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Abstract

There is a long tradition of linking entrepreneurship to economic growth. This pa-
per studies the effects of monetary policy, in the sense of fully anticipated inflation, on
entrepreneurship and its impact on economic growth. With the working capital require-
ment for labor inputs, I find that unless labor supply is perfectly elastic, inflation in-
duces more entrepreneurship. When entrepreneurship is the driving force of long run
economic growth, inflation can increase growth, while its impact on output at given
productivity level. This channel is novel and has many testable implications. I also dis-
cuss how this model can provides a theoretical rationale for the empirical findings that

growth can increase with long-run inflation at low levels of inflation.
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1 Introduction

The idea that economic growth is driven by entrepreneurial innovations can be traced back
to Schumpeter (1934). There is an extensive literature in economics linking economic growth
to entrepreneurship. These works tend to share a common implication: policies or institu-
tional changes that encourage entrepreneurial activities lead to higher growth. For example,
while King and Levine (1993) have argued that the higher the quality of financial intermedi-
aries the more potential entrepreneurs with technology advancing projects will be financed,
generating faster economic growth, Aghion, et al. (2009) emphasize entrepreneurs’ ability
to adopt frontier technologies in promoting economic growth. In a similar spirit, this paper
studies the effect of another policy, in the sense of fully anticipated long run inflation, on
entrepreneurship and its impact on economic growth.

The baseline model of this paper deviates from the standard neoclassical model in the
following two ways: first, [ assume that production cost needs to be paid before entrepreneurs
receive their revenue, or to say, I put a working capital requirement for them to buy la-
bor inputs; second, agents in the model can choose between two types of occupations (en-
trepreneurs and workers). In this baseline model, I show that when labor supply is inelastic,
inflation induce more entrepreneurship, and vice versa. The basic intuition of these results is
that we can think of inflation as a tax on monetary transactions, so when supply is inelastic,
the suppliers bear the cost of inflation tax, and when supply is elastic, the buyers bear the
cost of inflation. These results hold for with or without borrowing constraint.

Then I extend this baseline model to incorporate endogenous growth in a way similar to
Chiu, Meh and Wright (2011). I assume each entrepreneur has some probability of coming
up some innovation which boost their profit temporarily but will get absorbed into the ag-
gregate productivity in the long run. Therefore more entrepreneurs means higher long-term
growth. With this extension the implication is straight forward.

The next step that I will do is to incorporate heterogeneous entrepreneurial ability to
innovate. It is natural to think in equilibrium the entrepreneurs have higher ability than

the agents who choose not to become entrepreneurs. I will focus on the case where the



individual labor supply elasticity is low: at low levels of inflation, the marginal entrepreneur
is of high ability thus changes of long-run inflation will have big effect on economic growth
while at high levels of inflation the marginal entrepreneur is of low ability thus the changes
of long-run inflation only has small effect on growth. Combined with other channels of
growth, this can potentially generate patterns such that inflation increases growth at low
level but has negative effect at high level of inflation.

This paper is much related to monetary economics. There is no question that long-run in-
flation is one of the most important and robust factors affecting long-run economic growth!.
Economists have proposed various mechanisms. The question is how does it affect growth.
Tobin (1965) argued that inflation can enhance accumulation of capital instead of holding
moneyz. Subsequent studies, such as Chari, Jones and Manuelli (1995), examined endoge-
nous growth models how inflation affects growth by distorting the accumulation of either
(both) physical or (and) human capital. See Gillman and Kejak (2005) for an extensive sur-
vey. Even today, there are still substantial interests in addressing this question. Berentsen,
Breu and Shi (2009) developed a model where inflation negatively affects growth by discour-
aging decentralized trades of innovation goods which are used to increase labor productiv-
ity. Chiu, Meh and Wright (2011) studied the decentralized trade between innovators, who
come up with new ideas, and entrepreneurs, who are better in implementing these ideas.
The endogenous growth models generally predict that inflation negatively affects growth at
all inflation levels®.

Compared with the existing endogenous growth theories that study the effect of long-
run inflation, the mechanism in this paper is quite different. In general, these theories as-
sume some trades that are directly good for growth involves money*. Inflation discourages

such trades thus negatively affects growth. Here, the trade that requires money (labor in-

For example, Durlauf, Kourtellos and Tan (2009) found long-run inflation to be one of the robust predictors
of economic growth.

2The literature on money and capital is large, including Sidrauski (1967a, 1967b), Stockman (1981), Ireland
(1994), Aruoba, Waller and Wright (2008) and many more.

3In Chari, Jones and Manuelli (1995), the correlation of long-run inflation and growth can be positive only at
extremely high inflation levels.

4For example, inflation lowers consumption of cash good thus lowers the return of human capital as in Chari,
et al. (1995); or inflation discourages trade of innovation goods as in Berentsen, et al. (2009).



puts) is not directly related to growth. Inflation affects growth by influencing occupational
choice. Another important difference is that this paper rationalizes the stylized fact that in-
flation can enhance growth at low inflation rates.

On the empirical side, it is indeed widely accepted that too much long-run inflation is
harmful for economic growth. However, it has also been advanced that the relationship be-
tween economic growth and inflation might depend on the inflation level. The so-called
“threshold effect” has been confirmed by many authors, such as Sarel (1996), Ghosh and
Philips (1998), Benhabib and Spiegel (2009) and Gillman and Kejak (2005). They found that
the correlation between long-run inflation and economic growth is negative above some
threshold and insignificant or even slightly positive below the threshold. Further more,
Benhabib and Spiegel (2009) documented a significant positive relationship between infla-
tion and growth in ranges of moderate to negative inflation while Lopez-Villavicencio and
Mignon (2011) found similar patterns for advanced countries and a non-significant correla-
tion for emerging ones’. Even if we ignore the positive correlation of inflation and growth
at low inflation rates and just look at the threshold effect, that is, the correlation is only
significantly negative if inflation is higher than a certain cutoff, the evidence still suggests
there must be some channel through which inflation can enhance growth and thus counter-
balance the existing theoretical channels at low inflation levels.

The rest of the paper is organized as follows. In Section 2, I use the simpliest model
setup to illustrate the main mechanism. Section 3 extends the beseline model with endoge-
nous growth and imperfect bank credit. Section 4 concludes with a discussion of potential

extensions.

5The thresholds for advanced countries and emerging ones are different: 2.7% and 17.5% respectively.



2 Baseline Model with Perfect Bank Credit

2.1 Exogenous Entrepreneurship

There is a unit measure of agents in the economy. Time is discrete and agents live forever.
There are n entrepreneurs and 1 — n workers (n < 1). There are two kinds of nonstorable
consumption goods, a market good, x, and an endowment good, y. The market good is pro-
duced by entrepreneurs using labor inputs with the following prodcution function: Zf(¢,),
where /, is the labor inputs employed by an entrepreneur. At the end of every period, each
agent receives ZY units of the endowment good, where Z is aggregate productivity, which
grows exogenously at rate g. The period utility of agents is log(x) + y — v(¢;), where v is a
convex function, ¢, and ¢ are the labor supply of workers and entrepreneurs respectively
and let /g = 0°. Agents maximize the sum of discounted periodic utility with discount factor
B e (0,1).

Final goods x and y are traded at the end of each period competitively but due to limited
commitment, entrepreneurs need to pay workers using money at competitive wages before
they receive revenue at the end of each period. At the beginning of each period, agents start
with money holding m and can borrow or lend in nominal terms in a competitive credit
market. Loans will be repayed at the beginning of next period. In this section we assume

there is no restriction on how much an agent can borrow from this credit market.

Ve(m; M, Z) = max log(x) +y+ pVe(m'; M, Z")
X,y e, m’
st.m' = ZYp,+ Zpf(Le) + (m —wle)R+T — xp — ypy, (1)

where p and p, are the prices of market goods and endowment good, R is the gross
nominal interest rate in the credit market, T is the lump sum transfer received from central

bank and M is the aggregate money supply at the beginning of the period. Notice there is

®Here utility is quasilinear in y. As in Lagos and Wright (2005), this will make the distribution of money
holdings degenerate despite idiosyncratic shocks every period, which will be useful when we discuss innova-
tion shocks received by entrepreneurs later.



no cash in advance constraint for final goods, so if an entrepreneur does not spend all of
his money to buy labor inputs he/she will lend the rest of the money in the credit market
instead of hold idle money across periods’. Therefore m — w/, is the amount of money he
lend (borrow if this is negative) in the credit market which will increase his money holding
at the beginning of the next period by (m — w/,)R. Similarly the value function of workers

is

Vm;M,Z) = max log(x)+y—v(ly)+pVi(m;M,Z")
xy, by m’
st.m' = ZYp,+wly+mR+T—xp—ypy, ()

Similar to Lagos and Wright (2005), assume interior solution for y and plug in y we have

the value functions for the types:

Ve(m;M,Z) = maxlog(x)+BVe(m';M,Z")

x,le,m’

+p1[ZYpy+pr(€e) + (m —wle)R+T —xp —m’] (3)
y

First order conditions require 1/x = p/py, Zpfi(f.) = wR. Euler equation for money
holding requires p;, /py = BR, which can be rewritten as BR = (1 +¢)(1 + 7r) wherel + 7 =
p'/ p. When plug in interior solution for y for workers we have similar first order conditions:
1/x = p/py, w/py = v¢(fy) and same Euler equation for money holding.

So we know both types of agents will consume the same amount of market goods, thus
market clearing for market good requires x = Znf(¢,). The labor market clearing condition
requires: nl, = (1 — n)¢,. Credit market clearing requires that M = w(1 — n){y, or to say,
all the money are channelled to the entrepreneurs who need to buy labor inputs.

Lastly, the central bank can change the growth rate of money supply, 7, by changing the

size of lump sum transfer. We will be focusing on the steady state equilibrium. In equilib-

"This is true when we have interior solution for , or to say, Y is large.



rium agents take prices as given and maximize their value function and markets clear.
In steady state, from credit market clearing condition we know w'/w = M'/M = (1 +
T). Since w/Zp is a constant, so 1+ 7 = p'/p = (1 + 1)/ (1 + g). Therefore the Euler

equation can be rewritten as

BR=1+1 (4)

Lemma 1. An increase of T will reduce w/Zp.

Proof: p% = nZr _ Zﬂp% = Zlnf%&)' Since p% = v¢(lw), so the labor market clearing condi-

tion can be rewritten as

w_1
Zpnf(Le)

where £, = f[l(wR/Zp). LHS is increasing in both w/Zp and R so an increase of T will

(1—n)v,( ) —nle =0,

increase R and thus will reduce w/Zp.M

2.2 Endogenous Entrepreneurship

Now let us assume at the end of each period, agents can choose their occupation in the next

period. Thus the two value functions can be written as:

Ve(m; M, Z) = max {log(x) +y+ pmax{V*(m’; M, Z"), V¥ (m'; M', Z")} }

XY Le,m

Vé(m;M,Z) = max {log(x)+y —v(ly) + pmax{Ve(m';M', z2"), V¥ (m';M',Z")}}

xr]/réwrm/

Here free entry of entrepreneurship would require the payoff from being an entrepreneur
is the same as that of a worker. Thus we have
1 w

p—y[pr(ﬂe) — wR{,| — [?yéw —0(ly)] =0 (%)



Theorem 1. If ¢, = 1 and v({y,) = 0, or to say, individual labor supply is completely inelastic,
then an increase of T will increase n.

Proof: Now the free entry condition can be written as Zpf({,) — wR{, —w = 0, or

wR wR 1
f(ge)_zipe_zipﬁzo- (6)

Treat wR/Zp and R as two unknowns. The LHS is decreasing in wR/Zp and increasing R.
So wR/Zp will increase as R increases. From the labor market clearing condition: f; ' (wR/Zp) =

(1 —n)/n, we know n is increasing in wR / Zp. Finally, from (4) we know that T will increase R. W

Notice in this case, even if the individual labor supply is inelastic, the labor supply in the
aggregate level is elastic. This is consistant with many empirical finding that labor supply
in the micro level is inelastic yet it is much more elastic in the macro level.

Further, from Lemma 1, this effect is very similar to the Tobin Effect: higher inflation
induces more agents to become entrepreneurs because inflation makes being a worker so
much less attractive, just as inflation encourages accumulation of capital because it makes
holding the alternative, money, less attractive.

Next consider the opposite extreme case: when labor supply is compeletely elastic.

Theorem 2. If v({y) = ly, or to say, individual labor supply is completely elastic, then an increase
of T will decrease n.
Proof: When v(£y,) = £y, workers do not have any surplus by supplying labor. Therefore the Free

Entry condition becomes a zero profit condition for the entrepreneurs: Zpf(¢,) — wRl, = 0, or

F(t) ~ t ) = k/Zp.

The LHS is an decreasing function of wR/ Zp thus we must have wR / Zp fixed, thus /, is also
a constant and w/Zp is decreasing in R. Next notice interior solution for ¢, requires that
w = py. Therefore1/x = p/py, = p/w.So we know x = nZf({,) = w/p,ornf(l,) = w/Zp.
Since /, is constant, a decrease of w/Zp will decrease n as well. Thus T will increase R and

thus decrease n.



Here the intuition is that inflation can be thought as a tax on holding money, when la-
bor supply being perfect elastic the buyers (the entrepreneurs) bear all the cost of inflation
tax. Thus inflation will induce more entrepreneurs to become workers. The intrepretation of
these two theorems is of following: First, from these two opposite extreme case, we know
that when individual labor supply is relatively inelastic, then inflation tend to increase en-
trepreneurship, and vice versa. Second, given that most empirical studies using micro data
show small number of labor supply elasticity, the first theorem might be more relevent.

In the rest of the paper, I will consider three extensions of this basic model: (1) Endoge-

nous Growth; (2) Imperfect Bank Credit; and (3) Heterogeneous Entrepreneurship.

3 Market Economy with Perfect Bank Credit

3.1 Endogenous Growth

With probability ¢, an entrepreneur comes up with an innovative idea which gives him /her
a productivity boost over the current aggregate productivity (7 = 7). With probability 1 — o,
the entrepreneur receive a mediocre idea and he or she uses the publically known technol-
ogy (1 = 1). The reason to assume 7 is iid across time is to capture the idea that when an
entrepreneur gets a good idea, he gets a boost of productivity in the short run and then the
idea gets into the public domain and everyone can use it in the long run. The iid assumption
also gives analytical tractability together with quasilinear utility.

Next let me introduce the evolution of aggregate productivity. Let N be the total number
of innovations in each period. Aggregate productivity in the next period is given by the
following formula: Z' = G(N)Z. In general I assume G'(N) > 0. Here I give an example of

the evolution of aggregate productivity:

7' = p[Nf* + (1= N)|'/°zZ

where p is an exogenous component and ¢ is a parameter capturing the substitutability

of individual innovations in generating aggregate knowledge. These innovations get aggre-



gated into the public knowledge and every agent knows the technology Z' next period. As
special cases: if € = 1, then aggregate productivity next period is just an average of the
technology everyone knows this period, if € = 40, then it is given by the maximum pro-
ductivity; and € = —oo implies it is given by minimum productivity. This formulation is the
same as the one used in Chiu, Meh and Wright (2011). The difference is: there N is deter-
mined by the trade between innovators and entrepreneurs and here entrepreneurs get ideas
themselves so N depends directly on the total number of entrepreneurs: since I assume each
entrepreneur gets innovation with probability \sigma , so N = no . Therefore G'(n) > 0.
This formulation captures the idea that entrepreneurs seek innovations that generate
short-term profits for themselves end up causing positive externalities to aggregate produc-
tivity. Using this setup, inflation can enhance growth if it can induce more people to become

entrepreneurs.

3.2 Imperfect Bank Credit

In this section I will show how the model works with perfect bank credit, which means any-
one can borrow as much as he/she wants. Moreover, I will take the number of entrepreneurs
as fixed at n in this section. First look at the profit maximization problem faced by an en-
trepreneur with money holding m and realized idiosyncratic innovation shock 77, while W*

is his end-of-period wealth from market activity:

We(m,; M, Z) = maxnZpf(€) +(d - b)R 7)
st. wl=m—d+b (8)
d<m, )

where M is the aggregate money stock at the beginning of the period; d and b are the
entrepreneur’s deposit and borrowing from the financial market. Constraint (8) says the

entrepreneur needs to pay his/her production cost before realizing revenue and (9) simply

10



requires the deposit is no greater than the initial money holding at the beginning of the
period. Because with perfect bank credit there is no restriction on b, we can plug ind — b

from (8) into (7), then we have

Weé¢(m,n; M, Z) = max nZpf(£) + (m — wl)R. (10)

So the first order condition for ¢ is

Znpfe(£) = wR. (11)

The LHS is the marginal nominal benefit of purchasing an additional unit of labor input
while the RHS is the marginal cost of purchasing an additional unit of labor input. The
reason why the marginal cost is wR is because instead of paying an additional unit of input
at the beginning of the period, entrepreneurs can deposit w in the financial market and get
R at the end of the period.

Similarly, the end-of-period wealth from market activity for a worker is given by:

W% (m, 1, M,Z) = w + mR, (12)

where a worker does not receive any innovation shocks so the second argument is 1. This
says that a worker’s end-of-period wealth from market activity is just wage plus his/her
principal and interest from deposit. This is because a worker does not need to use the money
brought into the current period and will deposit all of it in the financial market. Notice (10)

and (12) imply that

OW!(m,n; M, Z)/dm = R. (13)

Given the two wealth functions, the value function of an agent is given by

11



Viim,; M, Z) = ma;l(log(x)—|—y—|—[$EVi(m’,z’;Z)
XY,

st. xp+ypy+m = ZYp, + W (m,y; M, Z) + T, (14)

where i could either be e or w, standing for entrepreneur or worker respectively. T is
the lump sum transfer or tax imposed by the government. Specifically we will let T = M,
where T is the growth rate of the money supply. Solve for interior solutions for y > 0 and

eliminate y, then

Viim,y;M,Z) = max{log(x) — xlf} +ZY + pl[Wi(m,;y;M,Z) + TM]
* y y

1 ‘
—|—max{—p—m’—|—,BEV’(17’,m';M’,Z’)}. (15)
m’ y
The first order condition for x is

L_r (16)

It is clear from (18) that consumption of the market good x does not depend on either the
occupation or individual state variables of an agent®. Despite this, y could vary depending
on their occupations and state variables. The Euler equation for money holding is

i; = 5;,;,wi(m’,;7/; M, Z")/om'. (17)

The LHS is the marginal cost of bringing one unit of currency into the next period while

the RHS is the marginal benefit. The term Wi(m/, n';M',Z")/om’ is the marginal benefit of

one unit of currency to the end-of-period nominal wealth in the next period. Because of

(13), this Euler equation does not depend on any individual information, so everyone is

8 As in models following Lagos and Wright (2005), the quasilinear utility together with iid shocks simplify
the analysis.

12



indifferent of holding any amount of money. Therefore the money holding distribution is
indeterminate. Assume for simplicity that all entrepreneurs hold m. and all workers hold

my, then labor market clearing and credit market clearing requires that

_1, wR _1,wR
n(f_fl 1(@)—’_1’[(1—0)_][1 1(7p>:1—n, (18)
1, wR _1,WR
nome, — wf, (17 p)]—l—n(l—(r)[mg—wfl (Z—p)]+(1—n)mw:0. (19)

Then, using the fact that nm, + (1 — n)m, = M, we have that’

M= (1-n)w. (20)

Lastly we need market clearing for the market good, that is

¥ = noZiflf () + (1= ) ZFL (Gl @1)

We are interested in balanced growth equilibrium, which is defined as prices {p, p,, w},
nominal interest rate {R} and allocations {x,y, ¢,d, b, m'} that satisfy (a) utility maximiza-
tion; (b) profit maximization; (c) markets clearing; and (d) constant growth of aggregate state
variables.

These conditions require that the following objects will be constant: G(n), T, le, R, and

NI=

First, to solve for R, we will notice using p, = xp, (20) and the fact that w/Zp is constant,

we know py, /py = (14 ), which is the gross growth rate of the money supply. Then, using

(13), we can rewrite the Euler equation as'’

(1+r); =R 22)

9 Actually for any money holding distribution we will end up with (20).
19The Euler equation can also be written as (1+ ¢)(1+ 7r) = BR, where 7 is the inflation rate for market good
X.
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The LHS can be seen as the gross nominal interest rate of an illiquid bond sold at the end
of a period that matures at the end of the next period, and R is the nominal interest rate of
deposits/loans after agents realize their idiosyncratic shocks. When there is no commitment
problem between banks and agents, these two interest rates are the same. If this is the case,
even workers will be willing to hold money. In this case the money holding decision is
arbitrary, and any person is happy to hold any amount. There is only one thing different for
entrepreneurs and workers: entrepreneurs sometimes are borrowers, but workers are never
borrowers. In this environment an increase in T will increase R one-for-one.

The equilibrium is characterized by (18) and (22). The two unknowns in the system are R
and w/Zp, or the real wage in terms of the market good adjusted for productivity. Once we
get R from (18), because now # is fixed, we can find w/Zp from the inputs market clearing
condition (18). Since (18) is decreasing in both R and w/Zp, we are sure that the equilibrium
exists and is unique.

The main take-away from this version of the model is that the money holding distribu-
tion is indeterminate and with fixed #, an increase in T translates to an one-to-one increase

in R, and a one-to-one decrease in w/Zp.

3.3 On the Timing of the Environment

In this subsection I will discuss three assumptions about timing in the model: first, the tim-
ing of innovation shocks; second, the timing of the lump-sum transfer; third, the timing of
debt repayment.

First, I assume that the iid innovation shocks happens at the beginning of each period.
The reason for this assumption is because I am mainly interested in the short-term needs
of liquidity of entrepreneurs. This captures the idea that when an entrepreneur needs liq-
uidity (or more specifically money), he/she needs to work with whatever liquidity he/she
has on hand plus whatever liquidity he/she can borrow from the credit market (or banks).
This is exactly what makes the question interesting: because of the uncertainty of the inno-

vation shocks, an entrepreneur will anticipate this liquidity need and choose his/her money

14



holding accordingly.

Second, I assume that lump-sum transfers take place at the end of the period. Other
possibilities include: (a) after agents access financial market and (b) at the beginning of the
period before agents realize their innovation shocks and access the financial market. (a) is
obviously not a good choice because once the transfer happens agents will immediately
want to access the financial market again, effectively changing (a) into (b). (b) is not too
sensible because this effectively forces workers to put the money they receive as lump-sum
transfers in the financial market. In this case lump-sum transfers not only change the money
stock and thus price levels, but also affect the credit market in an artificial way. This being
said, (b) is worthwhile considering from a purely theoretical point of view.

Third, I assume debts are repaid within the period. We should notice m’ is the money
holdings for agents before they realize their innovation shocks and access the financial mar-
ket in the next period. As long as m’ is higher than dR, that is, as long as the (targeted)
money holdings at the beginning of next period is higher than the principle and interest on
current deposits, then whether the debt is repaid at the end of the period or at the begin-
ning of the next period before innovation shocks are realized is irrelevant. For concreteness,
suppose that an agent wants his money holding in period t + 1 to be $200 and is expecting
a repayment of $150 from the financial market. Then, whether the $150 is paid at the end of
period ¢ or at the beginning of period ¢ + 1 is the same for him: he puts aside $50 at the end

of period t and ends up having $200 at the beginning of period t + 1.

4 Imperfect Bank Credit

4.1 Exogenous Entrepreneurship

Now we come back to look at the cases where bank credit is not perfect. Specifically, we will
focus our attention on the case where sometimes entrepreneurs are going to be constrained.

Now the end-of-period wealth from market activity for an entrepreneur is given by

15



We(m,m; M, Z) = r?g??qpr(é) +(d—Db)R (23)

st. wl=m—d+b (24)
bR < bZp (25)
d<m (26)

Plug in the constraint (24), the wealth function becomes

W¢(m,n; M, Z) ZIp;gﬂZPf(W)Hd—b)R (27)

subject to (25) and (26). Now, solving for 4 and b, we get

d=0andb="2, ifnZpfi(®+2) > wR o8

d>0,andb < Z’ZTP, otherwise

An entrepreneur will borrow to his limit if yZpf; (% + sz—lf) > Rw. If this is not the
case, then we will have interior solutions for d and b then d — b = m — wl. The end-of-
period wealth from market activity for workers is the same as given by (12). Now the Euler

equation (17) for entrepreneurs becomes

1+t
p

As before the LHS is the marginal cost of carrying one more unit of money into the

Zp ., ,m bZp
U’?gff(;*‘wiR)‘F(l—U)R (29)

period in nominal terms, which is increasing in the growth rate of the money supply and
decreasing in the discount factor. The RHS is the marginal benefit of one additional unit of
money in terms of end-of-period nominal wealth: with (1 — o) probability an entrepreneur
gets no innovation shock, so he is unconstrained and just deposits the money into the bank
while with ¢ probability an entrepreneur receives an innovation shock so he is constrained

and o7j % fE+ l;)z—lf) is the nominal benefit of an additional unit of money for a constrained

16



entrepreneur.

Lemma W: Workers do not hold cash across periods if some entrepreneurs are con-
strained.

Proof: As long as some entrepreneurs are constrained, from the first order condition (28)
we know ﬁ%fg(% + Z}Z—If) > R, so from (29) we know R < (1 + 7)/pB. On the other hand, for
workers to be willing to hold cash into the next period, we will need R = (1 + 1)/, which
cannot be satisfied. QED.

This is different from the perfect banking credit case. Another way to interpret this result
is by observing: here the nominal interest rate in the credit market is depressed by the finan-
cial frictions, that is, lower than what the nominal interest rate would be when we have
perfect bank credit. For entrepreneurs, they sometimes are constrained and have higher
marginal benefit higher than the nominal interest rate, so they are willing to hold money.
But for workers, the benefit of holding money is just the nominal interest rate which is now
not enough to compensate for the cost of carrying money across periods.

Another question is whether some financial institutions can take deposits at the end of
a period and make loans to the entrepreneurs at the beginning of the next period after they
receive their innovation shocks. This cannot happen either: because workers will only be
willing to deposit at the end of a period if financial institutions offer an interest rate R; that
is equal to (1 4 7)/pB. But then the credit market interest rate is only R < Rj. Therefore
no financial intermediary will borrow at R; and lend at R. To sum up, in this environment
only entrepreneurs will carry money and they will deposit and borrow in the credit market
depending on their periodic productivity shocks.

Next we look at the two market clearing conditions. Inputs market clearing requires:

m  bZp

no(—+—7—)+n(1- a)fl’l(

st )=1-n. (30)

Zp

Credit market clearing (divided both sides by w) requires:

(1= o)lm—wf; ' (G] = o g @

17



Proposition 1: With exogenous entrepreneurship, when the borrowing constraint bR <
bZp is binding for the entrepreneurs with innovation shocks, there exists an unique equilib-
rium with dR/dt > 0 and d(w/Zp)dt < 0.

Proof: To solve for equilibrium, we will notice from (30), when 7 is fixed, there exists a

unique wR/Zp. Now rewrite the Euler equation in the following way:

1—|—T_
p

Because wR/Zp is constant and m/w = (1 — n)/n is also constant, therefore an increase

Rion 22 (" +228) (1 0)) (32)

in T induces a one-to-one change in R. Because wR/Zp is constant, an increase in R means
a decrease in w/Zp. QED.

The intuition for this result is that when T increases, the cost of carrying money from
period to period increases. This lowers the entrepreneurs” demand for labor inputs. In order
to maintain labor market clearing, we will need w/Zp to decrease. When this happens, total
output of the market good does not change. Inflation acts as a transfer between workers and
entrepreneurs’!.

Corollary 1: With exogenous entrepreneurship, inflation transfers wealth from workers
to entrepreneurs.

Proof: We can look at the total wealth, including the lump-sum transfer for agents. Be-
cause we have shown that consumption of the market goods is the same for all agents, from

(14) we can find consumption of the endowment good for the agents with different occupa-

tions:

y:ZY—’I;r’+;[—m’+wi(m,;7,-M,Z)+rM]. (33)
y y

Since workers will set their m’ = 0, and W*(m,; M, Z) = w. Now from (38), xp = py,

so for workers

HThis is of course because we held the labor supply in the formal sector constant. Otherwise inflation will de-
crease labor supply thus total output could change. I do not consider that here because if we put a disutility from
working in the market for workers, then we need to say something about disutility from being an entrepreneur.
There is no standard way to model entrepreneurs’ disutility. This will be further discussed in the last section.
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Yo =ZY—C 42— 42— (34)

Because total production of market goods is unchanged with respect to T, so Z/x is con-
stant. The third term is workers” wage in terms of the market good adjusted for productivity,
and the fourth term is the value of the government transfer in terms of the endowment good.
Though we know w/Zp is decreasing in T, but it is not straightforward to see whether the

fourth term is increasing or decreasing in 7. But if we rewrite the expression:

xp  Zw ZwR1+T
= Zy—-"Lt4 = z
Yw Py + pr”‘f’ X Zp R

(1—n) (35)

Because x, Z/x, wR/Zp and (1+ 7)/R are constant, and w/Zp is decreasing in T so
we know y,, is decreasing in 7. We know that the total production of market goods and
the total endowment good are unchanged. So inflation acts just as transfer from workers to

entrepreneurs. QED.

4.2 Endogenous Entrepreneurship

In this subsection, I will allow agents to choose between two occupations: entrepreneurs and
workers. Specifically, at the end of the period, each agent, regardless of current occupation,
can choose for next period whether to become a worker or an entrepreneur. Now the agents’

problem is given by
Viim,y;M,Z) = maxlog(x)+y+max{BEV‘(n',n’; M, Z), BV¥(m',1,M, Z)}
X,y m'!

st xp+ypy+m' =ZYp,+ W (m,5; M, Z) + TM. (36)

Solve for interior solutions of y
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Viim,q;M,Z) = max{log(x) — x;)} +ZY + Pl[Wi(m,n;M,Z) + TM]
* y y

1
+max{—p—m’+max{ﬁEV“’(m',17/;M,Z), BV« (m',1;,M,Z)}. (37)
m’ Y

Since Lemma W still holds here, the optimal money holding for a worker is zero. Now
consider the case when n < 7, or to say, there are still potential entrepreneurs that choose
to be workers. Then these agents must be indifferent about either being a worker or an

entrepreneur'?. Then we must have

1
pvVe(m', 1, M',Z") < max{—p—m’ + BEVE(m',n'; M, Z")}, (38)
m’ y

where the inequality is binding if n < 7. Since x’ and TM' are independent of state
variable and occupational choices, we have the following free entry condition (in terms of

the previous period):

1
Py,—1

m+ﬁiE,1We(m,17;M,Z) > ,Blw, (39)
Py Py

where the inequality is binding if n < 7. The expected wealth for market activity can be

written as

E_AW(m,n5; M, Z) = o[pZiif(fy) — bZp] + (1 — o) [pZf(£L) + (m — wlp)R], (40)
where ¢ = -1 4 gwiﬁ and /;, = f{l(%f). Notice obZp is the amount the constrained
entrepreneurs (borrowers) need to pay back at the end of the period, and (1 — o) (m — w/)R
is the amount the unconstrained entrepreneurs (lenders) receive at the end of the period.
Notice from credit market clearing (31) that we know that these two terms cancel out in (40).

This is simply because borrowers” debts are the deposits of the lenders. After some algebra,

120ne can add fixed costs or benefit of being an entrepreneur, which will not qualitatively change the analysis.
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we arrive at the following simplified free-entry condition for entrepreneurship:

1+T1—nﬂ>ﬂ
B n Zp =~ Zp’

where the inequality is binding if n < 7. The endogenous variables are R, w/Zp and n.

offf(n) + (1 =) f(lr) - (41)

Now the equilibrium is characterized by three conditions: (30), (32), and (41).

Proposition 2: With a binding borrowing constraint for entrepreneurs with innovation
shocks and endogenous entrepreneurship, there exists a unique equilibrium with dR/dt >
0,d(7;)/dt <0,and whenn < 7 we have dn/dt > 0.

Proof: See appendix.

We can get some intuition for Proposition 2 by looking at the simplified free-entry con-
dition for entrepreneurship. The RHS of (41) is what a worker gets from market activity
(adjusted for productivity). The LHS of (41) is the expected benefit of being an entrepreneur
from market activity (adjusted for productivity): the first two terms are the expected revenue
in terms of market goods (adjusted for productivity), and the third term is the expected cost
of being an entrepreneur. The cost is increasing in w/Zp, the real wage in terms of market
goods adjusted for productivity. It is also increasing in (1 — n)/n, the expected measure of
labor inputs each entrepreneur hires. Lastly, and most interestingly, the cost is increasing in
(1+ 7)/PB. The reason for this is that entrepreneurs need to sacrifice consumption in the pre-
vious period to prepare the liquidity /money needed for their business in the current period.
Such sacrifice is increased when we have a higher growth rate of the money supply.

When n is fixed, then changes int do not change the LHS, because as shown in Propo-
sition 1, wR/Zp and (1 4 7)/BR are constant. But an increase in 7 will decrease the RHS,
w/Zp. As aresult, inflation distorts the payoffs from different occupations. The only way to
equate the LHS and RHS is to increase n.

When n = 71, we need to show that an increase in T would not induce the existing
entrepreneurs to become workers. If we fix 1, we know from Proposition 1 and Corollary 1
that inflation will shift wealth from workers to entrepreneurs, so any further increase in T

will not change n.
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From Proposition 2, we know that an increase in the growth rate of the money supply
can increase the number of entrepreneurs. Because of G'(n) > 0, economic growth can be
enhanced by higher rate of growth of money supply. Also notice from Proposition 2, when
n = i1, any further increase in the growth rate of the money supply will not affect economic

growth. So this channel only works for low inflation rates.

5 Concluding Remarks

In this paper, I examine how inflation affects agents” occupational choices of whether to be-
come an entrepreneur or a worker. Inflation is a tax on holding money which increases the
cost of being an entrepreneur. Although this is true, it ends up being passed on to workers
in the form of lower real wages. Once occupational choice is allowed, a higher inflation rate
will induce more people to become entrepreneurs instead of workers. More entrepreneurs
generate more innovation and thus higher growth. This mechanism is in line with the liter-
ature relating growth to entrepreneurship and is novel compared to the existing literature
studying the effects of long-run inflation on economic growth. In addition, this mechanism
could help explain why long-run inflation and growth can be positively correlated when
inflation levels are low. I will discuss two possible extensions/limitations of the model in
the rest of this section.

In the current version of the model, this mechanism will only be effective at low infla-
tion rate because I assume that there is a fixed number of identical potential entrepreneurs.
It is worthwhile to explore a more realistic case: what will happen if potential entrepreneurs
differ in their abilities to come up with innovations? Future versions of this paper will ad-
dress this question explicitly. Here I give an informal argument. Note that the way inflation
drives more people into entrepreneurship, in this paper, is by lowering real wages. When
inflation is low, wages for workers are still high. The lower ability potential entrepreneurs
would rather work for wages and the marginal agent must have high ability. The effect of
inflation on growth would therefore be big. As inflation increases and the real wage de-

creases, the ability of the marginal potential entrepreneur will decrease as well. So the effect
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of this channel will be decreasing in inflation rates. It is possible that when inflation is high
other channels will dominate this channel so the net effect of inflation on growth could be
negative.

Another potential issue concerns the inelastic labor supply assumed in the model. If
workers supply labor inelastically, all the inflation tax is borne by the workers, while the
expected payoff for an entrepreneur from market activity remains the same. In general, if
individual labor supply is elasticity, then both entrepreneurs and workers will suffer from
the inflation tax and which group suffers more depends on preferences and technologies.
However, there exists a broad literature about hours constraints i.e. workers cannot eas-
ily adjust their hours worked. Hours constraints may comes from a fixed cost per worker
faced by employers, implicit contracts, agency problems and firm-specific human capital.
See Martinez-Granado (2005) for a survey of the theoretical and empirical studies that sup-
port the existence of hours constraint. Another simple reason for hours constraints not dis-
cussed in this literature could be that employers across countries are required to pay higher
hourly wages for overtime work, so individual labor supply might be constrained from
above when inflation is low and real wages are still high. According to this explanation, if
enforcement of labor law is weaker in emerging economies and thus individual labor supply
is not in its corner solution, then inflation would hurt entrepreneurs as much. Inflation in
this case would not enhance growth as much as when we have corner solutions for individ-
ual labor supply. This might even help explain why Lopez-Villavicencio and Mignon (2011)
did not find a positive correlation of inflation and economic growth in these economies.

Nevertheless, it is interesting to know the quantitative implications of elastic labor sup-
ply on the mechanism proposed in this paper. For example, it is unrealistic to think that
workers are willing to supply the same labor when real wages are extremely low, which
happens when inflation is extremely high in the model. Labor supply elasticity will be stud-

ied more in future versions of this paper.
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Appendix

Proof of Proposition 2:

There are three equations characterizing the equilibrium. Euler Equation for money hold-

ings:
RS s C I SR s s
Inputs market clearing:
Y N 7 R VL) SRS el
Free entry for entrepreneurship:
3R Y gy — o (LT V2P PRy 1Tl w w

To show existence and uniqueness. From (43), we know wR/Zp is increasing in n. Con-

dition (42) can be rewritten as

(1—|—T>w_0__ l—n  bZp wR

5 Zp fil— +wR)+(1_‘7)27' (45)

The RHS is increasing in 7, there fore w/Zp is increasing in n as well. From (43) we have

4, wR, 1-n o bZp
/ (Zp)_ n 1—0 wR’

Now the derivative w.r.t. n of I'® becomes

1 __1-n bz __1—n  bZp, . bZ

ord/on = —ﬁ‘mfl( ” +w—1§)+017fz( n w]f)awlf/an
1—mn o bZp 1 o _bZp

S S A e Ak Wyl b L)

+l1+rﬂ_1+rl—
B Zp B n

n.,w w
Bz—p /aTl — az—p/E)n
Using (45), we have
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_..1—-n bZp, wR pr
3 _
ar*/on = olijfi( — wR) ZP] R /on

1+1tl—n_.w
— g . a?p/an—afp/an

From 43 we know that if n — 0, then wR/Zp — 0. From 45 we know that if n — 0,
then w/Zp — 0. The first three terms in 44 is the surplus of being entrepreneur, which is
positive even if n — 0 (the analogy of an environment with finite agent model is the case
with one entrepreneur having monopoly power over production), while the last term in 44,
w/Zp goes to zero, so we know lim,_,o I® > 0. On the other hand, when n — 1, the first

two terms of 44 converge to zero, while the last two terms can be grouped together as

1+1tl1—m w
17
5 + )Zp,

—(

where the terms in the bracket is positive and w/Zp converges to infinity. So we know
lim, ,1 T® < 0. So if 7 = 1, we must have a unique equilibrium. If i < 1, when I'*(71) < 0
, we must have an unique equilibrium withn < 7; when I3 (1) > 0, then we must have an

unique equilibrium with n = 7.

Derivatives (when n < 71):

Total differentiation of (42), (43) and (44), we have the differential equations system:

(

1

BdT Rq Z%z ny dR dR

0 = R3 le4 ns d(Z%) =Q d(pr) ’
1 1
T%Bd R5 %‘;6 ng ) dn ) dn

where
Ri=T}=(1-0)—cZify(NZ L >0
B =T = —o(ZRMA0 + 7fu(D

L) = [—o(Z)2A(T) — o (222 fu(D) 22



bz
R3—T%:—‘7wf£%+(1—0)ﬁfl},)%},<0
12 _ bZp Z 1
z%zl—rz——‘fwfpwpﬂ%l 7)mmR <0

To show det Q > 0:

w w w w w w
detQ = ”7[R3Z7,6 - §4R5] + 1 [RSZT’z - pr}l] + n9[Ry Zp. TPZR
_ 1 _ @- 7 wo o w B wow
= ;{ Uw’?fll(l)[Razp6 Zp4R5]+(1 U)[R5zp2 ZP6R1]
wR w w
+(1_0)7P[R17P4_7PZR3]}'
where
w w 1, bZp 1 wR
Ri— — = Rs = =jo—=—-(1-0)—~x——
Zpe Zpy R R )fll(l)Zp]
1, bZp 1 wR1+7tl—n
il P cind R wr
R[ wR ( )fll(l)Zp] B n
w w - bZpZpll+t 1 wR,1+7
Rs— — — R = O l _— — [ R
5Zp2 Zpe ! UﬁoewaR B ( )f”(l)Zp] B
Z bZp 1
H-0)—o Lafu 2 2]
Zp . ~bZp1l.1+711—n
HA =) —o=ifull) = %] B n
and
w w 1+71 1 bZp Zp
Ri— —— Rg=——[(1—0 il el
lZP4 Zp, ’ B I )fll(l) wR WR]
Therefore
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detQ = 2{_ ’7f” Dle Zlf_(l_a)flll(l)zgj]
_Uinfn(f)[ B (-0 T

A0Zp B
H1-0)(1- o)~ o 2022
H1- (1 - 0) - o2 L T
rot-0) 2 g 2

Notice 77 f(I) % —1 > 0is from (28). Now all of the terms are positive, therefore det Q >

To find the derivatives. First for dR/dt

Lo,
dR/dt = ! 1dt w
~ detQp ¢ 0 7, ms
%nzlp Zﬂf% g /
e e )
T detQp‘ 7 Zp, °Zp, n Zp Zp,° zp,"”
where
w 1 wR, bZpZp 1
ng—— —ngo— = (1-0)5-5-[-0——+(1 R
9Zp4 8Zp6 ( )nz Zp[ wR w ( )fll(l) ]
bZp Zp
(1 —0) l-onfilh) 2L 2P
1 w 1+1tl—n
+(1- 2—— —
R nRz pon)
B 1 pr Zp 1 1+71—n
— (=)o LR nAD ~ 1+ (1= o)l + g
and
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Z - -bZ 1
Soms= o m = oG o CPAD 0 - 0)
e CPyas) + o (L >bz”]o—nfu< s
- o a)(%)zﬁﬁa‘)%w(l o UnQrZe L
R 0
Therefore
iR/dT = o <1—a>1;”,}2[1;f— L)
1 bZp . Zp

-0 nn‘ ST TUEE

Notice from Euler equation HTT — 0%17 fi(I) = (1= 0)R > 0. So every term is positive

thus dR/dt > 0.

Second for d(w/Zp)/dt
R1 1 ny
dlw/Zp)/dt = ! 1de’c
p - detQ,B R3 0 ns
\ RS %nzﬂp fo Y,
= gRs — Ron) + - (Ryny — Ryng)),
= detO 8R5 — Rang zp ety — Ritts
where
10Zp1 -~ wR
ngRs —Rang = —o(1—0) 5~ ol ﬁ(l)—fp]r
and
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Rany — Ring = U%ﬁfu(l_)w—REﬁ—(l—a)(l—a)ﬁ
1 7fu(l
ot
Since ngRs — R3ng < 0 (from (28)) and R3ny — Ring < 0,sod(w/Zp)/dt < 0.
Lastly for dn/dt
( R4 Zﬂpz 1
dn/dt = detle,Bdet R; Zﬂp4 0
R %, %
_ deth; 1;2[1{12@‘;4—22 )t (R —Rs )

where both R; pr4 7 szg and R3 7 e Rs 754 have been calculated before. Therefore

dn/dt = 1t ;{_HﬁTllz[ Z;Z]f (1 )flll()wR]l;n
+11{[c7};)zlf—(1—a)f”1(l)zz"1;]
a(ol2E T )
- deth/lszla[‘Tpr (1_0)f”1(l) Z;;] > 0.
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