in other months, exhibiting only minimal month-to-month variation.

14To avoid double counting of overlapping fragments and to maintain computational feasibility at a
monthly frequency, we measure chain length by the shortest path between the two spot firms in the
payments network.
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We further exploit the VAT registry of electronic invoices—linked at the firm level

to SINPE transfers—to observe prices and timing of payment—immediate or deferred,

and if deferred, for how long—for firms classified as either chained or spot. Because

sellers must issue an electronic invoice upon receipt of any partial payment, deferred

transactions in the VAT system naturally capture chained-payment behavior. Indeed,

firms classified as chained are 83% more likely to engage in deferred payments than

spot-payment firms, with an average deferral of 34 days. Leveraging this rare level of

detail, we find that, for a given product, invoice prices are 12% higher when payment

is deferred, and this premium is even larger when the purchasing firm is one that regu-

larly makes chained payments. Appendix D.5 presents details of these results.

A Payments-Chains Crisis A payments-chains crisis may arise when shocks to short-

term liquidity propagate through chained transactions and impair downstream pay-

ments. We exploit a natural experiment to assess the empirical relevance of such crises.

In August 2024, Costa Rica’s Financiera Desyfin—a financial institution catering mainly

to enterprises and business clients—was abruptly and unexpectedly intervened by the

financial regulator, who immediately froze all customer accounts due to insolvency

concerns. The regulator then declared the institution unviable and placed it into a

resolution process under the Deposit Guarantee Fund law, leaving those funds inac-

cessible for several months.

Using SINPE data, we can identify the directly shocked firms and trace how dis-

ruptions ripple through their surrounding payment networks. To build intuition, we

will provide an example. Consider the pre-freeze network in panel (a) of Figure 4, in

which arrows represent flows of payments. Firm D is classified as a spot payer, issu-

ing transfers to chained firms downstream (to its right in the figure) with no systematic

link between payments it received and sent. After the Desyfin freeze, however, firm D’s

sent payments started happening only after receiving a payment, so that it “switched”

to being classified as chained, as depicted in panel (b).

With this example in mind, let Desyfini = 1 if firm i maintained an account at

Financiera Desyfin during 2024, and let Shockt = 1 for t ≥ August 2024, when the freeze

occurred. We also define Switch2chainedit = 1 if firm i changes from being classified as
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Figure 4: Example: Firm D with a Frozen Account “Switches” from Spot to Chained

(a) Chain prior to accounts’ freeze (b) Chain after accounts’ freeze

Notes: The figures show an example of how the accounts’ sudden freeze might have impacted a chain in which one,
formerly spot, firm “switched” to being classified as chained. Arrows represent payment flows, so circles positioned
farther to the right correspond to firms that are further downstream.

spot to being classified as chained in month t.15

We first explore if firms which had an account at Desyfin become more likely to

“switch” to being classified as chained after the freeze. Column (1) of Table 2 reports

that this occurs; the probability of switching from spot to chained increased in 0.008

pp—equivalent to a 17% rise relative to the low 0.05 baseline. These estimates include

province×industry and time fixed effects to absorb regional or sectoral shocks.

Next, we examine how a “switch” to chained status might impact a directly shocked

firm (D, in our example above). To do so, we now consider the indicatorSwitch2chainedit

as an independent variable, and study if firm i that had an account at Desyfin and

switched to being classified as chained made fewer purchases after the shock, which

would align with a hindered ability to make payments. As shown in column (2) of Table

2, this is indeed the case, with a 42% fall in purchases made. Remarkably, the same col-

umn shows that Switch2chainedit, on its own, has the opposite effect on purchases; and

that it is the interaction with the liquidity freeze that produces the negative effect. The

latter is particularly relevant, as one would expect Switch2chainedit to have a positive

coefficient, as firms might start making chained payments as a way to expand their pro-

duction. The term Desyfini×Shockt also has, on its own, a positive coefficient, aligned

with positive pre-shock selection into Desyfin, which catered to corporate clients. In

line with fewer purchases, column (3) also shows sales fell in a similar proportion.

15For this construction, recall that the classification of firms by type is month-specific and allows for
type-switching across time. While the classification is flexible, firm types tend to be highly persistent.
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We finally ask how chained suppliers fare when selling to a directly shocked firm.

Define Selling2Desyfinjt as an indicator equal to one if chained firm j was selling to a

directly shocked “Desyfin” firm i. Panel (B) of Table 2 shows a dramatic 60% reduction

in both purchases and sales after the freeze, but only when they were selling to a firm

that switched to chained payments and held a Desyfin account (columns 4 and 5). These

results underscore how payment chains can undermine economic resilience. Just as a

project developer’s lack of funding can trigger cascading delays for the general contrac-

tor, subcontractors, and so on, a shock—such as a bank account freeze—that disrupts

an initial spot payment can cause delays and reduced productivity for all firms down

the payments-chain.

Table 2: A Payments-Chains Crisis: Frozen Bank Accounts

A. Directly Shocked Firm i

Switch2chainedit ln Purchasesit ln Salesit

(1) (2) (3)

Switch2chainedit ×Desyfini × Shockt -0.421∗∗∗ -0.431∗∗∗

(0.065)∗∗∗ (0.058)∗∗∗

Switch2chainedit 0.311∗∗∗ 0.205∗∗∗

(0.008)∗∗∗ (0.010)∗∗∗

Desyfini × Shockt 0.008∗∗∗ 0.052∗∗∗ 0.042∗∗∗

(0.003)∗∗∗ (0.004)∗∗∗ (0.006)∗∗∗

%∆ w.r.t. mean [mean dep. var] 17% [0.05]

Observations 1,202,560 1,193,436 916,594

Province×industry, t FE Yes Yes Yes

B. Firm j Selling to a Directly Shocked Firm i

ln Purchasesjt ln Salesjt

(4) (5)

Selling2Desyfinjt × Switch2chainedit ×Desyfini × Shockt -0.600∗∗∗ -0.569∗∗∗

(0.029)∗∗∗ (0.058)∗∗∗

Selling2Desyfinjt × Switch2chainedit 0.311∗∗∗ 1.175∗∗∗

(0.041)∗∗∗ (0.045)∗∗∗

Desyfini × Shockt 0.086∗∗∗ 0.082∗∗∗

(0.002)∗∗∗ (0.002)∗∗∗

Observations 967,341 1,336,981

Province×industry and t FE Yes Yes

Notes: The dependent variable in column (1) is an indicator equal to 1 if firm i switched from being classified as a spot
firm to a chained firm in period t. Columns (2) and (3) investigate the impact of the freeze on firms who held accounts at
Desyfin, before and after the freeze, differentiating between impacts if the firm switched to being classified as chained
or not. Columns (4) and (5) instead focus on firms that were selling to a firm directly connected to Desyfin, before and
after the shock. Robust standard errors, clustered by firm, are in parentheses. We include province×industry (ISIC-4)
and time fixed-effects. Data is monthly and spans 2024.
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3. Payments-Chains and Productivity

Motivated by the empirical evidence of a payments-chain network, this section presents

an approach to map a set of income and expenditures in the economy into a payments-

chain network. When transaction delays entail an economic loss, the payment-chain

network translates into TFP losses. We then then embed this module into a dynamic

business-cycle model.

Bilateral Relations. To fix ideas, assume that production is organized through bilat-

eral agreements in which a customer orders a product from a supplier owning one pro-

duction input. The agreement is exclusive: only the agent placing the order values the

output once produced. In turn, production units are exclusively dedicated to produc-

ing for a specific client.16 As examples of such relations, we can think of a home reno-

vation project, a medical service, manufacturing an engineered product with a specific

blueprint, or commissioning a piece of art.

There are two types of orders: spot and chained orders. Spot orders are paid im-

mediately. Chained orders are contingent on previous payments; they are paid after

the client receives a payment from another transaction. There are N production units.

In turn, there are N s spot orders and Nx chained orders. There are equal numbers of

production units and orders, N = N s + Nx. In the following section, we work with a

limit for N → ∞ and recast this condition as a market-clearing condition. Each pro-

duction unit is assigned an identifier, i ∈ N = {1, 2, . . . , N}. Likewise, each order is

assigned a unique identifier, i ∈ N . We partition N into two sets, N s and N x, to denote

the set of identifiers of spot and chained orders, respectively.17 Also, we work under

the assumption that payments are identical across orders, a condition we explain in

the following section. We also provide an interpretation of spot and chained once we

introduce financial decisions in that section.

We define two relations that together define the payments-chain network. First,

P : N → N , is a one-to-one assignment from an order to a production unit. By as-

16The agents’ identity in these agreements is not explicit at this stage. Identities are explicit, and these
matter for the economy’s dynamics in the following section.

17N s and N x are a partition of N : N s∩N x = ∅ and N s∪N x = N . The number of elements is Ns = N s,
Nx = N x.
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sumption i ̸= P (i). The interpretation is that P (i) is the unit that produces order i.

The assignment P is entirely random: any unit can be assigned to any order with equal

probability. Second, a chained income-expenditure relation associates a chained or-

der with a production unit. This relation is the identity function defined on N x. That

is, order i uses the payments to production unit i if i ∈ N x, as a source of funds to ex-

ecute order i. The idea is that although order i is not externally funded, the customer

who places order i owns production unit i. Hence, order i can be funded after order

j = P− (i) executes a payment. The assumption that the income-expenditure relation

is the identity is innocuous.18

To anticipate how the two relations induce a payments-chain network, consider

production unit j assigned to order i, P (i) = j. The client placing order i must pay

for j’s production. This creates a payment link from i to j. In turn, if order j is spot,

j ∈ N s, the funds used to pay for order i are unused in further payments. However, if

order j is chained, the funds are used again to pay unit k = P (j). In other words, when

j ∈ N x, there is a flow of payments from i to j, and from j to k. If order k is also chained,

the same funds are used to pay unit P (k), and so on. The payments chain continues

until a final order in a chain is placed on some production unit i not associated with a

chained order. Since every order is paired with a production unit, the economy features

an entire network of transactions forming a collection of payment chains.

The payments network is inconsequential if there are no delays in transferring funds.

Indeed, if every payment was executed immediately, the transfer of funds in the entire

network would be instantaneous. Moreover, even if transfers are not immediate, the

network would be inconsequential if no resources were lost as transactions are delayed.

Of course, transaction delays can occur for many reasons: technology restrictions, inat-

tention, or financial frictions. The economic consequences can be various: inventory

depreciation, time-discounting, or utilization.

Here, we provide an example of how the network is consequential. We introduce

two financial frictions that delay payments and, consequently, production. The first

18Formally, we can define the chained income-expenditure relation X as the identity function on N x,
that is X : N x → N x such that X (i) = i. The idea is that i ∈ N x obtains funds from production unit,
X (i) = i. Indeed, the identity function X (i) can be replaced by any injective function X : N x → N
so that production units and associated chained orders do not have the same identifiers. Changing
identifiers does not affect the results.
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friction is that production can only start once the buyer shows proof of funds. If an

order is spot, by definition, proof of funds is immediate since the order is funded ex-

ternally. By contrast, chained orders can provide evidence of funds only after the buyer

receives a payment from another transaction and the money enters their account. Pro-

duction requires proof of funds to deter fraudulent behavior; otherwise, buyers could

promise payments they know will never occur. Since production is customized, this

would lead to a disadvantageous ex-post renegotiation.

We need a reason to delay transactions: here, we invoke limited commitment. The

idea is that after the customer shows proof of funds, the funds are only released after

the fraction 1 − δ of the output is inspected. Without inspection, The producer could

produce a good for himself, taking away the funds. Since there is no way to verify a

customization, inspection is necessary.

The delay in transactions provokes production losses. Namely, the payments-chain

network determines production: production occurs within a unit time interval. Each

order starts at some endogenous time τ ∈ [0, 1] when the payment is executed. Once

production starts, it cannot stop. Production is linear in time: if production starts at τ ,

production is 1− τ . The delay in the time to execute payments then translates into idle

resources which map into TFP losses.

Placing these frictions together, proof of funds and limited commitment, we obtain

a production structure where the greater the number of chained orders, the more pay-

ment delays and the longer the production delays. To produce predictions about ag-

gregate TFP, we first formalize the definition of the payments chain network and derive

statistical properties that help us map it into production losses.

Payments-Chain Network. Once we enumerate transactions, we can construct a net-

work of transactions. A sequence of payments in the network that starts from a single

original source of funds defines a payments chain. Naturally, every chain must start

with a spot order, followed by a sequence of chained orders in which those initial funds

are transferred from one transaction to another. The number of chained orders defines

the chain length. A payments-chain network is the collection of all payment chains,

encompassing the universe of transactions during the production time interval. We

employ a formal definition.
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Definition 1. A payments-chain network K is an acyclical directed network with degree

1 with nodes N = {1, 2, ..., N} and links V = {(i, j) |P (i) = j, j ∈ N x}, K = (N ,V). A

payments-chain of length n is a finite sequence of nodes {ik}nk=0 such that the sequence

starts with some i0 ∈ N s and ∀k ∈ {1, . . . , n}, P (ik−1) = ik ∈ N x. By convention, if

i ∈ N s and j = P (i) ̸∈ N x, i and j define a chain of length zero.

Nodes corresponding to the payment chain network represent both orders and pro-

duction units. The directed links represent the direction of the flows of funds. Because

production is bilateral, one or no links stem from each node. A link from i to j indicates

that i orders from production unit j and that j is a chained order, P (i) = j ∈ N x. The

source of funds of order j is the funds paid in order i. In turn, if a node does not receive

a link, it represents a spot order. Furthermore, if no links are directed toward order

j = P (i), then order j is also spot—in which case i and j form a zero-length chain.

Notice that in this construction, each order has a source of funds. Any (longest) path of

links defines a payment chain. The collection of payment chains is the payment-chain

network.

Examples. Let us provide an example. Set N = {1, 2, . . . , 8} and let the subset of spot

orders be N s = {1, 3, 7}. Also, define the production relation as follows: let {in}n∈N =

{1, 5, 7, 4, 6, 2, 3, 8} such that in+1 = P (in) and i1 = P (iN). Thus, the links in this

payments-chain network are V = {(1, 5) , (7, 4) , (4, 6) , (6, 2) , (3, 8)}.

Several graphs are associated with this example. The left panel of Figure 5 de-

picts the chained income-expenditure relation. In that panel, we split each node into

counterparts: the production units {un} and production orders {on} for nodes, n ∈
{1, 2, ..., 8}. The links represent the flow of funds from production units to their corre-

sponding chained orders, defined by the chained income-expenditure relation.

The middle panel adds the links to the flow of payments for production, corre-

sponding to P . That is, the links in that panel add the payments production units.

Adding the links of the chained income-expenditure and production relations allows

us to trace funds. Notice that the links from orders to production units with the same

color share a common source of funds.

The right panel depicts the payment chain network. In this example, there are three
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chains. The first chain is of length one—from 1 to 5. The second chain starts at 7, and

links nodes 7, 4, 6, and 2. Since 4, 6, and 2 are chained orders, the length of the second

chain is three. The third chain links node 3 with node 8 and is also of length one.
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(c) Payments-Chain Network

Figure 5: Components of the Payments-Chain Network

Chain-Length Distribution. We now derive the distribution of payment-chain length

as the number of transactions increases, N → ∞. As the number of transactions in-

creases, we keep the ratio µ ≡ Nx/N constant. This fraction is a parameter of the

probability distribution G (n;µ) chain length in the network.

Proposition 1. Let n ∈ {0, 1, 2, . . .} be the length of a payment chain in the payments-

chain network. Then, n is a random variable with probability mass function (p.m.f.)

G (n;µ) where G (n;µ) is the geometric p.m.f. with parameter µ, that is, G (n;µ) =

(1− µ)µn.

Proof. Recall that the production relation is random. As N → ∞, a node has a link

directed toward it if it corresponds to a chained order. Thus, a node is linked with

probability µ. A node does not receive a link if it is spot, with probability 1−µ. Further-

more, recall that each chained order is funded and thus belongs to specific payment

chain which, in turn, starts with a specific spot order. Thus, there is a one-to-one rela-

tion between each payment chain and a spot order. Hence, there are N s chains in total,
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which we can also index by i ∈ N s. If chain i forms a chain of length zero, it must be

that P (i) ∈ N s. This, happens with probability 1 − µ—because each production link

indeed occurs with equal probability. Likewise, chain i is of length 1 if P (i) ∈ N x but

P (P (i)) ̸∈ N x. This happens with probability µ×(1− µ). In a chain of length two, there

are two consecutive chained orders followed by a specific spot order. This occurs with

probability µ2 (1− µ). Proceeding by induction, we arrive at the geometric distribution.

The length distribution is convenient for obtaining a measure of economic losses.

For that, we turn to our specific micro-foundation.

TFP. We use this distribution to obtain aggregate production: we first derive the pro-

duction in a chain of arbitrary length. In a chain of length zero, there is always a spot

order whose production begins immediately. In a chain of length one, the production

of the first spot order begins immediately, but there is a delay in the second order. For

the second order, the funds are received after 1 − δ of the production of the first order

is finished. This happens at time τ = 1 − δ. Hence, this leaves only δ time to produce

the second order in the chain. For the second order, production is δ of which the 1 − δ

fraction must be inspected. If there is a third order in the chain, the transfer of funds

occurs (1− δ) δ time after the first transfer at 1−δ. Adding these consecutive delays, the

production of the third order can only start by (1− δ) + δ (1− δ) = 1− δ2. This leaves δ2

time to produce that third order.

We can deduce a pattern by forward induction.19 In a chain of length n, the produc-

tion vector of n+ 1 consecutive orders in a chain is {1, δ, δ2, . . . , δn}. Using the distribu-

tion of chain lengths to compute expectations, we obtain aggregate production.

Proposition 2. (Output per worker): Given µ and δ, the average output corresponding

to chained orders converges, as N → ∞, to:

A (µ; δ) =
1− µ

µ

δ

1− δ
ln

(
1− δµ

1− µ

)
< 1. (2)

19If the k-th node initiates production at time 1 − δk−1, the delay from its inspection is (1− δ) δk−1,
which added to previous delays leads to a transfer of funds only by time 1− δk−1 +(1− δ) δk−1 =: 1− δk.
This, leaves δk time for production to the subsequent unit. Since we computed the delay for k = 1, 2, . . ..
the productions in a chain of length n are {1, δ, δ2, . . . , δn}.
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A is strictly concave, decreasing, and satisfies limµ→0A (µ; δ) = δ and limµ→1A (µ; δ) =

0 and limδ→0A (µ; δ) = 0 and limδ→1A (µ; δ) = 1. Average output is Y (µ) = (1− µ) +

µA (µ) ≤ 1.

This theorem is key as it yields a formula output: To obtain output, we first compute

the average production among chained orders, A (µ; δ).20 A is strictly concave and de-

creasing in µ and has well-behaved limits.21 Total output Y (µ; δ) is constructed by not-

ing there are (1− µ) spot orders for which production is 1 and µ for chained orders

whose average production is A. Since labor is in fixed supply, Y is both output and TFP.

However, since efficiency losses are fully driven by utilization among chained orders,

we refer to A as TFP directly. To illustrate the formula for A (µ; δ) and its construction,

the left panel of Figure 6 plots the distributions of chain lengths—corresponding to two

values of µ. For the higher µ, the distribution shifts mass to chains of greater length.

The right panel graphs A as a function of µ, for two values of δ. Productivity falls as the

fraction µ increases. In turn, the lower δ, the greater the delays and the lower TFP.

The main insight is that TFP losses result from payment delays. It is worth distin-

guishing the sources of these losses from other environments. Unlike search models,

there are no congestion externalities—the production assignment s one-to-one. Un-

like sticky-price models, the fact that payments are the same across orders does not

have implications for production (input uses do not depend on prices). The source of

TFP losses are the production delays caused by payment delays. The economy is at

full capacity when if all transactions are spot. Importantly, TFP losses are magnified

by the random assignment of orders. Holding fixed the number of spot orders, if pay-

ment chains could be reorganized to be all of the same length, the economy would still

20To obtain output, we first compute the average production of chained orders in an n-length chain,(
n−1

∑n
i=1 δ

i
)

. With the average production of each chained orders, we can compute the expected value
of production in chains with at least one chained order. Integrating across all possible lengths, we obtain
A (µ; δ), the average production for chained orders. For that, we use the discrete probability (1− µ)µn/µ.
This is the distribution of chain length conditioned on n > 0, obtained from G (n;µ). Integrating across
all possible lengths, we obtain A (µ; δ), the average production for chained orders.

21With respect to the limits of A, as µ → 1 the chains become larger but their average production
decreases to zero since the additional production of chained order decreases exponentially. On the other
hand, when µ → 0 the chain length tends to 1 and thus per-worker productivity tends to δsince average
delay times converge to one period. In turn, when δ → 0 transfers take the full production period leaving
not time for production. Conversely if δ → 1, chained orders feature no delays. Interestingly, A (µ; δ)
resembles an entropy function. We are unaware of a connections between the geometric distribution, a
discounted sequence, and the entropy function.
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Figure 6: Chain-Length Distributions and TFP

Notes: Left panel graphs G (n) for µ = {0.6, 0.7}. Right panel A (µ) for δ = {0.5, 0.9}.

feature TFP losses, but less so than under random assignment (Jensen’s inequality).

Discussion: Reduction of Economic Complexity. The payments-chain network here

is simple. In practice, economies involve more complexity than exhibited here: Trans-

actions differ by size and are coupled in more intricate production networks. Moreover,

production ends by the end of the period and orders are not withdrawn.22 Studying

these richer dimensions would make the problem more realistic, but complicate the

analysis.23 Despite the crude assumptions, the payments-chain network illustrates the

effects of delays. A virtue is that we can obtain a mapping from a financial quantity, µ,

to measurable TFP. Because µ depends on agent decisions in the following section, we

can study policy exercises immune to the Lucas critique.

22To allow withdrawals, we would have to find an endogenous maximal chain-length provided that
we obtain a relative price for funds and production, as we do in the following section. In that case,
the production in a chain would drop to zero for orders above a given position. An analog, but more
complicated, formula to TFP, (2), can be derived for the case.

23Statistical physics handles combinatorial problems that lead to this complexity. Potentially, such
methods can be used in a similar environment to the one here. In particular, statistical physics offers
tools to calculate statistical properties of the system.
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3.1 Extensions

The formulas for the chain distribution and TFP can be generalized by relaxing several

assumptions that bring the model closer to the data.

Correlation in order types. The payment-chain network introduced above we as-

sumed no correlation among order types: a buyer faces the same chances of meeting a

spot or chained seller. We now allow for correlated order types, matching the clustering

we observe empirically (see Figure 5).

To introduce correlation, recall that the payments-chain network induces a binary

sequence of order types—spot or chained—along each chain. Fix a chain of length n;

the sequence of order types can be written as SN = {s, x, s, x, s, ..., x}. To introduce

correlation, it is convenient to model Sn as the realization of a Markov chain, not in

time, but across positions in the payments network. That is, we interpret the realization

of the sequence of payments as evolving by position along a production chain, with

transitions governed by a Markov matrix.

Each realization of the overall network SN , for N → ∞, can then be understood

as a sample path from this position-based Markov process. The construction of the

network thus reduces to finding a stochastic matrix Q (a 2×2) matrix with non-negative

entries and column sums equal to one) that governs the transition probabilities across

payment types. Importantly, this matrix must preserve the unconditional frequencies

of spot and chained orders. That is, it must satisfy:

1− µ

µ

 = Q

1− µ

µ

 ,

where µ is the fraction of chained orders that preserves the populations of order types.

A special case is the i.i.d. network introduced earlier, where links are independently
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assigned as spot or chained (with probabilities (1− µ) and µ), with transition matrix:

Qiid =

1− µ 1− µ

µ µ

 .

To allow for correlation between adjacent positions in the chain (i.e., conditional de-

pendence), we generalize this to a one-parameter family of matrices Q(ρ):

Q (ρ) ≡ Qiid +


µ

1− µ
ρ −ρ

− µ

1− µ
ρ ρ

 ,

where the correlation parameter ρ ∈ [−µ(1 − µ),min{µ, 1 − µ}] , satisfies the station-

arity condition. This form ensures that the overall fraction of chained orders remains,

µ, while introducing correlation: a positive value of ρ implies that chained orders are

more likely to be followed by chained orders, and similarly for spot orders. We will

describe how TFP will change in this case in brief, and provide more details on this

representation in Appendix B.1.

Default When default is possible, the payment-chain distribution is still distributed

geometric (in terms of contracted payments). However, the realization of payments

and production is truncated after some chain position η. This would be the case, for

instance, if there was a freeze in bank accounts that did not allow payments to flow for

certain firms. Thus, aggregate production among chained orders in a chain of length n

is given by:

yx (n) =


δ
(

1
1−δ

− δn

1−δ

)
, if n ≤ η

δ
(

1
1−δ

− δη

1−δ

)
, if n > η.

More details behind these results are presented in Appendix B.2.
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Heterogeneity in Delays Empirically, we observed that an important share of firms

made chained orders, but upon receiving funds, they transferred them immediately to

their suppliers. To better align the theory with this finding, we can allow for some pay-

ments associated with chained orders to be transferred immediately when a payment

is received. In particular, we assume that the receiver of funds experiences a delay with

probability q. This probability is i.i.d., but clearly affects the production of chained

orders only. In this case, given a chain of length n, whose size is still distributed geo-

metrically, the probability of k delays is given by a multinomial:

M (k, n) =

 n

k

 qk (1− q)n−k .

Thus, output is given by the joint distribution of chain length and the distribution of

delays in the chain, which is now a multinomial. Details are provided in Appendix B.3.

Modified Formulas. We present the formulas for TFP for the variations of the model

described above, with correlation, default, and heterogeneity. When we allow for cor-

relation, the chain-length distribution is again distributed Geometric with parameter

p = µ+ ρ instead of µ. Moreover, formula for TFP is given is the same as in the baseline

model, but with argument p instead of µ. That is, the TFP is A (p) .

• If furthermore, chained-orders in position η or above default TFP is given by:

Ad (p; η) =
1− p

p

δ

1− δ

(
log

(
1− δp

1− p

)
−
(
δη

δp
Φ (p, 1, η)− 1

δp
Φ (pδ, 1, η)

))
.

where Φ (z, 1, η) is the Lerch transcendent:

Φ (z, 1, η) =

∫ ∞

0

exp (−ηt)

1− z exp (−t)
dt.

• If we allow for immediate payment transfers:

Ai (µ; q) = (1− q) +
1− p

p

δ

1− δ

(
log

(
1− p (1− q + δq)

1− p

))
.
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Notice that ρ = 0, we have no correlation and the formulas boil down to the baseline

for η → ∞ or q = 1, respectively.

Resampling. This extension aims at reproducing the empirical distribution of chain

lengths in Figure 12. We assume that after observing their position in a chain, chained

types can attempt to resample. Potentially there is a cost to do so, but for starters, let’s

assume there is no cost, and only assume that types above n > η, instead of defaulting,

can resample. When they do so, they resample, they contact another supplier at ran-

dom, which can indicate the chained supplier at the end of their chain. If they do so,

these orders can be be placed at the end of the chain of the supplier they contact. Thus,

all chains of n > η now shrink to η. The process repeats itself indefinitely until there

are no further resampling. In this further extension, we show that the final distribution

is no longer Geometric, but governed by the evolution of Fokker-Planck equation that

depends on several details of the chain formation process. The salient feature is right

truncation and the movement of mode of the distribution of chain lengths towards

numbers above one, as described in more detail in Appendix B.4.

Alternative use of time. In the baseline version, we assume that labor remains en-

tirely idle as sellers are waiting for payment. As a final extension, we make the, per-

haps more realistic assumption, that labor has an alternative use, namely, to produce

a generic product that can be sold in a common market. The generic product is worth

α < 1 units of the customized product. Then, TFP losses should be scaled up by:

Z (µ) = α + (1− α)Ai (µ; q) ,

so that when output is entirely wasted α → 0 and we recover the original formula

whereas when the alternative use of time is a perfect substitute α → 1 and there is

no loss.
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4. Payments-Chains in a Business-Cycle Model

We now incorporate the payments-chain network into a business cycle setting. We use

the results of the previous section as inputs.

4.1 Environment

Timing. The horizon is infinite. Expenditure and savings decisions are programmed

at integer dates, t = {0, 1, 2, ...}. Production happens within the time interval between

integer dates, according to the payments-chain network of the previous section. It is no

longer necessary to refer to the time interval of production; it is understood to happen

within dates. There is perfect foresight. Labor units are the numeraire.

Demographics. The economy is populated by two households. One is the worker

household that inelastically supplies labor and starts with negative financial wealth.

The other is the saver household that has positive financial wealth but does not pro-

duce. Each household consumes goods by placing production orders in the payments-

chain network. We use superscripts s and w to distinguish saver from worker vari-

ables. The advantage of this setup is that it allows for closed forms, akin to endowment

economies with log-utility, while allowing for labor income.

Income, Expenditures, Transactions, and Prices. Production and consumption de-

pend on the expenditure mix between spot and chained orders by both households.

The worker household is endowed with N labor units. As in the previous section, a la-

bor unit is assigned to a single order. We normalize payment per labor unit to 1/N so

that total labor income is one.

We work with the limit as N→ ∞. As we increase the number of orders, we scale

the production of each labor unit by 1/N , to keep maximal feasible production equal

to one. Implicitly, households place a large number of orders. Aggregating across all

those orders, the risk in the position of a chain order is diversified. This assumption is

akin to the classic ‘big-family” assumption of Lucas and Stokey (1987). In the previous

section, we assumed that all production units are paid the same, regardless of their
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production. A motivation for this assumption is pairwise stability.24

At any t, both households choose amounts of spot and chained orders. To place spot

orders, households must possess funds. Savers do not produce, so they are restricted to

only making spot payments. For the rest of the paper, it is understood that the saver’s

period consumption Cs is purchased via spot orders. By contrast, the worker house-

hold has to choose between spot and chained orders. The total of goods purchased by

workers is Cw

Cw = Sw +Xw, (3)

where Sw and Xw are her goods purchased via spot and chained orders (henceforth,

spot and chained goods respectively). As in the previous section, each chained order

must be backed by a labor income unit.

Aggregating across households, there is a total of S spot goods and X chained goods

produced. In turn, adding the expenditures of both households, expenditures in spot

and chained orders are Es and Ex, respectively. In equilibrium, the total income (of

households) must equal total expenditures, so Ex + Es = 1. The ratio of chained ex-

penditures to total expenditures is µ = Ex and, thus, Es = 1− µ.

In the previous section, we worked with integer amounts of production units and

orders. We further imposed the countability condition, N = N s + Nx. Here, expendi-

tures are not restricted to be natural numbers when households decide on them. More-

over, we impose a labor market-clearing condition. Both properties are internally con-

sistent. To see this, we can count the number of spot and chained orders with a floor

and ceiling function, N s = ⌊Es
t × N⌋, Nx = ⌈Ex

t × N⌉, given expenditure choices. The

countability condition is satisfied as long as Ex + Es = 1; any inconsistencies—due to

rounding errors—between the expenditure choices and the number of goods bought

vanish as N→ ∞.

Recall that total output depends on µ. Since for each spot order, there is one unit

of output, Es = S = 1 − µ. Thus, using Theorem 2 we have that µA (µ) = X. If we

24See Bloch and Jackson (2006) for a definition. Applied here, pairwise stability requires agents to
accept the links in a network at the moment of placing orders—without knowledge of the location in the
network. To accept an order, labor units must be paid the same. Otherwise, they would sever links and a
new network would dissolve. In tun, to place an order, households must be willing to do so, anticipating
the average amount of goods obtained by placing spot and chained orders, respectively. This is the case
in this model.
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substitute µ = Ex into this relation, we find that Ex = A−1 (µ)X. Because the number

of orders tends to infinity, we can treat q (µ) ≡ A−1 (µ) as a price of chained goods per

unit of chained expenditure. We use this auxiliary price, to define a worker expenditure

bundle:

Sw + q (µ)Xw = Ew. (4)

where Ew are the worker expenditures.

Savers. The saver’s period utility is log (·). He maximizes discounted lifetime utility

over the sequence {Cs
t }. Savers begin each t with real deposits, Dt, their only source of

wealth. Deposits earn an equilibrium return Rt. Given Dt, savers choose future savings,

Dt+1, and current expenditures.

Problem 1. (Saver Problem): Given D0 and {Rt+1}t≥0,

max
{Cs

t }t≥0

∑
t≥0

βt log (Cs
t ) ,

subject to the budget constraint, R−1
t+1Dt+1 + Cs

t = Dt, ∀t ≥0.

Workers. The worker’s preferences are the same. Different from savers though, work-

ers begin each t with debt, Bt, and choose between current expenditures and future

debt Bt+1. The choice Bt+1 is limited by a natural debt limit, B̄ = 1/(1 − β). Because

they are in debt, the worker must borrow intra-period to make spot expenditures, .

Namely, she comes with Bt, but increases her debt to Bt + Sw
t at the start of the period.

This intra-period debt carries no interest. Its repayment is always feasible since total

labor income always exceeds worker expenditures—because saver and worker expen-

ditures add up to labor income in equilibrium.By the end of the period, intra-period

debt is either paid or added to the balance of Bt+1, depending on the worker’s overall

expenditures. Critically, intra-period debt is limited by a time-varying spot-borrowing

line (SBL), B̃t:

Sw
t ≤ S̄t ≡ max

{
B̃t −Bt, 0

}
. (5)

An interpretation of B̃t is that it is a credit line that caps the amount of intra-period

borrowing by S̄t.
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The worker can consume without placing spot orders by placing chained orders.

However, chained orders are costlier because q ≥ 1.

Problem 2. (Worker Problem): Given B0 and
{
Rt+1, B̃t

}
t≥0

,

max
{Sw

t ,Xw
t }t≥0

∑
t≥0

βt log (Cw
t ) ,

subject to the budget constraint, Bt+Ew
t =R−1

t+1Bt+1+1, ∀t ≥0, to the expenditure mix (4)

and total consumption (3), to the intra- and inter-period constraints (5), and to the nat-

ural debt limit Bt ≤ B̄.

Clearly, the worker will always prefer to make spot payments. However, if the worker

has little intra-period borrowing capacity she has to make costly chained expenditures

to reach a desired level of consumption.

Market Clearing. Clearing in the asset market requires:

Dt = Bt. (6)

Recall that since savers do not work, they must always maintain positive savings, Dt >

0. Thus, without loss of generality, we work under the assumption that the worker is

always in debt. Hence, from now on, we no longer refer to Dt, and use Bt to represent

both saver deposit and worker debt. Given the consumption choices of both house-

holds, {Xw
t , S

w
t , C

s
t }, the goods-market clearing condition is:

Cs
t + Sw

t +Xw
t = Y (µt) . (7)

Adding both household’s budget constraints yields an income-expenditure identity:

Cs
t + Sw

t + qtX
w
t = 1. (8)

Definition 2. Given a sequence of
{
B̃t

}
t≥0

, a sequence {Bt, C
s
t , S

w
t , X

w
t , Rt, qt}t≥0 is a

symmetric competitive equilibrium if:
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1. Given {Rt, qt}t≥0, {Bt, S
w
t , X

w
t }t≥0 solves the worker’s problem and {Bt, C

s
t }t≥0 solves

the saver’s problem.

2. Markets clear; (6) and (7) are satisfied.

In equilibrium, the ratio of chained expenditures satisfies the following payments

identity:

µt = q (µt) ·Xw
t . (9)

4.2 Characterization

Household problem solutions. The solution to the saver’s problem is typical of log

utility and goes without proof.

Proposition 3. Given B0, the solution to the saver’s problem is:

Cs
t = (1− β)Bt and Bt+1 = Rt+1βBt ∀t ≥0. (10)

The worker’s problem is more involved. Given total expenditures Ew
t , since qt ≥ 1,

cost minimization requires the worker to spend spot as much as her SBL allows. Thus,

given Ew
t , spot and chained expenditures are respectively:

Sw
t = min

{
S̄t, E

w
t

}
(11)

and

Xw
t =

(
Ew

t −min
{
S̄t, E

w
t

})
/qt. (12)

Given this optimal split, we invoke the principle of optimality to cast the worker’s prob-

lem into a Bellman equation:

Problem 3. (Worker (Recursive ) Problem ): Given B0 and
{
B̃t, Rt+1, qt

}
t≥0

, workers

choose a sequence of debt holdings {Bt+1}t≥0 which follow from the solution to:

V w
t (B) = max

B′≤B̄
log (Sw +Xw) + βV w

t+1 (B
′) (13)
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where Sw and Xw are given by (11) and (12), respectively, and total expenditures by Ew =

B′R−1
t+1 + 1−B.

The time index in the value function reflects the time dependence on Rt+1, qt, and

B̃t.The Bellman equation reformulates the worker’s problem as an expenditure-savings

problem. The solution yields total expenditures. Using total expenditures as inputs to

the optimal expenditure rules, (11) and (12), we obtain optimal spot and chained con-

sumption. The Bellman equation is key to understand the business-cycle implications

of payments-chain networks. The following lemma identifies two threshold points that

characterize the worker’s expenditure mix in terms of their debt.

Lemma 1. (Expenditure Threshold Points): Define the efficiency threshold, B⋆
t+1 ≡

Rt+1

(
B̃t − 1

)
. Then, Sw

t+1 = 0 if and only if Bt+1 > B̃t+1. In addition, Xw
t > 0 if and

only if Bt+1 > B⋆
t+1.

Proof. The proof is immediate. If Bt+1 > B̃t+1 , the worker cannot spend spot. In turn,

Bt+1 > Rt+1

(
B̃t − 1

)
happens if and only if Ew

t = Bt+1/Rt+1 − Bt + 1 > B̃t − Bt. In that

case, the worker spends sufficiently high that his chosen expenditure Ew
t requires him

to spend on some chained orders.

It is convenient to define some relevant objects derived from these threshold points.

Definition 3. (Marginal Prices and Marginal inflation):

I. The average price per unit of worker expenditure is Qt ≡ Ew
t /C

w
t .

II. Given B′, the price of the good at t bought with a marginal increase in B′ is:

q̃Et (B′) ≡ 1 + (qt − 1) I[B′≥B⋆
t+1]

,

the price of the good purchased at t+ 1 after a marginal decrease in B′ is

q̃Bt+1 (B
′) ≡ 1 + (qt+1 − 1) I[B′>B̃t+1].

These terms define marginal prices.
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III. Marginal inflation is Πt+1 (B
′) ≡ q̃Bt+1 (B

′) /q̃Et (B′), a continuous function of B′

except at discontinuity points
{
B⋆

t+1, B̃t+1

}
.

The average goods price is the ratio of expenditures to the quantity of goods the

worker buys. Marginal prices have the following interpretation: If at t the worker spends

on chained goods, the reduction in her debt is financed with a reduction in chained ex-

penditures. Otherwise, if she does not spend on chained goods, a reduction in her debt

is financed with a reduction in spot goods. Since the price of chained goods is qt and

the price of spot goods is 1, the worker sacrifices 1/q̃Et units of consumption per unit

of debt reduction. Likewise, if she spends spot at t + 1, any past savings can translate

into spot expenditure at t + 1. Otherwise, if she only spends in chained goods at t + 1,

any past savings translate into chained expenditures. Hence, the worker can buy 1/q̃Bt+1

additional goods by reducing her debt at t on the margin. Marginal inflation is the ratio

of marginal prices, a definition that enters the following generalized Euler equation.

Proposition 4. (Workers’s First-Order Condition): Fix a sequence
{
B̃t, Rt+1, qt

}
t≥0

such

that B̃t is an increasing and βRt+1 ≤ 1. Then, any solution {Bt+1}t≥0 to the worker’s

problem satisfies the following generalized Euler equation:

Ew
t+1

Ew
t

Qt

Qt+1

= β
Rt+1

Πt+1 (Bt+1)
if Bt+1 ̸= B⋆

t+1 (14)

and

βqtRt+1 ≥
Ew

t+1

Ew
t

≥ βRt+1 if Bt+1 = B⋆
t+1.

This Euler equation is unconventional, but the interpretation is standard. The left-

hand side is the ratio of marginal rates of substitution between t and t+1 consumption—

expressed in expenditures over average prices.25 The right-hand side captures the rela-

tion between discounting and rate of return, βRt+1; the novelty is that it is deflated by

marginal inflation. Marginal inflation enters the expression because this is the relevant

ratio of prices that deliver marginal utilities at t and ˙t+ 1, respectively q̃Et and q̃Bt+1. This

generalized Euler equation holds exactly except at the discontinuity point B⋆
t+1. The

inequalities that are satisfied when Bt+1 = B⋆
t+1 correspond to a sub-differential opti-

mality condition: the condition says that increasing debt is optimal to the left of B⋆
t+1,

25The ratio of expenditures to average prices, is the ratio of marginal utilities under log preferences.
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but not to its right.26

Importantly, the Euler equation is a necessary condition for optimality, but not suf-

ficient condition. The reason is that the objective function in the worker’s problem,

(13), is not concave in B′. This introduces further challenges. In particular, multiple

(finite) sequences of Bt+1 indexed by an initial choice of B1, may satisfy the Euler equa-

tion. This property leads to the possibility of hysteresis in general equilibrium. Before

explaining this, we present a characterization of the worker’s problem in partial equi-

librium.

Proposition 5. (Stationary Worker Problem): Fix B̃t = Bss andRt = β−1 and let B̃ss > 1.

Let B⋆
ss ≡ B⋆

(
1/β, B̃ss

)
. Then, a solution to the worker’s problem satisfies:

I. If B0 ≤ B⋆
ss, then Bt = B0 ∀t.

II. There exists a threshold Bh > Bss such that:

⋄ If B0 < Bh, then Bt → B⋆
ss in finite time

⋄ If B0 > Bh, then Bt = B0 ∀t.

The threshold Bh and the convergent sequence is given in the proof.

The proposition characterizes the dynamics of Bt: a sharper characterization of

convergence in terms of convergence times is provided in its proof. The proposition

showcases the domains of attraction toward steady-state solutions. To illustrate the

proposition, Figure 7 plots a numerical solution to the worker’s Bellman equation and

its policy functions when Rt+1 = β−1 and B̃t = B̃ss > 0. We also overlay the value func-

tions corresponding when B̃t = 0 and when B̃t = ∞. We denote these value functions

by V and V̄ respectively.

For debt levels below B⋆, V lies on top of V̄ . When B < B⋆, the worker can con-

sume the annuity of his human capital minus the interest on his debt, entirely on spot

consumption. This possibility yields the same value, V̄ , as if the SBL is never binding,

B̃t = ∞. When debt is above a threshold Bh, the value function lies on top of V . When

26There is also a discontinuity in the Euler equation at Bt+1 = B̃t+1, but the corresponding sub-
differential does not yield an optimality condition.
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B > Bh, the worker can consume the annuity of his human capital minus the inter-

est on his debt, but in this case, entirely on chained consumption, paying an effective

price q > 1. When B > Bh, even though the worker could potentially save to enjoy

better prices in the future, she has no incentives to save. She has no incentives to save

because the benefits of deleveraging come too far in the future and require an excessive

sacrifice of current consumption. In that case, her value function is V , as if she could

never access short-term funding. For moderate debt levels, when B ∈ (B⋆
ss, B

h], the

worker will delever until her debt falls below B⋆. All in all, saving away from financial

constraints happens if the SBL constraint is not too tight. This property leads to the

possibility of hysteresis.

B? B$( ~B)~B 7BBh

7V
V

Vss(B; ~B)

(a) Value function

B? B$( ~B)~B 7BBh

B0

B

(b) Debt Policy

B$( ~B)~B 7BBh

Sw(B)
Xw(B)
C(B)

(c) Consumption Policy

Figure 7: Bellman Equation and Policy Functions: Worker Problem

Note: Figures are calculated using value function iteration: β = 0.8, q = 1.75 and B̃ = 0.4 · B̄.
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Equilibrium Dynamics: From Sequential to a Functional Representation. We now

analyze the equilibrium dynamics of Bt. The equilibrium is recursive with state vari-

able Bt×B̃t×B̃t+1 ∈ [0, B̄]3. A recursive representation requires that we have a relation-

ship between a sequence and a recursive formulation: a variable mt, can be expressed

as an equilibrium function, m : [0, B̄]3 → R+ such that mt = m
(
Bt, B̃t, B̃t+1

)
. Hence,

from now we use m to represent the function that maps the state into its equilibrium

value mt. We also adopt the convention of using m′ to refer to mt+1.

Using the recursive formulation, from (10), (8), and (11) we have:

Cs (B) = (1− β)B, Ew (B) = 1− (1− β)B, (15)

and

Sw
(
B, B̃

)
= min

{
S̄
(
B, B̃

)
, Ew (B)

}
.

Several other equilibrium functions are deduced from these functions directly: µ =

Ew − Sw, q ≡ A−1 (µ), Xw ≡ µ/q, Q ≡ Ew/Cw, and, finally, Cw ≡ Sw +Xw.

The only endogenous argument of the state is Bt. Thus, we need a map B from the

current state to its future value, B′ = B
(
B, B̃, B̃′

)
. If we obtain that map, the equilib-

rium rate will satisfy Rt+1 = R
(
Bt, B̃t, B̃t+1

)
where R

(
B, B̃, B̃′

)
≡ β−1B

(
B, B̃, B̃′

)
/B,

following the saver’s optimal rule. With that equilibrium function, we can define the

threshold function B⋆
(
B, B̃, B̃′

)
≡ R

(
B, B̃, B̃′

)
·
(
B̃ − 1

)
. We solve for B below, after

defining a functional representation for the equilibrium prices:

Π
(
B′;B, B̃, B̃′

)
≡ q̃B

(
B′; B̃′

)
/q̃E

(
B′;B, B̃, B̃′

)
,

where

q̃E
(
B′;B, B̃, B̃′

)
≡ 1 +

(
q
(
B, B̃

)
− 1
)
· I[B′≥B⋆(B,B̃,B̃′)]

and

q̃B
(
B′; B̃′

)
≡ 1 +

(
q
(
B′, B̃′

)
− 1
)
· I[B′>B̃′].

To find B, we combine the worker and saver Euler equations, (14) and (10). We

then substitute out Rt+1 and use the equilibrium worker expenditures (15), to obtain
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an equilibrium condition B′:

B

1− (1− β)B
·Q
(
B, B̃

)
︸ ︷︷ ︸

≡E(B;B̃)

=
B′

1− (1− β)B′

Q
(
B′, B̃′

)
Π
(
B′;B, B̃, B̃′

)
︸ ︷︷ ︸

≡E ′(B′;B,B̃,B̃′)

. (16)

The left and right hand sides define functions equations E (B′;B) and E ′
(
B′;B, B̃, B̃′

)
.

At equality, these functions define the law of motion of debt. Because Q is discontinu-

ous, there may be multiple solutions B′. The following result tells us that in a transition,

the lowest value is valid.

Proposition 6. (Equilibrium Rates and Expenditures): Consider a weakly monotone

increasing sequence of spot borrowing lines B̃t → B̃ss. For any B0 < Bh
(
B̃ss

)
, if an

equilibrium exist, then Bt+1 = B
(
Bt, B̃t, B̃t+1

)
where

B
(
B, B̃, B̃′

)
= max

{
B⋆
(
B̃
)
, argmin

B′

{
E
(
B′;B, B̃, B̃′

)
= E ′

(
B′;B, B̃, B̃′

)}}
.

Proposition 6 is key to describing the dynamics.27

Steady States. We use the subscript ss to denote steady states. In principle, work-

ers could make both spot and chained expenditures in steady state. However, from

the saver’s problem we know that in steady state, Rss = β−1. To be consistent with

the worker’s law of motion for debt, the worker’s marginal inflation must also equal

one. Hence, in a steady state, the worker makes either only spot expenditures or only

chained expenditures. We define an undisrupted steady state as a steady state with

only spot expenditures, and Yss = 1. In turn, we define an disrupted steady state as

a steady state where workers only make chained expenditures, and Yss < 1. The fol-

lowing corollary presents a condition that guarantees that the economy is in an undis-

rupted steady state.

27Implicitly, the proposition yields an algorithm to compute equilibria. Starting from, B0, the se-

quence of debt generated in equilibrium is given by B
(
B, B̃, B̃′

)
, which is the smallest solution B′ to

the equation E
(
B′;B, B̃, B̃′

)
= E ′

(
B′;B, B̃, B̃′

)
. For each B, we obtain B′ and update the state accord-

ingly.
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Corollary 1. Fix B̃t = B̃ss. For any B̃ss > 0, the economy is in an undisrupted steady

state for any Bt ≤ B∗
ss.

If Bt ≤ B∗
ss the worker can borrow (intra-period) more than his current income net

of interests. If that is is the case, the economy is in an undisrupted steady state.28

Convergence Toward Undisrupted Steady States. Next, we describe the domain of

attraction toward undisrupted steady states. The domain of attraction toward undis-

rupted steady states is the region for which the equation E (B′;B) = E ′
(
B′;B, B̃, B̃′

)
has a solution where B′ < B. This region has an upper bound:

B∗
(
B̃
)
≡ B̃/

(
Cw
(
B̃, B̃

)
+ Cs

(
B̃
))

≥ B̃.

This inequality follows from total consumption being less than total expenditures. We

have the following.

Corollary 2. Let B̃t = B̃ss. For anyB0 < B∗
(
B̃ss

)
, Bt+1 < Bt ifBt ∈

(
B⋆(β−1, B̃ss), B

∗(B̃ss)
)

and Bt+1 = Bt if Bt ≤ B⋆(β−1, B̃ss, B̃ss). If, in addition, B̃ss > 1 the economy converges

toward an undisrupted steady state in finite time (and approaches zero debt if B̃ss ≤ 1).

Corollary 2 describes the domain of attraction toward undisrupted steady states.

If the worker holds debt between B̃ and B∗
(
B̃
)

she repays her debts.29 The delever-

age will continue until she reaches a steady state debt once B∗
ss. An implication is that

payments-chain crises are only temporary in the domain of attraction toward undis-

rupted steady states.

Figure 8 describes a transition toward an undisrupted steady state. The left panel of

the figure plots different debt levels in the x-axis, holding B̃ fixed. The solid blue and

dashed gray curves plot the functions E and E ′ correspondingly. The arrows in the fig-

ure trace the path of debt generated in equilibrium, following the sequence of solutions

to B′ implicit in Proposition 6. For initial conditions where B0 > B∗
ss, the economy fails

to converge. In that region, the only solution to E = E ′ happens at B′ = B. The mid-

dle panel plots the equilibrium interest rate, R
(
B, B̃, B̃′

)
. The right panel highlights a

28Observe that if B̃ss ≤ 1, then B⋆
(
β−1, B̃ss

)
> 0 in which case, no undisrupted steady state exists.

29Indeed, they will delever at the rate R < β−1 consistent with the condition in Proposition 4. In this
region, equation (16) may have two solutions, but only the lowest value of B′ is optimal.
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gray area in the phase diagram, this is the area of hysteresis where a transition to the

efficient steady state fails.

Proposition 6 and Corollary 2 help us interpret transitions when the exogenous bor-

rowing limit
{
B̃t

}
is transitions toward a steady state. Indeed, we can interpret the

equilibrium path as the response to a credit crunch event. We know that as long as

B0 ≤ B∗
ss and B̃ss > 1, the economy converges to an undisrupted steady state. Figure 9

presents an example of a transition. The figure illustrates that there are different phases

in a transition. In its extreme phase, at the beginning of the transition, TFP remains

depressed at its lowest value because workers only spend by making chained orders

and debt remains constant. In the smoothing phase, workers anticipate that they will

be able to spend on spot goods in the subsequent period. To smooth consumption,

they increase current chained expenditures taking in more debt. This jump in debt

is followed by a recovery phase, where workers trade off consumption smoothing and

against paying off debt to increase their credit lines and spend spot. The repayment

phase corresponds to the last period with positive chained expenditures. Eventually,

the economy converges to an efficient steady state with less debt than at the start of

the transition. This pattern holds generically.

Debt-Overhang and Hysteresis of payments-chain Crises. we now study hysteresis

provoked by debt overhang.

Corollary 3. (Hysteresis): Let B̃t = B̃ss. For Bt ≥ Bh
(
B̃ss

)
, the economy is permanently

in a disrupted steady state.

Hysteresis occurs when debt is so large that the consumption sacrifice does not

compensate the benefits deleveraging. Recall from Figure 7 that for sufficiently high

debt levels, the worker’s value function yields the same value as if B̃t = 0 forever. When

these value functions overlap, the economy experiences debt overhang; she prefers to

stay put. The value functions are presented for the case where the rate is Rt+1 = β−1. Of

course, in general equilibrium, the rate is endogenous. Figure 8 depicts the region of

hysteresis in the gray area, and shows that the hysteresis region, equilibrium rates are

indeed, Rt+1 = β−1.30

30For that rate, the only solution to the equilibrium condition E = E ′ happens at B′ = B.
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Figure 8: Equilibrium Phase Diagram and Hysteresis Region

Note: Figures are calculated using value function iteration: β = 0.95, δ = 0.9, and B̃ = 0.2 · B̄. Panels (a) and (c) are the phase

diagram of Bt constructed by using E (B′;B) and E ′
(
B′;B, B̃, B̃′

)
. Panel (b) plots R

(
B, B̃, B̃′

)
in the range of values

[B⋆ − 1, B∗ + 2]. The shaded are in Panel (c) corresponds to the hysteresis region.

If debt starts in hysteresis region, it never falls. Excessive debt hampers the ability

to make payments quickly, and the economy ends up in a permanent state of under-

capacity production. With deterministic dynamics, hysteresis is a transient state. In

a more general setting, a hysteresis-like region where agents don’t delever, may be

reached via shocks that provoke excess optimism or low discount factors. This form

of debt overhang rationalizes several verbal descriptions of the Japanese lost decades

or the aftermath of the Euro sovereign debt crisis.

Finally, we note that the domain of attraction of undisrupted steady states and hys-

teresis are disconnected. This implies that when debt falls between B∗
ss and Bh, a sym-

metric competitive equilibrium does not exist. Exploring multiplicity of equilibria or
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Figure 9: Efficient and Competitive Transition after a Smooth Credit Crunch.

Note: This figure reports a numerical example of a credit crunch episode. Figures are calculated using value function iteration:
β = 0.95, δ = 0.9, and B̃ss = 0.1 ·B⋆. The crunch happens at period t=10. For t ∈ {11, 29},B̃t = 0. Then B̃t returns to steady
state according to an AR(1) process with coefficient 0.9. The transition ends at t=90 when B̃t = B̃ss.

solutions with asymmetric behavior is left for future work.31

Discussion: Interpretation of Financial Constraints. Saver spot payments represent

uses of internal liquid funds, i.e. deposits. The short-term funding limit, max
{
B̃t −Bt, 0

}
,

represent ‘credit lines”, i.e. credit card limits, overdraft facilities, or supply chain fi-

nance facilities. Thus, worker spot payments are uses of those lines.32 In turn, chained

payments can be thought of as outstanding account receivables against goods to be

delivered. In practice, many account receivables generate from contracts in which the

product is not delivered until a fraction of the payment is anticipated. Thus, they rep-

31Note that in this middle region, at an individual level, workers would want to delever as seen in
Figure 7. In general equilibrium, this would imply a rate below β−1, for which there are no solutions to
equation (16), as shown in Figure 8. The economy may possibly feature sunspot equilibria; a situation
we do not consider in this paper.

32Other examples of facilities are Business Credit Lines, Standby Letters of Credit and Supplier Finance
Programs. Under a Supplier Finance Program, the buyer wants to pay later, whereas suppliers request
cash. Supplier Finance enables suppliers to be paid by banks against the receivables. Descriptions of
these programs are offered by some of the largest financial institutions: J.P. Morgan Supplier Finance
Facility or Citibank Supplier Finance Facility.
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resent production agreements.

The SBL,S̃, is different from the debt limit, S̄, the hard debt limits that is most preva-

lent in macro finance models. The B̃ limit applies only to short-term funding, but

the worker has the option to roll over its repayment until the debt limit is reached. In

the section, we studied contractions in the SBL, while keeping the debt limit constant.

There is an economic motivation behind this modeling of credit crunch events: if credit

is intermediate by banks, if a bank wants to cut back on credit, it may be convenient to

tighten the SBL, but not necessarily to force workers to repay debt principals. If loan

repayment is suddenly forced, it can trigger costly defaults.

Finally, it is worth discussing the misallocation of funding. Due to the big family

assumption, the worker will receive labor income flows while there are still pending

chained orders. This happens because the worker may receive payment on spot orders

before it receives payments chained to chained expenditures. The big family assump-

tion is present to avoid a distribution of ex-post outcomes while keeping the simplicity

of the TFP function derived earlier. Chained orders would still induce delays even if

the worker pool funds from different orders.33 The option to pool funds will change the

exact functional form of the TFP function but not its essential features.

5. Policy Implications of Payments-Chain Crises

5.1 Constrained Inefficiency

In Section 4, we expressed the chained expenditure ratio as a function of debt levels.

In Section 3 we found that higher chained expenditure ratios lead to delays which pro-

voke declines in measured TFP. In part, those losses result from the poor organization

of payments chains, given a level of chained expenditures. Ideally, a planner would

reorganize payments so that each chain is of equal length, but governments do not

have that power. What governments can do is influence spending decisions. This sec-

33For the case where chained orders can be paid with any incoming payment, the chain length distri-
bution can again be derived analytically. In that case, for Nx > Ns, the minimal chain length would be
zero, the maximal chain length ⌈Nx/Ns⌉, and the probability distribution uniform among chains with
n ≤ ⌊Nx/Ns⌋. For Nx ≤ Ns, the minimal chain is zero with probability Ns −Nx and the maximal chain
length 1.
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tion studies such policies. Traffic regulation provides a useful analogy: governments

cannot assign drivers into different lanes, but they can tax vehicles. The spirit of the

exercise is not normative but, rather, to clarify the sources of constrained inefficiency.

Ideal Pareto Weights. To study constrained inefficiency, consider a transition in a

competitive equilibrium that reaches an undisrupted steady-state debt level Bss start-

ing from a debt level B0. We study a Ramsey planner problem with Pareto weights on

workers, θ, which delivers the same steady-state debt level as the competitive equilib-

rium:
1− (1− β)Bss

(1− β)Bss

=
θ

1− θ
. (17)

Since the economy is efficient in an undisrupted steady state, any difference between

the transition path of debt in a planner and competitive equilibrium solutions uncover

a constrained inefficiency only during transitions.

The Ramsey Problem. Consider a sequence of debt taxes
{
τ kt
}

, labor taxes
{
τ ℓt
}
, and

expenditure taxes {τ ct }. The Ramsey Problem is:

Problem 4. (Ramsey Problem): Given B0 and
{
B̃t

}
:

max
{τkt+1,τ

c
t ,τ

ℓ
t+1}t≥0

∑
t≥0

βt [(1− θ) log (Cs
t ) + θ log (Cw

t )] ,

subject to the (modified) saver budget constraint and optimality:

(
1 + τ kt+1

)
R−1

t+1Bt+1 + (1 + τ ct )C
s
t = Bt, ∀t ≥0,

to the (modified) worker budget constraint and optimality:

Bt + (1 + τ ct )E
w
t = R−1

t+1Bt+1 + 1− τ ℓt , ∀t ≥0,

to the government’s budget constraint:

τ kt+1R
−1
t+1Bt+1 + τ ct (C

s
t + Ew

t ) + τ ℓt+1 = 0, ∀t ≥0,
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and the structure of transactions: (i) optimal expenditures (11-12), (ii) total consump-

tion (3), (iii) the optimality conditions of the worker and saver problems, (iv) the pay-

ments constraints (9), and (v) the shadow price, qt = A (µt)
−1.

The Ramsey planner distorts the competitive equilibrium by using credit, labor,

and expenditure taxes. This planner cannot distinguish between the two expenditure

forms, but takes into account the agents’ optimal behavior, their constraints, market

clearing, respects the transactions technology, and satisfies budget balance.

The Primal Problem. we solve the Ramsey Problem by solving an equivalent Primal

Problem.

Proposition 7. (Solution to Ramsey): The allocations induced by a solution to the Ram-

sey Problem are the same allocations as the solution to the following problem:

Problem 5. (Primal Planner Problem):Taking
{
B̃t

}
as given:

max
{Bt}t≥0

∑
t≥0

βtP
(
Bt, B̃t

)

where

P
(
B, B̃

)
≡ (1− θ) log (Cs (B)) + θ log

(
Sw
(
B, B̃

)
+Xw

(
B, B̃

))
. (18)

Let
{
Bp

t+1

}
t≥0

be a solution to the Primal Planner Problem. The solution to the Ram-

sey problem can be implemented setting (1 + τ c0) = Bp
0/B0 and a sequence of debt taxes

(a formula is given in the proof).

The proposition asserts that the solution to the Ramsey Problem can obtained from

the solution of a Primal Problem where the planner directly chooses the sequence of

debt. This relation follows because the constraint set in the Primal Problem includes

the constraints of the Ramsey Problem.34 Hence, if a solution to the primal can be

implemented with taxes, it solves the Ramsey Problem. The proposition shows that

this is the case.
34This is immediate since market clearing in the asset market and the budget balance, implies, by

Walras’s law, that the resource constraint holds. In the implementation, capital taxes and a period-zero
expenditure tax are required by the Ramsey planner to distort the evolution of debt and replicate the
solution to the Primal Problem.
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The implementation of the Primal Problem is possible because the Ramsey planner

can set capital taxes to induce a desired path of debt {Bt}. Controlling Bt is key to the

implementation. A key property of the environment is that once Bt is known, the time

t allocation is determined: Current Bt determines the savers’ expenditures through the

constant expenditure rule of log utility. Since worker income is always one, and ag-

gregate income equals aggregate expenditures, worker expenditures are given once we

know saver expenditures. This is why the objective in the Primal Problem is separable

in time (18).

Time separability also implies that expenditure taxes are redundant after t = 0. All

that the Ramsey planner needs is a sequence of capital taxes to control the path of

debt and the labor tax to redistribute the capital tax receipts toward the worker. The

planner only needs expenditure taxes at t = 0 because debt is predetermined at t = 0.

Because the Ramsey planner can implement a time-separable primal planner problem,

an immediate lemma is that the optimal debt level at time t has a closed form that only

depends on the SBL level, B̃, at that period:

Lemma 2. (Static Primal Problem): The solution to the Primal Planner Problem Bt =

Bp
(
B̃t

)
where Bp is the solution to the following static problem:

Po
(
B̃
)
= max

B∈[0,B̄]
P
(
B, B̃

)
.

The solution to this static problem is key to understand the inefficiencies of this

environment.

Proposition 8. (Solution of the Primal Problem): The solution to the static problem Bp

has the following property:

we. Efficient Allocation. For B̃ ≥ 1−θβ
1−β

, the planner’s problem is unconstrained: A = 1

and expenditures are is in steady state (17).

II. Inefficient Allocations. For B̃ < 1−θβ
1−β

, the planner constraints bind. The planner

may or may not distort TFP and induce more or less debt than in steady state:
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II.a. Inefficient Insurance and Efficient Production. For B̃ ∈
[
B̃i, 1−θβ

1−β

)
, the planner

induces fewer saver expenditures than in steady state, Bp = B⋆
(
B̃
)
< Bss but produc-

tion is efficient A = 1. A marginal decrease in debt at Bp increases efficiency.

II.b. Inefficient Insurance and Inefficient Production If B̃s < B̃i, production is inef-

ficient, A < 1.

II.b.i Inefficient Insurance and Inefficient Production — Conflicting Case. If B̃ ∈[
B̃s, B̃i

)
, the planner induces fewer saver expenditures than in steady state, Bp < B⋆

(
B̃
)
<

Bss. Bp is the unique solution to

1− (1− β)B

(1− β)B
=

θ

1− θ

Q
(
B, B̃

)
q
(
B, B̃

)
q

(
B, B̃

)
− β

(
1 + ϵAµ

(
µ
(
B, B̃

)))
1− β

 . (19)

In this interval, a marginal decrease in debt at Bp increases efficiency.

II.b.ii Inefficient Insurance and Inefficient Production — Reinforcing Case. For B̃ ∈[
0, B̃s

]
, the planner’s problem yields a constant lowest value. The planner induces more

saver expenditures than in steady state. Bp is the unique solution to:

1− (1− β)B

(1− β)B
=

θ

(1− θ)

(
1 + ϵAµ (1− (1− β)B)

)
. (20)

In this interval, a marginal decrease in debt at Bp decreases efficiency.

The solution to the Primal Problem reveals a novel insight. Namely, during transi-

tions away from payments-chain crises, debt may be inefficiently high or inefficiently

low. The intuition behind this is that, for a given debt level, the planner can increase

output by reducing or increasing debt. By reducing debt, the planner distributes wealth

toward the worker and frees credit lines inducing greater spot expenditures. Alterna-

tively, by increasing debt, the planner distributes wealth toward the saver also stimulat-

ing spot expenditures. Both distributive policies distort social insurance, but increase

efficiency by speeding up production.
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The analytic expression for Bp reveals how the planner allocates expenditures, bal-

ancing productive efficiency against social insurance differently, depending on whether

B̃ falls in several intervals. There are four intervals of values of B̃ where the planner’s

solution is qualitatively different. These actual critical values depend on the threshold

points 1+θβ
1−β

and
{
B̃s, B̃i,

}
whose formulas are found in the proof.

The first interval of values is where B̃ is a above a threshold level above which the

SBL constraint is not binding. In particular, if B̃ ≥ 1+θβ
1−β

, the planner sets B = Bss, and

production is efficient. Furthermore, the ratio of marginal utilities equals the ratio of

Pareto weights—efficient social insurance is satisfied condition (17).

If B̃ is below the efficiency threshold, 1+θβ
1−β

, the planner distorts either social insur-

ance or productive efficiency. The novelty is that the planner has two ways to increase

productive efficiency: the planner can increase efficiency on the margin, either by dis-

tributing wealth toward the worker if B < B̃ or by distributing wealth toward the saver

if B > B̃. To see this, observe that in the region where B < B̃, any further reduction

in debt translates, on the margin, into more spot expenditures by the worker and, thus,

increases efficiency. In the region where B > B̃, any increase in debt translates, on the

margin, into more spot expenditures by the saver, also increasing efficiency. Because

of this ambivalent nature, the planner’s objective function P
(
B, B̃

)
is not concave in

B, leading to bang-bang solutions as B̃ varies.

Figure 10 for describing the economics of the Primal Problem, in the regions away

from efficiency. The left panel plots Bp for different values of B̃. In the interval of values

where B̃ falls in a second interval, i.e. when B̃ ∈ [B̃i, 1+θβ
1−β

), the planner solution induces

productive inefficiency, A = 1, but but the ratio of marginal utilities no longer the ratio

of Pareto weights, as in (17). To understand why the planner does not distort produc-

tion, observe that because B⋆
(
B̃
)

< Bss, productive efficiency can only be achieved

only by setting Bp = B⋆
(
B̃
)

< Bss. Setting debt at B⋆
(
B̃
)

, which is less than its

steady-state value, implies that saver expenditures are less than in steady-state. Thus,

in this interval the planner sacrifices social insurance by redistributing wealth toward

the worker to guarantee productive efficiency. The planner’s solution is at a corner

because the derivative of his objective is discontinuous at B⋆
(
B̃
)

. This discontinuity

follows from the payments-chain network structure: the property that A (0) < 1, which
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captures that even when the chained expenditure ratio is zero, and individual chained

order features a production delay.

When B̃ is in a further tighter and falls in the third interval, B̃ ∈
[
B̃s, B̃i

)
, the Plan-

ner begins to sacrifice productive inefficiency. To maintain productive efficiency, for

those levels of the SBL, the planner would have to redistribute even more wealth to the

worker at the expense of saver expenditures. In that region, sacrificing social insur-

ance only is not worth it. Hence, the planner sets debt above its efficient level, thus

B⋆
(
B̃
)

< Bp < B̃. Therefore, in this interval, the planner still redistributes wealth

(relative to steady state) toward the agent facing the financial constraint, but the plan-

ner does partially sacrifice productive efficiency. The planner balances productive ef-

ficiency and social insurance, as given by equation (19).

When B̃ falls below an extreme value, in the fourth interval, B̃ < B̃s, the nature of

the planner’s solution changes dramatically. Increasing productive efficiency by redis-

tributing wealth toward the worker requires the planner to set debt below B̃. However,

when B̃ < B̃s, setting debt so low would requires an extremely high sacrifice of saver

consumption. Below that threshold, the planner prefers to redistribute wealth away

from the worker, the constrained agent. Since the planner sets B > B̃, the planner in-

duces only chained expenditures by the worker. Once the worker only makes chained

expenditures, the SBL becomes irrelevant, so the planner chooses a constant debt level

in this region. This debt level is higher than the unconstrained ideal debt level Bss and

given by Equation (20). Debt is higher than in steady state because the planner un-

derstands that a marginal increase in debt increases the wealth and, therefore, spot

expenditures of savers. This increases productive efficiency.

The ambivalent nature of the planner’s problem is germane to the nature payments-

chain crises. In typical models with pecuniary externalities, a planner wants to rebal-

ance wealth toward the financially constrained agents to increase productive efficiency.

Thus, typically, social insurance and productive efficiency reinforce each other. Here,

for extremely low values of B̃, the planner switches to a policy mix where social insur-

ance and efficiency are in conflict. The middle and right panels of Figure 10 illustrates

the change in the planner’s strategy: In the middle panel, the planner prefers a value

of debt where social insurance and efficiency complement. The right panel shows how
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he switches strategy as the SBL is tighter.

(a) Planner debt choice (b) P
(
·, B̃
)

(moderate B̃)

(c) P
(
·, B̃
)

(tight B̃)

Figure 10: Primal Planner Solution

Note: This figure reports a numerical example of the planner’s solution. Figures are calculated using value function iteration:
β = 0.95, δ = 0.9, and θ = 0.75. Panel (a) plots Bp as a function of values of B̃ in the range [0.1, θ + 0.1] ∗Bstar . Panel’s (b) and
(c) plot the objective of the planner for different values of B in the range [0, 1.8]. Panel (b) fixes B̃ at 0.15 and Panel (c) at 0.08.

Competitive Equilibrium vs. Efficient Transitions: An illustration. To illustrate how

transitions during a payments-chain crisis are inefficient, Figure 9 overlays the planner

solution to the competitive equilibrium described above. During the extreme phase of

the crisis, the planner redistributes wealth toward savers to induce more spot expendi-

tures. To do so, the planner must subsidize savings. From the outset, the policy seems

draconian: the planner taxes the agent suffering most, the worker, to subsidize savers.

By making savers wealthier, the planner induces more spot expenditures. The increase

in saver wealth increases TFP and, actually, leads to an increase in worker consumption
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despite that they are taxed more heavily. The increase in worker consumption comes

about through the reduction of the price of chained consumption, which more than

offsets the increment in labor taxes. A regressive policy from the outset, increases the

welfare of both agents.

During the recovery phase, as B̃ increases and enters the extreme valued interval,

the planner reverses the policy. In this region, the planner taxes savings to reduce debt.

In doing so, the planner frees some spot-borrowing capacity, and the worker can then

make some spot expenditures. As the credit standards are further relaxed, the planner

increases debts slowly reaching the efficient steady state.

Though we considered the planner solution along a transition toward an undis-

rupted steady state, we also know that the planner solution described in Proposition

8 would not allow hysteresis in payments-chain crises.35 A takeaway is that exiting the

hysteresis region, may require policies that seem draconian from the outset.

5.2 Fiscal Policy and the Bocola Effect

Fiscal Policy: when the government pays matters. We now consider government ex-

penditures. We distinguish between spot government expenditures and expenditures

chained to future tax receipts. It turns out that the type of government expenditures

matters. We call this effect the Bocola effect, because economist Luigi Bocola suggested

this distinction.

To formulate the Bocola effect, we treat government expenditures as isomorphic to

household expenditures: we label by Gs the spot government expenditures. We assume

that the government must also borrow intra-period. In turn, the government can make

chained expenditures, Gx. For that, we treat government taxes as income units isomor-

phic to the labor income of households. For simplicity, we assume that the government

raises labor taxes and satisfies a balanced budget at the end of the period. Furthermore,

the resources used by both forms of expenditures are wasted. We consider the follow-

ing problem.

35Indeed, in the hysteresis region, Qt/qt = 1, so Bt = Bt+1 is the only solution to the debt accumula-
tion in the competitive equilibrium, (16). In the planner’s solution, that equation is altered by the term,(
1− ϵqµ,t

)
< 1.
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Problem 6. (Government Problem with Expenditures): Given B0 = Bss and
{
B̃t

}
:

Pg
0 = max

{τkt ,Gx
t ,G

s
t}t≥0

∑
t≥0

βt [(1− θ) log (Cs
t ) + θ log (Cw

t )] ,

subject to the saver’s optimal behavior (10), a worker budget constraint:

Bt + Ew
t = R−1

t+1Bt+1 + 1− τ ℓt , ∀t ≥0

the worker’s optimal behavior (14), (11-12), and (3), a government budget-balance con-

straint with expenditures:

τ ℓt = Gx
t +Gs

t , ∀t ≥0,

and the ratio of chained expenditures relative to total expenditures:

µt = qtX
w
t +Gx

t and qt = A (µt)
−1 .

The problem is similar to the Ramsey Problem but this new problem includes gov-

ernment expenditures and excludes credit taxes. Instead of solving the problem, we

compute government multipliers near no expenditures. These multipliers transpar-

ently showcase how the payment time of government expenditures matters:

Proposition 9. (Infinitesimal Government Multiplies): Fix {Gx, Gs} = (0, 0). Consider

an unexpected marginal increase in government expenditures of type g ∈ {x, s} at time

t. We have that:
∂Pg

t

∂Gg
=

θ

Cw︸︷︷︸
marginal ind. utility

× ∂Cw

∂Gg︸ ︷︷ ︸
multiplier

for g ∈ {x, s} .

The consumption responses are:

∂Cw

∂Gx
=


−1 B < B⋆

(
B̃
)

−A (µ) B > B⋆
(
B̃
) ,

∂Cw

∂Gs
=


−1 B < B⋆

(
B̃
)

−A (µ)
(
1 + ϵAµ

)
B > B⋆

(
B̃
)
.



54

Finally, the output multipliers are:

∂Y
∂Gx

=


A (µ)

(
1 + ϵAµ

)
− 1 B < B⋆

(
B̃
)

0 B > B⋆
(
B̃
) ,

∂Y
∂Gs

=


0 B < B⋆

(
B̃
)

1−A (µ)
(
1 + ϵAµ

)
B > B⋆

(
B̃
)
.

When B ≤ B⋆, production is efficient. For such low levels of debt, Proposition 9

shows that any form of government expenditures is a waste. First, either form of gov-

ernment expenditure reduces worker expenditures one-for-one, leading to a reduction

in welfare. In terms of output, if the expenditure is spot, the multiplier is zero as trans-

fers spot expenditures from the private to the public sector. If in turn, government

expenditures are chained, the income multiplier is negative because these government

expenditures increase productive inefficiency,
(
1−A (µ)

(
1 + ϵAµ

))
> 0.

In a payments-chain crisis, whenB > B⋆, the multipliers behave differently. Chained

expenditures are again detrimental for welfare.36 They carry a zero output multiplier

because they transfer an inefficient source of expenditures from the private sector to

the public sector. By contrast, if the government spends spot, it provokes a positive

externality. This externality is captured by the elasticity ϵAµ . Spot government expen-

ditures also crowd-out worker chained expenditures, but the income extracted from

workers are spent upfront. Ultimately, this reduces the average chain length and in-

creases TFP. In a deep crisis, spot government expenditures may even increase worker

consumption. In particular, this occurs when ϵAµ < −1, a condition that may indeed

occurs, as shown in the proof. In terms of the output multiplier of spot expenditures,

it is always positive in a payments chain crisis. The multiplier is positive in deep reces-

sions because the government substitutes inefficient private expenditures for efficient

public expenditures. Welfare increases precisely when the multiplier is above one.

We learn a new lesson. In a payments-chain crisis, government expenditures can

increase welfare but only when paid upfront during deep crises. The argument is dif-

ferent from the classic aggregate-demand stimulus arguments. In this setting, a gov-

ernment that subscribes to the idea that it can stimulate aggregate demand, simply by

36Government expenditures crowd-out worker chained expenditures one-for-one. Divided by 1/q, this
gives us the reduction in chained consumption of chained government expenditures.
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spending without considering when it pays for these expenditures, would unwillingly

reduce welfare and have no output effects. To produce positive effects, the government

must spend by paying for things upfront.

Discussion: Fiscal Transfers, and Ricardian Equivalence. Because the labor is in-

elastic to labor taxes and saver expenditures are inelastic to capital taxation, the Ram-

sey planner is equivalent to one that can set transfers.37 The exercise above therefore

shows that Ricardian equivalence fails in this setting. For example, future transfers can

have pervasive effects in the midst of a payments-chain crisis. The reason is that it may

lead workers to spend more. If workers increase chained expenditures, this may reduce

output.

6. Conclusion

There are many views regarding the nature of financial crises. A classic view is that dur-

ing financial crises the economy suffers from coordination failures and demand exter-

nalities. Yet nothing makes financial crises particularly prone to coordination failures

or demand externalities. In fact, the deepest and longest recessions—the Great Depres-

sion, Japan’s “lost decades,” and the Great Recession—were all triggered by disruptions

in the financial system.

The contribution of the present paper is to interpret financial crises as arising from

delays in payments. The core economic problem we highlight is that an inefficient dis-

tribution of funds causes payment delays that disrupt production. We show that crises

of this form feature demand externalities and can lead to coordination failures. Al-

though the policy recommendations resemble those in environments with price rigid-

ity, we underscore the critical importance of accelerating transactions through appro-

priate transfers of funds.

In building the theory, we make two important simplifications. First, we assume

that all transactions are bilateral and of identical size. Second, we assume that non–spot

transactions require time to execute. Developing a general version of this model—with

37An equivalence holds as long as transfers cannot be immediately used for spot payments.
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a richer sequence of transactions and heterogeneous delays—will be important for em-

pirical applications. Nonetheless, we believe the lessons of this paper are robust to

such extensions.
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A. Proofs of Section 3

A.1 Proof of Proposition 2

Part 1. Derivation of TFP. In the body of the paper, we showed that for a chain of three

orders, of which two are chained, the vector of production is {1, δ, δ2} . The following

induction argument generalizes: If the k-th node initiates production at time 1 − δk−1,

the delay from its inspection is (1− δ) δk−1, which added to previous delays leads to a

transfer of funds only by time 1 − δk−1 + (1− δ) δk−1 = 1 − δk. This, leaves δk time for

production to the subsequent unit. Since we computed the delay for k = 1, 2, . . .. the

productions in a chain of length n are {1, δ, δ2, . . . , δn}.

It follows that the average output for chained orders, that is excluding the output of

the spot order in the chain, in a payments-chain of length n is

ȳxn =
1

n

n∑
m=1

δm =
δ

n

(
1− δn

1− δ

)
.

Proof. Recall that a chained order will necessarily fall in a chain with length n ≥ 1.

Thus, the p.m.f of lengths conditional on this event is

Gx (n;µ) =
(1− µ)µn

µ
.

Next, we turn to our goal of finding the expected output of a chained order:

E [ȳx] =
∞∑
n=1

ȳxnG
x (n;µ) ,

=
∞∑
n=1

(1− µ)µn

µ
· δ
n

(
1− δn

1− δ

)
,

=
(1− µ)

µ
· δ

(1− δ)
·

∞∑
n=1

(
µn

n
− (δµ)n

n

)
,

=
1− µ

µ
· δ

1− δ
· ln
(
1− δµ

1− µ

)
,
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The last equality follows from:

∞∑
n=1

an−1 =
1

1− a
↔

∞∑
n=1

an

n
= ln

(
1

1− a

)

for |a| < 1, which can be shown by simply taking derivatives to both sides. A simple

weak law of large numbers yields the desired result. Recall that we can have spot iden-

tities i ∈ N s as unique identifiers for payment chains (spot orders for a one-to-one map

with chains). Let ℓ (i) be the length of the payment chain that starts with spot order i.

Given that for each i ∈ N s, ℓ (i) ∼ i.i.d. G (µ), then

A (µ; δ) ≡ plim
N→∞

1

N s

∑
i∈N s

yxℓ(i) = E [yx] .

In words, the average output among chained orders converges to E [yx] as the network

gets larger (N → ∞).

Next, we derive expected output—the limit as N → ∞ is implicitly. The fraction of

spot orders is (1− µ) . Production is 1 in their case. The fraction of chained orders is µ,

and they produce on average A (µ). Thus, total output is:

Y (µ) = (1− µ) + µA (µ) .

Next, we obtain the derivative and limits of Y (µ) ,A (µ).

Part 2. Limits. We first consider the limit as µ → 0:

lim
µ→0

A (µ; δ) =
δ

(1− δ)
lim
µ→0

(
1

µ
− 1

)
· ln
(
1− δµ

1− µ

)
= lim

µ→0

ln
(

1−δµ
1−µ

)
µ

.

The last term is the ratio of two variables that converge to zero. Using L’Hospital’s rule:

lim
µ→0

ln
(

1−δµ
1−µ

)
µ

=
δ

(1− δ)

limµ→0

(
1

1−µ
− δ

1−δµ

)
1

= δ.
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where we used

∂ ln
(

1−δµ
1−µ

)
∂µ

=
1− µ

1− δµ

(
1− δµ

1− µ

)(
1

1− µ
− δ

1− δµ

)
=

(
1

1− µ
− δ

1− δµ

)
.

For output, the limit is:

lim
µ→0

Y (µ; δ) = lim
µ→0

(1− µ) lim
µ→0

(
1 +

δ

1− δ
ln

(
1− δµ

1− µ

))
= 1.

Next, we consider the limit as µ → 1:

lim
µ→1

A (µ; δ) =
δ

(1− δ)
lim
µ→1

(
1

µ
− 1

)
lim
µ→1

ln

(
1− δµ

1− µ

)
.

This is the product of numbers that go to 0 and infinity. Using L’Hospital’s rule:

lim
µ→1

A (µ; δ) =
limµ→1

(
− 1

µ2

)
limµ→1

(
1

1−µ
− δ

1−δµ

) = 0.

For output, the limit is:

lim
µ→1

Y (µ) = lim
µ→1

(1− µ) + lim
µ→1

µ lim
µ→1

Yx (µ) = 0.

Next, we consider the limit as limit as δ → 0:

lim
δ→0

A (µ; δ) =

(
1

µ
− 1

)
lim
δ→0

δ

(1− δ)
· lim
δ→0

ln

(
1− δµ

1− µ

)
= 0.

For output,

lim
δ→0

Y (µ) = (1− µ) + µ lim
δ→0

YxA (µ; δ) = (1− µ) .

Finally, we consider the limit as δ → 1:

lim
δ→1

A (µ; δ) =

(
1

µ
− 1

)
lim
δ→1

δ · lim
δ→1

1

(1− δ)
· lim
δ→1

ln

(
1− δµ

1− µ

)
.
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This derivative is of the ratio of two numbers that go to zero. Using L’Hospital’s rule:

lim
δ→1

A (µ; δ) =

(
1

µ
− 1

) limδ→1
1−µ
1−δµ

(
−µ
1−µ

)
−1

=

(
1− µ

µ

)(
µ

1− µ

)
= 1.

For output,

lim
δ→1

Y (µ) = (1− µ) + µ lim
δ→1

YxA (µ; δ) = 1.

This concludes the derivation of the limits of interest.

Part 3. Monotonicity. Next, we investigate the derivatives of A and Y . We can write:

A (µ; δ) =

(
1

µ
− 1

)
· δ

(1− δ)
· ln
(
1− δµ

1− µ

)
.

Thus,

Aµ =
δ

(1− δ)

((
− 1

µ2

)
· ln
(
1− δµ

1− µ

)
+

(
1

µ
− 1

)(
−δ

1− δµ
+

1

1− µ

))
.

Factoring out −1/µ2:

Aµ = − δ

(1− δ)

1

µ2

(
ln

(
1− δµ

1− µ

)
− µ (1− µ)

(
−δ

1− δµ
+

1

1− µ

))
= − δ

(1− δ)

1

µ2

(
ln

(
1− δµ

1− µ

)
− µ

(
1− δ

1− δµ

))
.

To show that the derivative is negative, we need to show that the term in the paren-

thesis is positive. Or likewise that

ln (1− δµ)−
(
µ− δµ

1− δµ

)
> ln (1− µ) .

A concave function f (x) ≡ log (1− x) satisfies:

f (x) + f ′ (x) |y − x| > f (y) .
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Let x = δµ and y = µ. Because {δ, µ} < 1,

|y − x| = µ− δµ.

Thus, we have:

ln (1− δµ) +

(
− 1

1− δµ

)
(µ− δµ)︸ ︷︷ ︸

f ′(x)|y−x|

> ln (1− µ) .

which proves the desired inequality. Hence, Aµ < 0 for any µ > 0. At µ = 0, the

derivative is zero.

We also obtain that:

Yµ = −1+µAµ+A = − (1−A)︸ ︷︷ ︸
>0

− δ

(1− δ)

1

µ

(ln(1− δµ

1− µ

)
− µ

(
1− δ

1− δµ

))
︸ ︷︷ ︸

>0

 for µ > 0.

The derivative is also zero at µ = 0.

Part 4. Concavity. Next we perform the convexity analysis. Aµµ is

δ

(1− δ)

[
2
1

µ3

(
ln

(
1− δµ

1− µ

)
− µ

(
1− δ

1− δµ

))
− 1

µ2

(
1

1− µ
− δ

1− δµ
− 1− δ

1− δµ
− µδ

1− δ

(1− δµ)2

)]

After some algebraic manipulations, the second term in parenthesis simplifies to:

1

1− µ
− δ

1− δµ
− 1− δ

1− δµ
− µδ

1− δ

(1− δµ)2
= µ

(δ − 1)2

(1− µ) (1− δµ)2
.

Thus:

Aµµ =
δ

(1− δ)

1

µ3

[
2 ln

(
1− δµ

1− µ

)
− 2µ

(
1− δ

1− δµ

)
− µ2 (1− δ)2

(1− µ) (1− δµ)2

]
.

We can add the second and third terms to obtain:

Aµµ =
δ

(1− δ)

1

µ3

[
ln

(
1− δµ

1− µ

)2

− µ

(
1− δ

1− δµ

)(
2− µ− 3δµ+ 2δµ2

(1− µ) (1− δµ)

)]
.
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This function is strictly concave if:

ln (1− δµ)2 < ln (1− µ)2 +
1

(1− µ)2

(
µ (1− µ) (1− δ)

(1− δµ)2
(
2− µ+ 2δµ2 − 3δµ

))
(21)

Let F (x) = ln (x). Set x0 = (1− µ)2 and x1 = (1− δµ)2 so that

x0 − x1 = −µ (1− δ) (2− µ (1 + δ)) .

By strict concavity of ln (x) we have

ln (1− δµ)2 < ln (1− µ)2 − 1

(1− µ)2
µ (1− δ) (2− µ (1 + δ))

so to prove that Aµµ is strictly negative, we need to prove that the right hand side of the

expression above is smaller than the condition needed for concavity, condition (21),

− 1

(1− µ)2
µ (1− δ) (2− µ (1 + δ)) ≤ 1

(1− µ)2

(
µ (1− µ) (1− δ)

(1− δµ)2
(
2− µ+ 2δµ2 − 3δµ

))
.

Cancelling common terms and rearranging, this condition is equivalent to:

− (1− δµ)2 (2− µ− µδ) ≤ (1− µ)
(
2− µ+ 2δµ2 − 3δµ

)
. (22)

The term on the left is negative—and strictly negative for δ, µ < 1.38 Hence, the inequal-

ity above is verified as long as:

2 ≥ α (µ, δ) ≡ µ− 2δµ2 + 3δµ.

Hence, as long as

2 ≥ α∗ = max
{µ,δ}∈[0,1]2

α (µ, δ)

the condition for concavity holds for all {µ, δ} ∈ [0, 1]2. We study this max function. Fix

any µ. Since

δ
(
3µ− 2µ2

)
≥ 0,

38This follows immediately because µ and δ are fractions.
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the maximal value of α is achieved when δ = 1. Hence, the objective is

α∗ = max
{µ,δ}∈[0,1]2

α (µ, δ) = max
{µ}∈[0,1]

α (µ, 1) = max
{µ}∈[0,1]

4µ− 2µ2.

Maximizing the last expression over µ yields µ = 1 as a solution and α∗ = 2 as the value.

Hence, the inequality holds and guarantees (22). This suffices to prove concavity.

Next, we verify the concavity of total output. We have that Yµµ is

=Aµ + µAµµ

=− δ

(1− δ)

1

µ2

(
ln

(
1− δµ

1− µ

)
− µ

(
1− δ

1− δµ

))
+

δ

(1− δ)

2

µ2
µ

(
ln

(
1− δµ

1− µ

)
− µ

(
1− δ

1− δµ

))
− µ

µ2

(
1

1− µ
− δ

1− δµ
− 1− δ

1− δµ
− µδ

1− δ

(1− δµ)2

)
=Aµµ −

δ

(1− δ)

µ

µ3

(
ln

(
1− δµ

1− µ

)
− µ

(
1− δ

1− δµ

))
<0.

A.2 Related Results Used Elsewhere

In this section, we derived properties that are used later in the text.

Part 5. Inverse productivity. Now, we study the inverse of productivity. Let

q (µ; δ) = A−1 (µ; δ) .

Clearly, the function has the limits:

lim
µ→0

q (µ; δ) = δ−1 and lim
µ→1

q (µ; δ) = ∞ and lim
δ→0

q (µ; δ) = ∞ and lim
δ→1

q (µ; δ) = 1.

We also have that:

qµ = −Aµ

A2
> 0.
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We use the limit of the derivative of this function:

qµ (µ) =

δ
(1−δ)

1
µ2

(
ln
(

1−δµ
1−µ

)
− µ

(
1−δ
1−δµ

))
(

(1−µ)
µ

· δ
(1−δ)

· ln
(

1−δµ
1−µ

))2
Next, we check the convexity of function:

qµµ = −Aµµ

A2
+

Aµ

A3
> 0.

Hence, q is convex in µ.

Part 6. Elasticity of A. A useful object in later derivations is the elasticity of A. Con-

sider the derivative of

A (µ)µ.

We have:

A′ (µ)µ+A (µ) = A (µ)
[
1 + ϵAµ

]
.

Recall that,

A (µ)µ = (1− µ)

(
δ

1− δ
ln

(
1− δµ

1− µ

))
.

Hence,

A′ (µ)µ+A (µ) =
δ

1− δ

(
− ln

(
1− δµ

1− µ

)
+ (1− µ)

(
−δ

1− δµ
+

1

1− µ

))
=

δ

1− δ

(
− ln

(
1− δµ

1− µ

)
+

(
1− δ

1− δµ

))
.

Hence, we obtain that:

[
1 + ϵAµ

]
=

δ
1−δ

(
− ln

(
1−δµ
1−µ

)
+
(

1−δ
1−δµ

))
A (µ)

=
µ

1− µ

 1−δ
1−δµ

ln
(

1−δµ
1−µ

) − 1

 .

We are interested in the sign of 1 + ϵAµ and its limits. We know ϵAµ < 0. Thus, the sign
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of 1 + ϵAµ is the sign of: (
1− δ

1− δµ

)
− ln

(
1− δµ

1− µ

)
.

The limits of the function that governs the sign are:

lim
µ→0

(
1− δ

1− δµ

)
− ln

(
1− δµ

1− µ

)
= (1− δ) > 0,

and

lim
µ→1

=

(
1− δ

1− δµ

)
− ln

(
1− δµ

1− µ

)
= −∞.

Since the function is continuous in µ, the sign is ambiguous.

Next, to establish monotonicity, notice that

δ
1− δ

(1− δµ)2
− 1− δ

(1− δµ) (1− µ)
= (1− δ)

(
−δ − 1 + δ (1− δµ)

(1− δµ)2 (1− µ)

)
= − (1− δ)

(
1 + δ2µ

(1− δµ)2 (1− µ)

)
< 0.

Hence, there’s a unique crossing point where the function 1 + ϵAµ is negative.

Finally, we compute relevant limits. Firs, we compute:

lim
µ→0

1 + ϵAµ = (1− δ) lim
µ→0

µ

ln
(

1−δµ
1−µ

) =
1− δ

limµ→0
1−µ
1−δµ

1−δµ
1−µ

(
−δ

1−δµ
− −1

1−µ

) = 1.

where the first equality are the surviving terms after taking limits, the second equality

follows from L’Hospital’s rule. For the limit µ → 1, by L’Hospital’s rule:

lim
µ→1

1

1− µ

 1

ln
(

1−δµ
1−µ

)
 = lim

µ→1

− 1
1−µ2

1−δ
(1−δµ)(1−µ)

= lim
µ→1

− (1− δµ)

(1− µ) (1− δ)
.
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Adding terms the missing term:

lim
µ→1

[
1 + ϵAµ

]
= lim

µ→1
− (1− δµ)

(1− µ) (1− δ)
− µ

1− µ

= lim
µ→1

−1 + 2δµ− µ

(1− µ) (1− δ)

= −2 lim
µ→1

1

(1− µ)

= −∞.

We finally compute the elasticity. From

A′ (µ)

A (µ)
µ < 0,

we know that the elasticity ϵAµ is decreasing. Hence, 1 + ϵAµ starts at zero and falls con-

tinuously until diverging at µ → 1.

B. Model Extensions

B.1 Markov Chain Representation

• µx fraction of chained

• µs = 1− µx fraction of spot

• the column vector is µ with the first entry µ

Payments chain have a Markov chain representation:

• It behaves as a history of states

• St = {s, x, s, x, s}

Thus, must be possible to write it as a Markov Chain with transition matrix

Q =

 pss 1− pxx

1− pss pxx

 .
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Since Q is a probability matrix, all the information is contained in one row. Then, we

must have that populations are maintained:

µ = Qµ.

We have special restrictions.

• iid case, considered in current version:

pss = µs, pxx = µx.

Thus:

Qiid =

 µs µs

µx µx


The, clearly:

µ = Qiidµ

since:  µs

µx

 =

 µs µs

µx µx


 µs

µx

 =

 µs (µs + µx)

µx (µs + µx)

 .

• Deviations from the iid case:

pss = µsκs, pxx = µxκx.

Thus:

Q =

 µsκs 1− µxκx

1− µsκs µxκx


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Which we conveniently write:

Q =

 µs + µs (κs − 1) 1− µx − µx (κx − 1)

1− µs − µs (κs − 1) µs + µx (κx − 1)

 =
(
Qiid + Q̃

)

where

Q̃ =

 µs (κs − 1) −µx (κx − 1)

−µs (κs − 1) µx (κx − 1)


• Next, we have that:

µ = Qµ =
(
Qiid + Q̃

)
µ

since

µ = Qiidµ

then:

0 = Q̃µ

µ2
s (κs − 1) = µ2

x (κx − 1)

Hence:

µ2
s (κs − 1) = µ2

x (κx − 1) .

Thus, if

µs (κs − 1) =
µx

µs

µx (κx − 1) .

Define:

q = µs (κs − 1) .

Then:

Q =

 µs + q 1− µx − µs

µx
q

1− µs − q µx +
µs

µx
q

 ,
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or more convenient to do change of variables:

µs

µx

q = ρ.

• Bounded probabilities:

– if µs > 1/2 → q ≤ 1− µs, q ≥ −µs

– if µs > 1/2 → q ≤ 1− µx, q ≥ −µx

– coupling: q ≤ 1−max {µx, µs} , q ≥ −max {µx, µs} .

• This allows for a correlated structure.

• Moments:

– fraction of spots in a chain:

1− µs − q

– fraction of spots alone:

µs + q

– distribution of chain length, conditional on chain of size at least one:

F (n) =

(
1− µx −

µx

µs

q

)(
µx +

µx

µs

q

)n−1

– Then:

F (n) = (1− (µx + ρ)) (µx + ρ)n−1 .

That, is, chain distribution is Geometric with probability p = µx + ρ.

• Output of chained orders in chain of length n

yx (n) = δ
(
1 + δ + δ2...δn−1

)
= δ

(
1

1− δ
− δn

1− δ

)
,

for n ≥ 1. Clearly,

yx (1) = δ
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• Average output in chain of length n is:

ȳx (n) =
y (n)

n
.

• Integrating the first term with respect to the Geometric distribution:

E [ȳx (n) |n ≥ 1] =
1

p

δ

1− δ

∞∑
n=1

1

n
(1− δn)F (n) .

• Then, average output is given by:

E [ȳx (n) |n ≥ 1] =
δ

p

1− p

1− δ

∞∑
n=1

1

n
(pn − (δp)n) .

We use that:

ϑ (p) =
∞∑
n=1

pn

n
= − log (1− p) ,

which is shown by taking derivatives on both sides:

ϑ′ (p) =
∞∑
n=1

pn−1 =
1

1− p
,

and integrating back evaluating at p = 0 to obtain the constant to be equal to zero.

Then, we have that:

E [ȳx (n) |n ≥ 1] = −δ
1− p

1− δ
log (1− p) + δ

1− p

1− δ
log (1− δp)

= δ
1− p

1− δ
log

(
1− δp

1− p

)
.

• This is the average output of chained orders conditional on falling in a chain.

• A very similar formula to the one employed in the paper, except that we have only

consider production

• Overall production among spot is:

E [ys (n) |n ≥ 0] = 1
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Thus, overall production is:

E [ys (n) |n ≥ 0] (1− µx) + µxE [ȳx (n) |n ≥ 1]

= (1− µx) + µxδ
1− p

1− δ
log

(
1− δp

1− p

)
= (1− µx) + µx1− µx + ρ

µx + ρ

δ

1− δ
log

(
1− δ (µx + ρ)

1− µx + ρ

)
.

• Using the notation in the paper:

(1− µ) + µ
1− µ+ ρ

µ+ ρ

δ

1− δ
log

(
1− δ (µ+ ρ)

1− µ+ ρ

)
.

B.2 Truncation

• We verified that the formula generalized to the case with correlation across chained

orders and spot orders.

• Simplified notation:

µx = µ

• Now, we investigate the role of truncation.

• The chain length is as before, distributed

F (n) =
(1− p)

p
(p)n ,

which integrates to 1.

• Trunctation states that ifn is above a threshold value η, the chained order is dropped.

Thus, production is given by:

yx (n) = δ
(
1 + δ + δ2...δn−1

)
= δ

(
1

1− δ
− δn

1− δ

)
, if n ≤ η,
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and otherwise:

yx (n) = δ
(
1 + δ + δ2...δn−1

)
= δ

(
1

1− δ
− δη

1− δ

)
= δ

(
1

1− δ
− δn

1− δ
− δη

1− δ

(
1− δn−η

))
.

Thus, with truncation,

ȳx (n) =
y (n)

n
=

δ

n

(
1

1− δ
− δn

1− δ

)
− γ̄ (n)

where

γ̄ (n) =


0 if n ≤ η

1
n

δη

1−δ
(1− δn−η) if n > η.

Thus, from our earlier derivation:

E [ȳx (n) |n ≥ 1] =
1− µx + ρ

µx + ρ

δ

1− δ
log

(
1− δ (µx + ρ)

1− µx + ρ

)
− E [γ̄ (n) |n ≥ 1] .

We compute:

E [γ̄ (n) |n ≥ 1] = E
[
1

n

δη

1− δ

(
1− δn−η

)
|n ≥ η

]
Pr (n ≥ η) .

• Working by pieces:

Pr (n ≥ η) =
∞∑
n=η

F (n)

=
∞∑
n=η

(1− p)

p
(p)n

=
(1− p)

p
pη

(
∞∑
n=η

(p)n−η

)

=
(1− p)

p
pη

(
∞∑
j=0

(p)j
)

=
(1− p)

p

pη

(1− p)
= pη−1.
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• Next, we compute:

E
[
1

n

δη

1− δ

(
1− δn−η

)
|n ≥ η

]
=

∞∑
n=η

1

n

δη

1− δ

(
1− δn−η

) F (n)

Pr (n ≥ η)

=
(1− p)

p

δη

1− δ

∞∑
n=η

1

n

(
1− δn−η

)
(p)n−η

=
(1− p)

p

δη

1− δ

∞∑
n=η+1

1

n

(
1− δn−η

)
(p)n−η

=
(1− p)

p

δη

1− δ

∞∑
j=1

1

η + j

(
1− δj

)
(p)j

=
(1− p)

p

δη

1− δ

∞∑
j=1

1

η + j

(
pj − (pδ)j

)
=

(1− p)

p

δη

1− δ

(
1

pη

∞∑
j=1

1

η + j
pj+η − 1

(pδ)η

∞∑
j=1

1

η + j
(pδ)j+η

)

=
(1− p)

p

δη

1− δ

(
1

pη

∞∑
j=1

1

η + j
pj+η − 1

(pδ)η

∞∑
j=1

1

η + j
(pδ)j+η

)

=
(1− p)

p

δ

1− δ

(
δη

δpη

∞∑
j=0

1

η + j
pj+η − 1

δ (p)η

∞∑
j=0

1

η + j
(pδ)j+η

)

=
(1− p)

p

δη

1− δ
(Φ (p, 1, η)− Φ (pδ, 1, η))

The term:

Φ (z, 1, η) =
∞∑
j=0

zj

η + j
=

∫ ∞

0

exp (−ηt)

1− z exp (−t)
dt,

is the Lerch transcendent. Notice that for η = 1:∫ ∞

0

exp (−t)

1− z exp (−t)
dt =

∫ ∞

0

1

exp (t)− z
dt =

1

z
log (1− z exp (−t)) |t=∞

t=0

= −1

z
log (1− p) =

1

z

∞∑
k=1

zk

k
=

1

z

∞∑
j=0

zj+1

1 + j
=

1

z

∞∑
j=1

zj

1 + j
.

• and thus:

=
(1− p)

p

δη

1− δ

(
δη

δpη
Φ (p, 1, η)− 1

δpη
Φ (pδ, 1, η)

)
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• This formula allows us to generalize to the case with truncation:

E
[
1

n

δη

1− δ

(
1− δn−η

)
|n ≥ η

]
pη−1 =

(1− p)

p

δ

1− δ

(
δη

δp
Φ (p, 1, η)− 1

δp
Φ (pδ, 1, η)

)
Thus, we obtain:

(1− µx)+µx1− µx + ρ

µx + ρ

δ

1− δ

(
log

(
1− δ (µx + ρ)

1− µx + ρ

)
−
(
δη

δp
Φ (p, 1, η)− 1

δp
Φ (pδ, 1, η)

))
.

In the special case of η → ∞, ρ = 0 we have the original formula.

B.3 Multinomial Case

Now consider the situation where instead of experiencing delays, a particular transac-

tion is executed but the receiver fails to receives the funds with probability 1−q without

a delay. Otherwise, it faces the same delay structure as above. This probability is com-

pletely random.

Given a chain of length n, the chances that there are k delays is:

M (k, n) =

 n

k

 qk (1− q)n−k .

While we can compute average number of delays, they have to be ordered: meaning,

delays occur starting from k-th unit. Delays have to be sequential.

Producition is:

y (k, n) = n− k + δ
1− δk

1− δ
.

Then, we integrate across all k:

n∑
k=0

y (k, n)×M (k, n) = (n− k)
n∑

k=0

M (k, n)+
δ

1− δ

n∑
k=0

1

1− δ
M (k, n)− δ

1− δ

n∑
k=0

δk

 n

k

 qk (1− q)n−k
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But we know that the multinomial integrates to 1:

n∑
k=0

 n

k

 qk (1− q)n−k = 1.

We also know that its expectation is:

n∑
k=0

k

 n

k

 qk (1− q)n−k =
n∑

k=0

k
n!

(n− k)!k!
qk (1− q)n−k

but by property of factorials:

n− k! = n− k × n− k − 1× n− k − 2...

n− (k − 1)! = n+ 1− k × n− k − 1× n− k − 2... n

k

 =
n

k
×

 n− 1

k − 1



n∑
k=1

k

 n

k

 qk (1− q)n−k = n

n∑
k=1

 n− 1

k − 1

 qk (1− q)n−k

= nq

n−1∑
k=1

 n− 1

k − 1

 qk−1 (1− q)n−k



= nq

n−1∑
k=1

 n− 1

k − 1

 qk−1 (1− q)n−1−(k−1)


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change of variables guarantees:

nq.

Hence:
n∑

k=0

kM (k, n) = qn.

Thus:

(n− k)
n∑

k=0

M (k, n) = (1− q)n.

And, moreover:
1

1− δ

n∑
k=0

M (k, n) =
1

1− δ
.

Finally, we have that:

n∑
k=0

δk

 n

k

 qk (1− q)n−k =
n∑

k=0

 n

k

 (δq)k (1− q)n−k

which by the binomial theorem equals:

(1− q + δq)n

Hence, all in all, production is:

E [y (k, n) |n] = (1− q)n+ δ
1− (1− q + δq)n

1− δ
.

Thus, for q = 0 we have:

E [y (k, n) |n] = n

and when q = 1

E [y (k, n) |n] = δ
1− δn

1− δ
.

corresponding to the formula above for chained production. Then, average production

is:

E [ȳ (k, n) |n] = (1− q) +
1

n

δ − δ (1− q + δq)n

1− δ
.
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Thus:

E [E [ȳ (k, n) |n]] = (1− q) +
∞∑
n=1

1

n

δ − δ (1− q + δq)n

1− δ
F (n, p)

∞∑
n=1

1

n

δ − δ (1− q + δq)n

1− δ
F (n, p) =

1− p

p

δ

1− δ
(log (1− p (1− q + δq))− log (1− p)) .

Thus, we obtain a generalized formula:

E [ȳx] = (1− q) +
1− p

p

δ

1− δ
(log (1− p (1− q + δq))− log (1− p)) .

Which again, collapses to the general formula.

B.4 Resampling

• Suppose that after observing their own draw, of place in a Chain, chained types

can try to resample.

• Potentially there is a cost, but for now assume there is not, and only assume that

types above n > η, instead of dropping out, resample.

• If they resample, they contact another chain at random and they are placed some-

where in the chain, their own chain shrinks to size η.

• They can again match with a chain of size η, which would force another resam-

pling.

• The process repeats itself indefinitely until there are no further resampling.

• The question is, to what distribution does the process converge too?

• We’ve already seen that the distribution of chain sizes will be Geometric:

– F (n, p) with (1− p) pn be the distribution of chain size with n ≥ 0

• Let z ∈ {0, 1, ...,∞} be the number of rounds.

– it is better to write this as a continuous-time process so we avoid problems

with integers
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– matches occur at rate intensity λ

• Let G0 (n) = F (n, p) be the initial distribution

• After the initial distribution, the fraction

µ0 =
∑
n>η

G0 (n)

will seek to resample. They randomly match with some other agent. A match is

successful if it falls within a chain of length less than η, because otherwise we ran

into the same problem again. The available chains are:

A0 =

η−1∑
n=0

G0 (n)

out of the pool:

1− µ0 =

η∑
n=0

G0 (n) .

Thus, a match is useful with probability:

p0 =
α0

1− µ0

→ p (z) =

∑η−1
n=0G0 (n)∑η
n=0G0 (n)

and

p (n, z) =
Gz (n)∑η
j=0 Gz (j)

.

• Thus, we can think of the mass of unsuccessful matches as shrinking at rate:

µ̇ (z) = −λp (z) (1− µ (z))µ (z) .

If matches occur, chains add one more type.

• Thus, they satisfy the law of motion:

– inflow probabilities are:
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– for n = 0

Ġ (0, z) = −λp (0, z)µ (z) (1− µ (z)) = −λG (0, z)µ (z) .

and for n ∈ {1, η − 1}

Ġ (n, z) = −λ (G (n, z)µ (z)− 2G (n− 1, z)µ (z))

and for n = η

Ġ (η, z) = λ2G (η − 1, z)µ (z) .

• Now, we verify things by adding masses:

η∑
n=0

Ġ (n, z) = λG (0, z)µ (z) + λG (1, z)µ (z) +G (1, z)µ (z) ...+G (η − 1, z)µ (z)

which accounts for the preservation of mass probability mass since:

λG (0, z)µ (z)+λG (1, z)µ (z)+G (1, z)µ (z) ...+G (η − 1, z)µ (z) = λp (z) (1− µ (z))µ (z)

Hence:
η∑

n=0

Ġ (n, z) + µ̇ = 0.

• Next, we try to find a way to characterize the evolution of the system. The key

challenge is the presence of η. In matrix form we can write:

G (z) =



G (1, z)

G (2, z)

G (η, z)


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Ġ = −λAG (z)µ (z)

where

A =



1 0 0 · · · 0

−2 1 0

0 −2 1

. . .

... −2 1
...

0 −2 0



.

• We write the system as in non-linear form as:

Ġ = −λA (z)G (z)

A (z) = Aµ (z)

which in Matrix form solves:

G (z) = exp

(
−λ

∫ z

0

A (τ) dτ

)
G (0) ,

where

µ (z) = −λ

(
1− G (η, z)∑∞

n=0G (n, z)

)
µ (z) (1− µ (z)) .

• The solution to µ (z) can also be written as a time-varying problem:

µ̇ (z) = −λ (z)µ (z) (1− µ (z))

where

λ (z) = λ

(
1− G (η, z)∑∞

n=0G (n, z)

)
µ̇ (z) = −λ (z)µ (z) (1− µ (z)) .
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Guess and verify that:

µ (z) =
1

1 + exp
(∫ z

0
λ (τ) dτ

) .
Derivative:

µ̇ (z) = −λ (τ)
exp

(∫ z

0
λ (τ) dτ

)(
1 + exp

(∫ z

0
λ (τ) dτ

))2
−λ (τ)µ (z) (1− µ (z)) = −λ (τ)

1

1 + exp
(∫ z

0
λ (τ) dτ

) (1− 1

1 + exp
(∫ z

0
λ (τ) dτ

)) ,

proving the solution.

• Thus, we need to solve the system:

G (z) = G (0) exp

(
−A

∫ z

0

λµ (z) dτ

)
wherek is some constant.

µ (z) =
1

1 + exp
(∫ z

0
λ (τ) dτ

) .
• Thus, suppose that the process does indeed converge in finite time.

G (∞) = exp (−kA)G (0)

• Then:

eG (∞) = 1 = e exp (−kA)G (0) .

Thus,

exp

(
−λ

∫ z

0

A (τ) dτ

)
.

Hence, we look for k such that

1 = e exp (−kA)G (0) .

If we find such a k we have the solution.
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C. Proofs of Section 4

C.1 Preliminary Observations

We begin with a set of identities that are convenient to proof the main results.

Average Price: Definitions and Identities. Recall that the average price of a worker

as it’s expenditures relative to total consumption: Q ≡ Ew/Cw. The saver’s expenditure

is shown to be Es = (1− β)B. By the income expenditure identity:

Ew = 1− (1− β)B. (23)

Total consumption by the worker, given its optimal expenditures, is given by:

Cw =
Ew − Sw

q
+ Sw =

Ew

q
−
(
1

q
− 1

)
Sw.

where

Sw = min
{
max

{
0, B̃ −B

}
, 1− (1− β)B

}
,

Xw = (Ew − Sw) /q.

Thus, we have that:

Q =

(
1

q
−
(
1

q
− 1

)
Sw

Ew

)−1

=

(
1

q

(
1− Sw

Ew

)
+

Sw

Ew

)−1

.

Also, we have that:

Q =
Ew − Sw

Cw
+

S

Cw
= q

Xw

Cw
+

S

Cw
.

The last two proof the following result.

Lemma 3. Q is average of the goods prices weighted by the worker’s consumption shares

and Q is the harmonic mean of the goods prices weighted by the expenditure share.

Marginal Expenditure and Borrowing Prices. For convenience, we define again the

two prices that enter in marginal decisions. First, we define the marginal expenditure
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price:

q̃et ≡ qt≾[Bt≥B⋆(B̃t)] +
(
1−≾[Bt≥B⋆(B̃t)]

)
.

Next, we define the marginal borrowing price:

q̃bt+1 ≡ qt+1≾[B̃t+1≤Bt+1]
+
(
1−≾[B̃t+1≤Bt+1]

)
.

Analysis of the Marginal Expenditure Price. Next, we describe the behavior of q̃et in

equilibrium. We have that q̃et = q̃e
(
Bt, B̃t

)
where:

q̃e
(
B, B̃

)
≡ q

(
µ
(
B, B̃

))
≾[B≥B⋆(B̃)] +

(
1−≾[B≥B⋆(B̃)]

)
.

In this expression, we are using:

µ
(
B, B̃

)
= 1− (1− β)B −min

{
max

{
0, B̃ −B

}
, 1− (1− β)B

}
.

Observe that

µ
(
B, B̃

)
=


0 B < B⋆

(
B̃
)
,

1 + βB − B̃ B ∈
[
B⋆
(
B̃
)
, B̃
]
,

1− (1− β)B B > B̃.

µ
(
B, B̃

)
is continuous, starts at zero and increases up to B = B̃, starting from that

point, the function is decreasing. Since qt is monotone in µt, the function q̃e
(
B, B̃

)
must follow the same pattern in the interior of the middle segment of teh function and

in the last segment. Also notice that when B < B⋆
(
B̃
)

, qe = 1. Next, we have that since

µ is continuous, µ goes to 0 from above as B ↓ B⋆
(
B̃
)

so we can write,

lim
B↓B⋆(B̃)

q̃e
(
B, B̃

)
= lim

µ↓0
q (µ) · 1 = δ−1
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where we used the fact that limµ↓0A (µ) = δ. Hence, the function q̃e is discontinuous at

B = B⋆ because limB↑B⋆(B̃) q̃
e = 1 ̸= δ−1, the function is also not monotonic. Then39

q̃e
(
B, B̃

)
=


1 B < B⋆

(
B̃
)

q B ∈
[
B⋆
(
B̃
)
, B̃
]

q B > B̃.

Next, we are interested in the behavior of Q
qe

, for reasons that become clear in the

main text. We have that for B < B⋆
(
B̃
)

, since q = 1, it must be that Q
qe

= 1. For B ≥ B̃

also qe = Q = q. Therefore, Q
qe

= 1. In the middle range of values, we have that:

Q

qe
=

1

q
· q(

1− Sw

Ew

)
+ q Sw

Ew

=
1(

1− Sw

Ew

)
+ q Sw

Ew

.

Thus, we have the following formula:

Q

qe
=


1 B < B⋆

(
B̃
)

1

1−min{max{0,B̃−B},1−(1−β)B}
1−(1−β)B

+q(µ(B,B̃))
min{max{0,B̃−B},1−(1−β)B}

1−(1−β)B

B ∈
[
B⋆
(
B̃
)
, B̃
]

1 B > B̃.

Since at B = B̃ we have Sw

Ew = 0, the function is continuous at that point. However,

B ↓ B⋆
(
B̃
)

=⇒ Sw

Ew
↓ 1, and q ↓ δ−1 > 1,

at that point. Thus, Q
qe

= δ at B = B⋆
(
B̃
)

(and at its right limit) and Q/qe = 1 at the left

limit of this point. Namely, the function Q/qe is discontinuous at B⋆.

Analysis of the Marginal Borrowing Price. Next, we investigate the behavior of the

marginal borrowing price. Recall that this is the price of consumption at which the

worker trades off future consumption when he borrows marginally. Let Bt+1 be the

39In fact, the value of qe at B = B⋆ will not be used since the function is discontinuous at that point
and optimality conditions will be characterized via the right and left limit. However, we choose to define
it according to the intuition presented lines above.
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debt level the worker chooses today for next period and B̃t+1 the next period’s SBL. We

have that q̃bt+1 = q̃b
(
Bt+1, B̃t+1

)
where:

q̃b
(
B, B̃

)
≡ q

(
µ
(
B, B̃

))
≾[B≥B̃] +

(
1−≾[B≥B̃]

)
.

Then,

q̃b
(
B, B̃

)
=


1 B < B⋆

(
B̃
)
,

1 B ∈
[
B⋆
(
B̃
)
, B̃
]
,

q B > B̃.

We have observed that for B = B⋆
(
B̃
)

, all consumption is spot and thus q = 1. How-

ever, at B = B̃, the function features a discontinuity since:

lim
B↓B̃

q̃b
(
B, B̃

)
= q

(
µ
(
B̃, B̃

))
= q

(
1− (1− β) B̃

)
> 1.

Next we investigate the behavior of Q
qb

.

For any B < B⋆
(
B̃
)

, both qb and Q must equal 1, thus, Q
qb

= 1. Then, we have that

for B ∈
[
B⋆
(
B̃
)
, B̃
]

, it must the case that Q
qb

= Q because qb = 1. Finally, when B > B̃,

q̃b
(
B, B̃

)
= Q = q. Thus, we have:

Q

q̃b
=


1 B < B⋆

(
B̃
)
,

Q B ∈
[
B⋆
(
B̃
)
, B̃
]
,

1 B > B̃,

where

Q =

(
1

q

(
1− Sw

Ew

)
+

Sw

Ew

)−1

and limB↓B⋆(B̃) Q = 1.
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Average Price Elasticity. Next, we derive the elasticity of the average price with re-

spect to total debt, in equilibrium—i.e., after replacing Ew = 1 − (1− β)B. This elas-

ticity is critical for the Ramsey policy analysis.

We have that the average price is the harmonic mean:

Q =
1

1
q

(
1− Sw

Ew

)
+ Sw

Ew

.

where both the price q, Ew, and Sw are functions of B.

Thus, we have that:

∂Q

∂B
= −Q ·

(
1− Sw

Ew

)
∂
∂B

[
1
q

]
−
(

1
q
− 1
)

∂
∂B

[
Sw

Ew

](
1
q

(
1− Sw

Ew

)
+ Sw

Ew

) .

The numerator has two additional derivatives. The first one is:

∂

∂B

[
Sw

Ew

]
=


0 B < B⋆

(
B̃
)

[
B̃−B

1−(1−β)B

] (
(1−β)

1−(1−β)B
− 1

B̃−B

)
B ∈ [B⋆

(
B̃
)
, B̃)

0 B ≥ B̃

where the term in the intermediate region follows from:

∂

∂B

[
Sw

Ew

]
=

Sw

Ew

(
1

Sw

∂

∂B
[Sw]− 1

Ew

∂

∂B
[Ew]

)
,

but then for B ∈ [B⋆
(
B̃
)
, B̃)

∂

∂B
[Sw] = −1,

and
∂

∂B
[Ew] = − (1− β) .

Hence:
∂

∂B

[
Sw

Ew

]
=

[
B̃ −B

1− (1− β)B

](
(1− β)

1− (1− β)B
− 1

B̃ −B

)
< 0.
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We evaluate the limits of this function. Clearly, at

∂

∂B

[
Sw

Ew

]∣∣∣∣
B↑B̃

= − 1

1− (1− β) B̃
< −1,

and at

∂

∂B

[
Sw

Ew

]∣∣∣∣
B↓B⋆

=
(1− β)

(
B̃ −B⋆

(
B̃
))

(
1− (1− β)B⋆

(
B̃
))2 − 1(

1− (1− β)B⋆
(
B̃
))

=
(1− β)

(
B̃ −B⋆

(
B̃
))

−
(
1− (1− β)B⋆

(
B̃
))

(
1− (1− β)B⋆

(
B̃
))2

=
(1− β) B̃ − 1(

1− (1− β)B⋆
(
B̃
))2

= −1.

The last steps follows from the definition of B⋆. Hence, this derivative is discontinuous.

For the second derivative of interest, recall that:

∂

∂B
[q] =

∂

∂µ
[q] · ∂µ

∂B
,

and
∂µ

∂B
=

∂

∂B
[Ew]− ∂

∂B
[Sw]

since µ = qX = Ew − Sw. Then, we have that:

∂

∂B
[q] = qµµ

∂
∂B

[Ew]− ∂
∂B

[Sw]

Ew
.

We can express this as:

∂

∂B

[
q−1
]
=

1

q
ϵqµ

∂
∂B

[Ew]− ∂
∂B

[Sw]

Ew − Sw
.
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Hence, we obtain:

∂Q

∂B

1

Q
= −Q ·

{(
1− Sw

Ew

)
1

q
ϵqµ

∂
∂B

[Ew]− ∂
∂B

[Sw]

Ew − Sw
−
(
1

q
− 1

)
Sw

Ew

[
∂
∂B

[Sw]

Sw
−

∂
∂B

[Ew]

Ew

]}
.

D. Empirical Appendix

D.1 Local Projection: 2005 Daily Data

Figure 11: Triggered Payments: Local Projection
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Notes: The figure shows a local projection Jordà (2005); Jordà and Taylor (2025), where the dependent and independent

variable include 1 lag, as determined by a VAR-based optimal lag selection criteria. Data is daily and spans 2005.

D.2 Intensive Margin Regressions

We also study the intensive margin relationship between payments made and received.

We follow equation (1), but now considering the (inverse hyperbolic sine of the) amounts

sent and received by firm j. Results are presented in Table 3 consistent with those of

the extensive margins; firms become more likely to make payments once they receive

money transfers. The elasticity across all firms in column (1) implies that a 1% increase

in the amounts received by a firm on a given day increases the amounts sent the next

day by approximately 0.04%.
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Table 3: Triggered Payments Across Firms—Intensive Margin

Dependent variable: Payments made by firm j at time t (asinh)

(1) (2) (3) (4) (5) (6)

ln amount receivedj,t−1 0.038 ∗∗∗ 0.018∗∗ 0.051∗∗∗ 0.050∗∗∗ 0.038∗∗∗

(asinh) (.0005)∗∗∗ (.0009)∗∗∗ (.0009)∗∗∗ (.0008)∗∗∗ (.0005)∗∗∗

Smallj × ln amount receivedj,t−1 0.021∗∗∗

(0.001)∗∗∗

Assetsj
Salesj

× ln amount receivedj,t−1 -0.023∗∗∗

(0.001)∗∗∗

Liabilitiesj
Salesj

× ln amount receivedj,t−1 -0.023∗∗∗

(0.001)∗∗∗

ln amount receivedj,t−5 0.013∗∗∗ 0.012∗∗∗

(asinh) (.0004)∗∗∗ (.0003)∗∗∗

Observations 10,628,428 6,936,593 7,793,996 7,793,996 10,468,698 10,468,698

Adjusted R2 0.501 0.487 0.424 0.493 0.500 0.501

t, j × d FE Yes Yes Yes Yes Yes Yes

Notes: The independent variable in column (1) is the total amount (in colones) received by firm j from another firm

within the last 24 hours, transformed using the inverse hyperbolic sine function. This variable is interacted with firm

j’s size, assets-to-sales and liabilities-to-sales in columns (2), (3), and (4) respectively. Columns (5) and (6) add an

independent variable equal to the total amount (in colones) received by firm j from another firm 5 days before time t,

transformed using the inverse hyperbolic sine function. Robust standard errors, clustered by firm, are in parentheses.

We include time and firm×weekday fixed-effects. Data is daily and spans 2024.
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Figure 12: Distribution of Chain Sizes

Notes: The figure shows the distribution of chained sizes based on a 5% random sample of spot firms in the economy
used as initial nods. Data is collapsed for December 2024 to construct the chains.

D.3 Placebo Exercises

Table 4: Placebos—Receiving Payments Right After Making a Transfer

Dependent variable: Payment made by firm j at time t

A. Extensive margin B. Intensive margin (asinh)

h = 1 h = 2 h = 3 h = 1 h = 2 h = 3

(1) (2) (3) (4) (5) (6)

receivedj,t+h -0.001 ∗∗∗ -0.003∗∗ -0.007∗∗∗ ln amount -0.0005 ∗ -0.002∗∗ 0.00003∗∗∗

(0.0004)∗∗∗ (0.0004)∗∗∗ (0.0004)∗ receivedj,t+h (0.0004)∗∗∗ (0.0004)∗∗∗ (0.0004)∗∗∗

Observations 10.5M 10.5M 10.5M 10.5M 10.5M 10.5M

Adjusted R2 0.468 0.468 0.468 0.501 0.501 0.501

t, j × d FE Yes Yes Yes Yes Yes Yes

Notes: In panel A, the independent variables are indicators equal to one if firm j received a payment in t+h. In panel B,

the independent variables are the total amounts (in colones) received by firm j from another firm in t+ h, transformed

using the inverse hyperbolic sine function. Robust standard errors, clustered by firm, are in parentheses. We include

time and firm×weekday fixed-effects. Data is daily and spans 2024.

D.4 Distribution of Chain Sizes
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D.5 Chained Payments and Prices

We consider the following regression to explore the role of deferred payments on prices

for chained firms on transaction v:

lnPricevpjt = δ + γ Deferredvpjt + λp + λj + λt + εvpjt,

where Deferredvpjt = 1 if sale v has a deferred paymen as opposed to being paid in full

immediately—and zero otherwise, and we include product, firm, and time fixed effects.

We can also interact Deferredvpjt with an indicator, Chainedkt = 1, which depends on

whether firm k—which made payment v to firm j—was classified as chained.

Column (1) of Table 5 shows that prices for a given product are 12% higher for trans-

actions with a deferred payment. Most relevant for our purposes, Column (2) shows

this effect is larger for firms classified as chained, indicating that there is a higher price

charged for a given quantity of good p if the firm buying the product is chained. Col-

umn (3) further breaks down transactions depending on the type of both the receiver

(j) and sender (k) of the payment. Reassuringly, a higher price is charged only if the

payment is made by a chained firm, regardless of the receiver’s type.
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Table 5: Chained Payments and Prices

Dependent variable: Price of transaction t for good p sold by firm j to firm k at time t (asinh)

(1) (2) (3)

Deferredvpjt 0.101 ∗∗∗ 0.073∗∗ 0.028∗∗

(0.018)∗∗∗ (0.017)∗∗∗ (0.007)∗∗∗

Chainedkt ×Deferredvpjt 0.038∗∗∗

(0.006)∗∗∗

Chainedjt&Chainedkt ×Deferredvpjt 0.037∗∗∗

(0.007)∗∗∗

Spotjt&Chainedkt ×Deferredvpjt 0.049∗∗∗

(0.007)∗∗∗

Spotjt&Spotkt ×Deferredtvpjt 0.008∗∗∗

(0.006)∗∗∗

Observations 50,836,448 50,836,448 25,459,682

Adjusted R2 0.670 0.670 0.699

p, j, t FE Yes Yes Yes

Notes: The independent variable in column (1) is an indicator equal to 1 if transaction v;s payment was deferred, as
opposed to having an immediate payment. This variable is interacted with a dummy that depends on firm k’s classi-
fication as chained or spot in column (2). Column (3) further decomposes transactions depending on whether firm j
and k were either chained or spot at time t; the omitted category having firm j as chained and firm k as spot. Robust
standard errors, clustered by firm, are in parentheses. We include product, firm, and time fixed-effects. Data is by sale
and spans 2024.


