
































































•	 •
Overview of Model

CREDIT CHAINS

January 1997

Many small firms owned and run by entrepreneurs.

Entrepreneurs unable to raise outside finance.

But an entrepreneur can borrow from his suppliers, because they can

withhold their supply if he defaults.

Nobuhiro Kiyotaki

John Moore

Questions

How do shocks propagate through a network of firms who borrow

from, and lend to, each other?

What are the aggregate effects of creditors postponing the debts of

delinquent debtors, rather than liquidating their assets?

Supply contracts have to involve an element of lending.

Entrepreneurs buy and sell from each other

an entrepreneur simultaneously holds gross financial positions:

i assets (accounts receivable)

liabilities (accounts payable)

Why don't firms insure against aggregate shocks to their accounts
	 An entrepreneur cannot net out his gross financial positions

receivable?
	 (he cannot securitize the debt owed to him)

i=s he is exposed to default risk

- SYSTEMIC RISK
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•	 •
Example

A has ordered 100 units of specific input from B at $1 a unit.

B has ordered 100 units of specific input from C at $1 a unit.

This is less than the $100 B was expecting to receive

B defaults against C

If C continues to charge $1 for each unit delivered
owes $100 to	 owes $100 to

A --% B 	  % C	 B takes delivery of only 80 units

A expects to have $100 in cash at due date of delivery.

B has no cash, but expects to receive $100 cash from A.

Suppose A unexpectedly has only $60 in cash at due date.

C can liquidate remaining 20 undelivered units, say for $0.5 each

C gets total of $90:

f
$80 in cash from B

£10 in liquidation receipts.

A defaults against B.	 And so on, along credit chain.

If B continues to charge $1 for each unit delivered

A takes delivery of only 60 units.

B can liquidate remaining 40 undelivered units, say for $0.5 each

t. B gets total of $80:

{

$60 in cash from A

$20 in liquidation receipts.

3	 4



• •
Secondary defaults by B, C would be avoided if A's debt were with an	 RESULT 1 (Systemic Risk)

unconstrained deep pocket, rather than with B.
Negative shock to liquidity

* aggregate multiplier
Wrong people are being exposed to A's risk.

everyone could in principle be made better off if people

Hypothesis:	 Economy where gross positions can be netted out 	 forgave each others' debts.

would react less to shocks?

Larger gross financial positions em longer credit chains)

Formal model is of a network of credit:	 * stronger multiplier

• each entrepreneur is owed money by several other

entrepreneurs

• each entrepreneur owes money to several people,

both to other entrepreneurs

and to deep pockets
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Postponement of unpaid debts

If B's return on investment < $2 a unit

B is better off postponing

A is also better off

postponement is bilaterally efficient

•	 •
Postponement imposes cost on C, however:

Now C is in same position as B:

viz. owed $100 by a debtor who only has $60.

Hence, if C's return on investment < $2 a unit

C is better off postponing B's outstanding debt of $40

And so on, along credit chain.

Note:	 No diminution of shock along the credit chain if debts are

postponed.

Why? Because no liquidation =4• no new cash

injected into system.

Following A's default, B has choice:

either	 liquidate 40 undelivered units

B has $20 more cash

B can buy 20 more units of input from C

or	 postpone A's outstanding debt of $40
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•	 •	 •
RESULT 2	 Insurance

Postponement of debt can be socially worse than liquidation, even	 In a stochastic environment, an entrepreneur faces:

though it is privately optimal.
(a) uncertainty in individual return from his own investment

Explanation: A decision by a creditor to postpone debt imposes a

negative externality on the creditor's creditors, and in

turn on their creditors.

(b) uncertainty in accounts receivable

(arising from fluctuations in his customers' incomes)

Impossible to insure against (a).

But (b) is correlated with aggregate state

entrepreneur can insure against (b)

Ideally, entrepreneur would buy policy that pays in bad state, and he

pays (the premium) in good state.

But entrepreneur cannot commit to pay in good state

he must pay premium upfront
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•	 •	 •
Benefit of insurance

On balance, costs may exceed benefit. Hence:
Entrepreneur can obtain better terms from his own suppliers if he is

less likely to default
RESULT 3

Costs of insurance	 Entrepreneurs may not insure against default risk

w systemic risk, even when shocks are anticipated.
• paying premium upfront eats into entrepreneur's own

investment

(inefficient to invest in an insurance policy)

• fluctuations in accounts receivable (b) may be relatively

small and not strongly correlated with fluctuations in

individual return (a)

entrepreneur sometimes will not need any

insurance to meet his own debt obligations in a

recession.
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•	 •
Deep pockets' technology

Basic Model
	

(constant returns)

Dates 0, 1, 2
1 unit of own labor	 -+ 1 unit of goods
between dates 0 and 1 	 at date 1

Entrepreneurs - measure 1

Deep pockets

Consume general commodity ("goods") at date 2

- numeraire	 Entrepreneurs' short-term technology
(constant returns)

Risk neutral
1 unit of goods	 —) a units of goods
at date t	 at date t 4. 1

Goods can be stored without depreciation

t = 0 or I
entrepreneurs M

Initial aggregate goods endowment	
deep pockets M
	 a > I

(large)

Aggregate labor endowment	 entrepreneurs N

between dates 0 and 1
	

deep pockets N
(large)

In effect, entrepreneurs have a superior storage technology.
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•	 •
Entrepreneurs' lone-term technology 

(constant returns) 	 Intermediate product is specific to entrepreneur.

First stage:	 Only use for the supplier is to liquidate it:

I unit of labor	 –, I unit of intermediate product 	 I unit of intermediate product can be liquidated for I c 1 units
between dates 0 and I	 (specific to entrepreneur) at date 1

of goods at date 1

Entrepreneur cannot use his own labor.
(liquidation has constant returns, and is instantaneous)

Instead, at date 0 he places orders with suppliers for intermediate

product to be delivered at date 1. A supplier works between dates 0

and I with a blueprint that E gives her at date 0. Suppliers may be

either other entrepreneurs, or deep pockets.

Second staee:

1 unit of intermediate product --> a units of goods
at date I	 at date 2

a > I

c
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•	 •	 •
Competitive market at date 0:

Any entrepreneur is free to place an order with any other

entrepreneur or deep pocket for intermediate product to be supplied

at date 1.

Restrictions on contracting

(1) Limited enforcement of contracts

entrepreneurs cannot raise outside investment funds

against future returns

(2) Supply contracts incomplete

s	 terms of delivery renegotiated at time of delivery

No counter-trade:	 if E makes intermediate product for E*, then

this precludes E* producing for E.
(3) Equal treatment in default: an entrepreneur defaults against his

suppliers on a pro-rata basis

(4) An entrepreneur cannot borrow against a promise to supply.
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•	 •
Implicit debt/supply contract	 q clears market at date 0.

Date 0	 Entrepreneur orders x units of his specific intermediate 	 q is a function of anticipated X (i.e. q is specific to entrepreneur)

product, for delivery at date 1
For deep pockets to be indifferent between using their own technology

Entrepreneur gives supplier blueprint 	 and making intermediate product for some entrepreneur:

Entrepreneur gives supplier a downpayment qx 	 q + p - (p -	 = 1

Date I	 Entrepreneur takes delivery of (1 - ).)x units by paying
	 In the absence of shocks, each entrepreneur will plan to have just

enough goods at date 1 to ensure X, = 0
supplier p(I - A.)x goods, where X 0

Supplier liquidates Xx units	 24. q = 1 - p.

In total supplier gets i qx goods at date 0

px - (p - ax goods at date 1 Interpretation: Implicit contract is a debt contract bundled with a

supply contract.
p is a fixed parameter, determined through bargaining at date 1

Assume t < p 1	 (interior bargaining solution)

X is determined by entrepreneur's goods holding at date 1.
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• •
Balanced investment	 CANONICAL NETWORK

At date 0, entrepreneur:

• orders X units of his own intermediate product

• takes orders for N units of intermediate product

from other entrepreneurs

• invests Y in short-term technology

Date 0 flow-of-funds:

(1 - p)X +	 M + (1 - p)N

E	 s r

D

Supply network:	 E supplies Els
E is supplied by En and D

Date 1 flow-of-funds:

PX 	aY	 pN

1	 1

accounts	 return on	 accounts
payable	 short-term	 receivable

investment

/ /

D

Balanced investment is best for entrepreneur if a > 02.
Credit network: 	 E. is in debt to E

E is in debt to En and D
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•	 •	 •
Numerical example

Long-term return a = 1.8
Short-term return a = 1.2
Liquidation value I = 0.5
Delivery price p = 1
Entrepreneurs' initial goods endowment M = 5
Entrepreneurs' labor endowment N = 24

Effects of an unanticipated shock at date I

For all entrepreneurs, suppose that the date I return from short-term
technology is unexpectedly cs <

=+ an entrepreneur can only afford to take delivery of X < X.

New flow-of-funds constraint at date 1:

S(	 - .	
AaY + prII	 N +

x"	 Xt

a
nI	 1' I 	 I	 Suppose  is 5% less than a

accounts return from accounts 	 liquidation
paid	 short-term	 received	 receipts	 (equivalent to a 1% shock to the entrepreneurs' wealth at date 1)

investment

Asterisks denote E*'s behavior. 	 The entrepreneurs' consumption is 1.7 % less than expected

(without credit chains, their consumption is only 1% less)
Multiplier.

All entrepreneurs would be better off if they forgive each other's debts

(= charge each other less than p)

23	 24



M . •	 •	 •
Stochastic Model

Postponement
At date 0, the date 1 return on entrepreneurs' short-term investment

Changes to model: Add date 3 	 is stochastic:

Consumption at date 3

Roam	 All entrepreneurs receive a

(probability 1 - it)
Entrepreneurs can use short-term technology at t = 0, 1 and 2

Entrepreneurs can use long-term technology twice:

between dates 0 and 2

between dates 1 and 3

Deep pockets have additional labor endowment between 1 and 2

Undelivered intermediate product can be stored from date 1 to 2

Let p = 1.

A supplier will postpone rather than liquidate if at < 1

For numerical example, postponement

entrepreneurs' consumption is 2.$ % less than

expected

(with liquidation, their consumption is only 13 % less)

Recession	 Fraction 1 - 0 of entrepreneurs receive cr + > a

(probability rc)
	

Fraction 0 of entrepreneurs receive cr. < a

(not verifiable)

Recession may be induced by a mean-preserving spread:

0a–+ (I - (90+ = a

25	 26



{

Typical policy: Pay Z goods at date 0 in premium

Receive (Z/n) goods at date 1 if recession occurs.

•	 •	 •

Insurance	 Proposition

Entrepreneurs can only insure against boom/recession 	 Assume (a - a) and (a' - a) are small, and that

Premium must be paid at date 0

At date 0, each entrepreneur chooses

X = units of intermediate product ordered for delivery at date 1

Y = investment in short-term technology

Z = insurance premium

au > Oa + (1 - (il)cr + Oacra - t)

Then the symmetric equilibrium has Z = 0 (no insurance)

(X, Y) chosen so that each entrepreneur just has enough funds in the

boom not to default.

In recession, a fraction 0 of entrepreneurs default; but all

entrepreneurs experience fall in accounts received.

multiplier

Note: (•) is satisfied by numerical example.
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