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Questions

To finance investment, entrepreneurs raise external funds against

their future revenues — largely against near-term revenues
Why are credit horizons short, even when projects are long?
How do credit horizons interact with firm dynamics?

Could a drop in long-term real interest rates lead to secular
stagnation?



Approach

Human capital of entrepreneurs/engineers is essential for con-
structing and then maintaining production facilities/plant

Their human capital is inalienable. To finance investment, engi-
neer sells the plant ownership to saver. They cannot precommit
to work for less than their equilibrium "wage"



Introductory Example

Engineer’s investment technology, within period t:

x goods
5 » — 1 plant

1 building: price g = ﬁ

With the engineer’'s continual maintenance, the plant yields
returns a¢+1, A¢4+2, At43, ...

If maintenance is ever missed, the plant stops yielding returns
from the following period onward



Through the bilateral bargaining with the owner, engineer's
"wage" equals fraction 1 — 6 of continuation value
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Vi = I (a¢+1 — wit1 + Vit1)

wir1 = (1 —0) Vi1

Engineer sells the plant to finance date-t investment at price
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Gross profit is "stationary":

Vi = —(a — W +—(a — W +—(a — W —+...
t R t+1 t+1 R2 42 42 R3 t+3 t+3

But engineer’s "wage" is forward-looking:
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This explains why the engineer’'s fund raising capacity has a

short horizon:
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The value of plant net of opportunity cost

Vima = (acn— )+ A1l — (1= 0)acse — f}
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Note the plant owner does not stop production because past
wages are sunk costs



Model
Small open economy with an exogenous real interest rate R

Homogeneous perishable consumption /investment good at each
datet = 0,1, 2, ...(numeraire)

Continuum of agents, utility U = FEp [£2, B'n ct)

Each agent sometimes has an investment opportunity (entre-
preneur/engineer) and sometimes not (saver), Markov process

At each date, an engineer E can jointly produce plant and tools
from goods and building: within the period, per unit of plant,
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Engineer raises funds by selling the plant to savers. Match
between plant and engineer is not specific — Plant owner hires
engineers for maintenance in a competitive market at "wage"
w. Engineer cannot precommit to work for less

At each date, the owner of plant of productivity z can hire any
number h of tools (hiring each tool along with the engineer
who knows how to use it) to produce goods and maintain plant
productivity: within the period, per unit of plant,
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New buildings are supplied by foreigners

Alternative use of building by foreigners:
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The plant owner always has the option to stop and liquidate
his plant into generic building. So his value of a unit of plant
of productivity z at the end of the period is given by

V(z) = Max {q, ;am}?x az — wh + AV (zeh”)]}

The plant owner must devise a long-term plan:
stop after a finite number of periods I, or
continue forever (1" = 00)?

An engineer raises fund by selling a new plant at price b =

V(1)



The budget constraint of an agent at date ¢ who has h; tools
and d; financial assets (maturing one-period discount bonds
plus returns to plant ownership) is

di11

ct + (x +q— b)iy = why + dy,

where h; is positive iff the agent was engineer yesterday. Iff
the agent is an engineer today, investment 7; is positive, and
her tools tomorrow will be

hit1 = Ay 4+ 14
The budget constraint can be written as

d
ct+(x+q—0b)his1- ;1 = [w+Aax+q—b)]|hi+d; = ngy,

where n; is net worth



When the rate of return on investment with maximal leverage,
R¥, exceeds the interest rate

_w—l—)\(x—l—q—b)>
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I,

the engineer’'s consumption and investment are

Ct — (1 — 5)7745
(r 4+ q—b)hit1 = By
A saver's are
ct = (1—B)n
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A steady state equilibrium of our small open economy is char-
acterized by the wage rate w and new-plant price b, together
with the quantity choices of savers/plant owners (¢, d, h, z, y),
engineers (c, h,t), and foreigners (who have net asset holdings

D*), such that the markets for goods, tools, plant, and bonds
all clear



Proposition 1. Pure Equilibrium with No Stopping: Low
Opportunity cost f < fcritical

(a) No plant owner stops

(b) Aggregate ratio of tools-to-plant stays one-to-one (because
equal initial supply, equal depreciation, no stopping): hy = 1

(c) All plant is maintained at initial productivity: z; = 1

(d) All plan has output: y; = a



Optimal maintenance choice (z;+1 = th? and hy =z, = 1)
A ° N
w:O—I—Ena—I—ﬁné’a—l—ﬁné’ a-+ ...

1 A A%
b = Eas | Rza(l —n) + ﬁa(l —n — nb)
A 2
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Engineers’ share of gross output rises with horizon as 0, n,
n—+n0, n—+n0 +nb?, ...

Plant owner’s share from present plant declines with horizon as
1,1—n,1-—n—n0,1—n—n0—nb ..
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Proposition 2. Mixed Equilibrium: High opportunity cost
f > fcritical

(a) Plant owners are initially indifferent between stopping in
some finite time and continuing forever

(b) Aggregate ratio of tools-to-plant is larger than one-to-one
for continuing plant: h; > 1

(c) The productivity of continuing plant increases over time
(d) The productivity of stopping plant decreases over time

Lemma: There is no equilibrium in which all plant shut down
in finite time



Proposition 3 (Pure Equilibrium with No Stopping):

(a) For an open set of parameters (particularly A and R not
too far from 1), there is a pure equilibrium with no stopping
such that an unexpected permanent drop in the interest rate
R leads to a lower steady state growth rate G

(b) Immediately following the drop in R, the economy can
experience a temporary boom, but all agents (engineers and

savers) can be strictly worse off
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In particular, with constant returns to scale, n + 6 =1,

0}
| b =
engineer’s fund-raising capacity R — )\@
PV of plant owner’s share

Because 6 < 1, the fall in R may not increase the engineer’s
fund-raising capacity as much as building price

- f
- R— )\

q

This effect can be strong enough — overcoming rise in net worth
— to stifle investment and growth:

gross investment | —

net worth of engineers |

B X

investment cost (x + q) TT — fund-raising capacity (b) T
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Extension: ldiosyncratic Shocks:

\ ( — az goods
productivity z plant Y 5

. — { X productivity 2’ = ez’h" plant
h tools

) Ah tools
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0.2

Ine ~ N (—2, 02) , 1id. across plant and time

For a small variance o2, there is a cutoff plant productivity 2T
at which the engineers’ maintenance increases discontinuously

with plant productivity

For a large variance 02, the engineers’ maintenance is a smooth

increasing function of plant productivity



Policy

Non-exclusivity is the sole departure from Arrow-Debreu: im-
possible to keep track of each engineer’s trading history

If plant is easy to locate, then perhaps government could tax
the plant owner’s payroll at rate 7

Use the revenue to subsidize investment at rate s, where

sl = TwH

In Pure Equilibrium with No Stopplng > 0

Defining welfare as the population-weighted average of the ex-
pected discounted utilities of engineers and savers, we can show
that (for small 7) welfare rises with 7



