FRRERATPELR LM 3 DAFL

B rcirt R AR AT ERT SR 2R

P oE o8 s BWA

3 % % ¢ NSC 101-2410-H-004-012-

H o= oH R 101+ 08*01p2 102102 31p
H o7 H = Wi BERE

oA EHagh
N R - B ;f'l:f;‘lj_-":‘
PEEEAR D FLla-REnm R et

BLlripmyd - Emme g ey
BArpmy 4 - @mam A | o kR

S BT R APENEERIA R FEMAR 22T 2R A

oo A R O102& 117 26 P



Poe R D AP R RAF RGO R AR LR D SR
gL B oo Rm > BEMLREA A c APF L EFTT E
o R AR B AL HAEPE 0 RGO R R
B HARPEE Ap A e B EF R L HAE R R
MR TRk - BREL LS o APF AZ K
st dib bl p SR F AR F LD LI LR &
g o é:ﬁ:}ﬂ-i dl Gl < pF o ?jj\g\?‘\ﬁquf\l#q L PE s 2k
gl PR EE o F 2 PRBTRE - AFEE
HI L 5ok § o Fenadr b o WA S S - g
EF AR 0

P R4 D ML AHA S B U S il p ARk

-

® < 4 & . Originally, we intend to compare the relative merits
of government expenditure financing under financial
markets with banking and stocking systems,
respectively. Nonetheless, i1t turns out that results
are not so interesting, compared with recent
empirical studies. We then turn our attention to
compare relative merits of financing with the
presence of asymmetric information. We first
establish that the share of government expenditure
determines whether or not credit is rationing, which
in turn plays an important role in determining the
relative merits of money and income-tax financing. It
1s found that money financing leads to both higher
inflation and economic growth than income-tax
financing if credit is non-rationing. If credit is
rationing, however, money financing leads to a higher
inflation rate but a lower growth rate than tax
financing. In comparing social welfare, we find that
money (income-tax) financing is better than income-
tax (money) if credit is non-rationing (rationing).
Our results reconcile the pre-existing literature and
are consistent with some empirical evidence.
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Abstract
Originally, we intend to compare the relative merits of government expenditure
financing under financial markets with banking and stocking systems, respectively.
Nonetheless, it turns out that results are not so interesting, compared with recent
empirical studies. We then turn our attention to compare relative merits of financing
with the presence of asymmetric information. We first establish that the share of
government expenditure determines whether or not credit is rationing, which in turn
plays an important role in determining the relative merits of money and income-tax
financing. It is found that money financing leads to both higher inflation and
economic growth than income-tax financing if credit is non-rationing. If credit is
rationing, however, money financing leads to a higher inflation rate but a lower
growth rate than tax financing. In comparing social welfare, we find that money
(income-tax) financing is better than income-tax (money) if credit is non-rationing
(rationing). Our results reconcile the pre-existing literature and are consistent with

some empirical evidence.



1 Introduction

Recent studies on endogenous growth have established that government policies exert
great impacts not only on an economy's level of output but also on its growth rate.
Such recognition, recently, has also aroused much discussion on the relative merits of
alternative modes of government expenditure financing.! Van der Ploeg and
Alogoskoufis (1994), for example, construct a simple model of endogenous growth
with money-in-utility function and non-interconnected overlapping generations to
compare the effects of lump-sum-tax-financed, debt-financed, money-financed
increases in government spending on growth and inflation. Palivos and Yip (1995), on
the other hand, compare the relative merits of money financing and income-tax
financing in a linear technology of endogenous growth with a generalized
cash-in-advance (CIA) constraint. In an endogenous growth model with spatial
separation, limited communication, and liquidity preference shocks, Espinosa-Vega
and Yip (1999, 2002) investigate the impacts of increases in money-financed and
income-tax-financed government expenditure on inflation, economic growth, and
social welfare. Using a similar framework, Bose et al. (2007) examine whether the
optimal government expenditure financing depends on the level of economic
development. Gokan (2002) focus on the similar issue in a stochastic endogenous
growth model.

Parallel to the policy issues under endogenous growth models, another focus of
recent literature has been on the functions performed by financial markets. Indeed, it
has long been recognized by McKinnon (1973) and Shaw (1973) that financial
markets, whose operations play an important role in determining the performance of
the economy, are characterized by a wide variety of imperfections. One imperfection
of financial markets that has been received much attention is asymmetric information.
Examples include Bencivenga and Smith (1993), Bose and Cothren (1996), and Hung
(2005). More importantly, some recent studies have further recognized that inflation
as well as taxation may influence the problem of asymmetric information. Azariadis

and Smith (1996), Huybens and Smith (1999), Bose (2002), and Hung (2001, 2008),

! Itis a consensus in the literature that both money and income tax financings result in distortions
to the economy. Due to this, the research agenda in the recent literature is to compare the relative merits
of these two primary modes of government expenditure financing.
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for example, have documented that higher rates of inflation may exacerbate the
problems of asymmetric information and thus adversely affect the operations of
financial markets. This in turn may lower the steady state capital stocks and economic
growth.? On the other hand, Ho and Wang (2005) and Hung and Liao (2007) have
argued that government taxation exacerbates the problem of asymmetric information
and hence has significant implications on capital investment and economic growth.

From the aforementioned studies, it is obvious that there is an interaction
between the policies of government expenditure financing and asymmetric
information. However, no attention has been given to this interaction in the literature,
despite the fact that this interaction may contain important implications to the relative
merits of government expenditure financing. The objective of this paper is to fill this
important gap in the literature by constructing a model that is able to highlight the
roles of asymmetric information on the relative merits of government expenditure
financing.

To do so, this paper sets up a simple endogenous growth model with
two-period-lived overlapping generations of two types: illegitimate or low-quality
borrowers (type-1 agents) and legitimate or high-quality borrowers (type-2 agents).
Following Azariadis and Smith (1996), asymmetric information is introduced by
assuming that agents' types are private information and type-1 agents, if provided the
opportunity, will mimic the behavior of type-2 agents by borrowing from financial
intermediary (banks). In this latter case, the type-1 agents will abscond with the loans
and hence leave the bank with nothing. Facing this so-called adverse selection

problem, the bank will offer contracts to the borrowers subject to an

2 Azariadis and Smith (1996) add informational asymmetry into a standard monetary growth
model and find that the resulting incentive-compatiability constraint is not binding (binding) when
inflation is low (high). This enables them to uncover a non-linear relationship between the money
growth rate and long-run output levels, which accords well with some empirical studies. Huybens and
Smith (1999) develop a neoclassical growth model with costly-state-verification problems to explain a
large set of empirical facts on inflation, the volume of banking lending activity and the volume of
trading in equity markets, and real economic performance. In their analysis, multiple equilibria may
arise and an increase in the money growth rate, under the high-capital-stock steady state, will be
harmful to bank lending activity and to the volume of trading in equity market. Bose (2002) and Hung
(2003) examine the roles of asymmetric information in the inflation-growth relationships in models of
endogenous growth. In these papers, the analysis on the relative merits of government expenditure
financing is ignored.



incentive-compatibility constraint that prevents type-1 agents from mimicking the
behavior of type-2. This incentive-compatibility constraint, if binding, will prevent
the high-quality (type-2) borrowers from borrowing as much as they like and thereby
results in credit rationing. The purpose of this paper is to investigate how this
incentive-compatibility constraint is affected by the size of government expenditure
as well as its financing policies.

As in Azariadis and Smith (1996), money and capital are perfect substitutes in
this model. Hence, the rates of returns on both assets (loans and money) as well as on
bank deposits must be equal. An increase in the inflation rate, obviously, lowers the
returns on money as well as bank deposits. This lowers the utility of type-1 agents
when they reveal their true type to work and deposit their wage income into the bank.
Consequently, if the inflation rate is relatively high, a further increase in the inflation
rate will induce type-1 agents to misrepresent their type. To prevent this, the bank
must lower the amount of each loan that satisfies the incentive-compatibility
constraint. In other words, when inflation rates are relatively high, the
incentive-compatibility constraint is binding so that type-2 agents cannot borrow as
much as they want and thus are credit rationed. It is also clear that a further increase
in the inflation rate under the rationing equilibrium will exacerbate the incentive
problem and hence credit rationing becomes more severe. On the other hand, if the
inflation rates are relatively low, then type-1 agents will have no incentives to pretend
as type-2 and hence the incentive-compatibility constraint is not binding. In such a
case, type-2 agents can borrow as much as they want so that credit is not rationing.
We then compare the growth and inflation rates as well as social welfare under money
and income-tax financing for the cases when the incentive constraint is binding and
not binding, respectively. To facilitate the comparison, we also follow Palivos and
Yip (1995) to obtain the corresponding tax rate for each of the two financing policies
by setting the other tax rate to zero.

Most studies on policy discussions reach a conclusion that money financing
always leads to higher inflation and lower economic growth. Therefore, income
taxation is often suggested to finance government expenditure [e.g., McKinnon

(1991)]. This conventional wisdom, however, is challenged by recent studies. Van der
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Ploeg and Alogoskoufis (1994), for example, conclude that a money-financed
increase in government consumption results in a higher growth rate and a bigger
increase in inflation than a tax-financed increase. Similar conclusion is obtained by
Palivos and Yip (1995) under the CIA economy and Gokan (2002) under a stochastic
world. On the other hand, Espinosa-Vega and Yip (1999, 2002) find that the
conclusion depends on agents' attitude toward liquidity shocks. If savers exhibit a
high degree of risk aversion, an increase in seigniorage-financed government
expenditure raises the inflation rate but lowers economic growth. If savers' degree of
risk aversion is relatively low, such an increase leads to both higher rates for inflation
and economic growth. Bose et al. (2007), on the other hand, reach a result that tax
financing is better (worse) than money financing for developing (developed)
countries.

By introducing the possibility of a binding borrowing constraint (and credit
rationing), interestingly, this paper finds that whether or not the incentive constraint is
binding plays an important role in determining the effects of money and income-tax
financing. Specifically, it is shown that for any given share of government
expenditure money financing yields a higher inflation rate as well as a lower growth
rate than tax financing if credit is rationing. This is consistent with the conventional
wisdom. However, if credit is non-rationing, money financing leads to both higher
inflation and economic growth, a result consistent with recent studies. Note that credit
is rationing (non-rationing) if the share of government expenditure is relatively large
(small). Hence, our model indicates that the size of government is relevant in
determining the effects of alternative government financing, a result that is not
observed by recent studies.

The intuition underlying our results is straightforward. For familiar reasons,
money financing always leads to higher inflation than tax financing. When the
incentive-compatibility constraint is binding (i.e., credit is rationing), higher inflation
further exacerbates the problem of asymmetric information and thereby type-2 agents
are more credit rationed. This seriously impedes capital investment and hence
economic growth. Thus, when credit is rationing, tax financing yields a higher rate of

economic growth than money financing. On the other hand, if the constraint is not
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binding, there is no credit rationing and, in fact, higher inflation facilitates capital
accumulation since the loan rate is negatively correlated with the inflation rate.® This
implies that money financing yields a higher rate of economic growth than tax
financing.

It is interesting to note that our model yields an inflation-growth relationship
that is consistent with recent empirical studies [Fischer, 1993; Bruno and Easterly,
1998; Ghosh and Phillips, 1998; Khan and Senhadji, 2001; Burdekin et al., 2004],
which have found a negative correlation between inflation and economic growth for
high levels of initial inflation rates. In our model, when initial inflation rates are
relatively high, credit is rationing and, as stated above, a further increase in the
inflation rate exacerbates the problem of asymmetric information and hence leads to a
decrease in economic growth, regardless how the government finances its expenditure.
For low levels of initial inflation rates, recent empirical studies find that an increase in
the inflation rate may lead to an increase, a decrease, or have no significant effects on
economic growth. In our model, credit is non-rationing with low levels of initial
inflation rates and, when credit is non-rationing, there is a positive (negative)
correlation between inflation and economic growth under money (tax) financing. This
implies that an increase in the inflation rate may lead to an increase, a decrease, or
have no effect on economic growth, when we pool together all the countries with
money and tax financings.

In terms of the social welfare, recent studies imply that a mixed financing may
be optimal for the government to finance its expenditure, since the social welfare
function is increasing in the growth rate but decreasing in the inflation rate.
Nevertheless, Palivos and Yip (1995) find that money financing yields a higher level
of social welfare than tax financing if a larger fraction of investment purchases is
subject to the CIA constraint. Espinosa-Vega and Yip (1999) obtain a similar result
under the case where agents are fairly risk averse. Gokan (2002), on the other hand,

finds that taxes on wealth are more desirable than seigniorage for the government to

® The positive correlation between inflation and capital accumulation originates from Mundell
(1965) and Tobin (1965).
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finance its consumption in terms of social welfare, a result consistent with the
conventional wisdom.

With the possibility of credit rationing, our conclusion regarding the social
welfare again depends again on whether or not credit is rationing. We find that if the
discount rate is not too small, income tax financing yields a higher level of social
welfare than money financing under the rationing equilibrium. By contrast, money
financing yields a higher level of social welfare than tax financing under the
non-rationing equilibrium. Recall that credit is rationing (non-rationing) if the
equilibrium inflation rate is relatively high (low). Thus, our model suggests that the
government should utilize taxation (seigniorage) instead of seigniorage (taxation) to
finance its consumption if the economy's inflation rate is relatively high (low). This
may provide a theoretical explanation for the empirical evidence of Mankiw (1987),
who find a positive correlation between tax rates and inflation rates in the postwar
United States.

The rest of this paper is organized as follows. Section 2 describes the basic
model and Section 3 analyzes market equilibrium. The existence of equilibrium under
alternative financing is presented in Section 4. In Section 5, we compare economic
growth, inflation, and social welfare under alternative modes of government financing.

Section 6 concludes.

2. The Environment
Consider a model economy populated with infinite sequence of two-period-lived
overlapping generations.* Time is discrete and indexed by ¢ = 0,1, ...The size and
composition of each generation are identical. Each generation contains a continuum of
agents with unit mass. Agents are risk neutral and care only old-age consumption.
Agents of each generation are divided into two types. A A fraction of each
generation is of type-1 (potential lenders) and the remaining is of type-2 (borrowers).
Type-1 agent is designated as the household-firm, who works for the wage rate in his
young age and becomes a firm operator in the old age. More specifically, each young

type-1 agent is endowed with one unit of labor that is inelastically supplied to earn the

* With some variations, the environment of this model resembles Azariadis and Smith (1996).
8



comparatively-determined wage rate w;. Since each agent cares only old-age
consumption, a young type-1 agent must save this wage for consumption in the next
period. Each type-1 agent is also endowed with a storing technology; hence, he can
simply store his wage by which a unit of output stored at ¢ yields x > 0 units of
consumption goods at t + 1. Alternatively, each type-1 agent can lend to type-2
agents (designated as capital-producing firms) to exchange for consumption in the
next period. Finally, a young type-1 agent may exchange his wage for money and use
the money to exchange output in the old age for consumption.

Each young type-2 agent is endowed with a capital project that can convert time
t outputintotime t + 1 capital. Type-2 agents are not endowed with any other
resource; hence, external financing is needed for the capital project. As in the
literature, direct lending/borrowing between type-1 and type-2 agents is too costly to
proceed. Thus, any type-1 agent who intends to loan to type-2 agents can establish a
financial intermediation (or in short, bank) that accepts deposits from other young
type-1 agents and make loans to young type-2 ones. We also assume that there is no
any cost associated with banking activities. This together with the assumption that
any young type-1 agents can establish a bank ensures the competitive behavior of
each bank.

Finally, the government issues M, units of money at the initial period and there
is also an initial old generation of type-1 agents (with population equal to A) who is

endowed with k, units of capital.

2.1 Information Structure

The information structure of the model is similar to that described by Azariadis and
Smith (1996, 1998). Specifically, agents' type and input into storage (by type-1 agents)
are private information while market activities such as working, borrowing, and

capital producing are observable. These assumptions imply that the young agent of
type-1 is able to pretend as a type-2 and then mimics the behavior of type-2 agents,

but young type-2 agents, who are not endowed with labor, cannot claim to be a

type-1.



Similar to Azariadis and Smith (1996, 1998), a type-1 agent, who pretends as a
type-2 (to borrow), cannot provide his labor to earn the wage rate, because doing so
will be detected and punished immediately. Similarly, since capital producing is
observable and type-1 agents have no access to capital producing, a type-1 agent, who
pretended as a type-2 and obtained loans from banks, must go underground (thus,
financing old-age consumption by using storage technology) and abscond with their

loans.

2.2 Output Technology
A single final commodity (output) is produced by firms in each period. Each type-1
agent becomes a firm operator in the second period of life. A firm operator can utilize
his capital (acquired from the bank) as well as rent capital from other old type-2
agents and hire young labor from young type-1 agents to produce output. Specifically,
the production function of output y, for each firm is given as

y: = Akt kZNF™7 ,A> 0,0 € (0,1) (1)
where k, and N, are the amount of capital and labor employed by each firm, k, is
the average per firm capital stock, and A is a non-negative parameter. Capital
depreciates fully after production. Each firm will employ the same amount of capital
in equilibrium; therefore, k, = k,. For simplicity, it is assumed that u = 1 — o;
hence, the production technology in eq.(l) is a linear one as in AK model.

Labor and capital markets are competitive; thus the rental rates of labor and

capital at ¢ are given as

we = (1—0)Ak! N7 = (1 — 0)Ak, N7° (2)
and

pe = 0Ak' O TINETC = GANE = p. 3)
Under the separating equilibrium where each lender/bank offers contracts that
distinguish type-2 agents from type-1, the number of firms (old type-1 agents) is equal
to A and the total labor (young type-1 agents) is equal to A. Therefore, N, = N = 1.

Given this, itis clear that w, = (1 — 0)y,.

2.3 Government
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The final agent in the model is the government, which needs to finance its spending in
each period. In order to simplify analysis, we follow Palivos and Yip (1995) by
assuming that government spending (expenditure) does not enter into agents' utility or
production function.’

Government expenditures at t are proportional to per firm (or per type-1 agent)
output at the same period, i.e., 8y,, where 8 € (0,1) is the ratio of government
spending to the output level. In other words, the government must collect 8y, and
spend it by the end of time t. Government can finance its spending by taxing output
or seigniorage. Denoting the time t supply of money per agent of type-1 by M,,° the
government budget constraint (again, on the basis of per type-1 agent) at t is given

as
My — M;_4

D 0

Oy, =ty +

where T is the output tax rate and P; is the price level at time t. Letting m, be the
real balances held by type-1 agent at time ¢, (4) can be rewritten as

(0 — 1)y =mg —m_1 Ry Q)
where R[™, = P;_,/P; isthe gross real rate of returns from holding money between
time t — 1and t (the inverse of the inflation rate). It should be clear that if the
government finances its spending by output taxation only, then 6 = 7 and thereby
M; = M;_, (m; = m;_{R["*,); on the other hand, if only seigniorage is used, then

7=0.

3 Market Equilibrium
Since labor supply is inelastically and the market for final output is competitive, eq. (2)
is the condition for labor market equilibrium. Aside from labor market, we next

consider the equilibrium conditions for loan, capital, and money markets in turn.

3.1 Equilibrium of Loan Market

® Indeed, as is claimed by Palivos and Yip (1995), such a consideration will not affect the relative
ranking of alternative financial methods

® Note that each type-1 agent operates a firm under the separating equilibrium, which is the
equilibrium we consider. As a result, per type-1 agent is equivalent to per firm in this model.
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Each young type-1 agent may finance type-2 agents’ capital projects by depositing a
fraction or all of his young wage income into a bank. Of course, lending to borrowers
is subject to informational imperfections, so that the bank must design contract by
taking informational problems into account.

As in Azariadis and Smith (1996), if A is sufficiently large, then the non-trivial
equilibrium contract in the loan market is the separating contract in which all type-1
agents have no incentive to claim as a type-2. This incentive constraint can be derived
as follows. Denote r,,, as the rate of return to a type-l agent from deposits between
time tand t + 1. If atype-1 agent provides his labor to earn the after-tax wage rate
(1 — )w, and deposits this into a bank, he can obtain (1 — t)w;r,,, for his old-age
consumption. Instead of working, if he pretends as a type-2 agent and obtains a loan
with the amount of b,, he must store it and thereby can obtain xb; units for
consumption at the next period. Thus, the incentive constraint that presents a type-1
agent from mimicking a type-2 one is given as

(1 = D)w, 144 = xby, (6)
Note that deposits and money are perfect substitutes for each other; hence, r;,, must
be equal to the rate of return from holding money. Hence, eq. (6) is still the incentive
constraint for a type-1 agent if the agent exchanges all or part of his wage for money.
Under eg. (6), no type-1 agent will claim to be type-2.

By borrowing b, at t, the capital project of type-2 agent can produce z;,4,

Zee1 = a[ )Pk, a> 0,8 €(0,1) (7)
units of time t + 1 capital, where k, is the per firm capital stock at t. Note that the
amount of capital produced by the project depends on the amount borrowed b; as
well as the capital stock at the same period. This latter assumption captures the idea
that there is a spillover effect on capital production across generations.’

The type-2 agent can rent out the capital to firms for output production. Denote
R:41 asthe loan rate (in terms of output at ¢t + 1). Then, the after-tax capital income

of a type-2 agent is given as given as a| bt]ﬁktl_ﬁ(l —17)p — Ry 41 b;. Taking

" This assumption is needed for the balanced growth path. Alternatively, Bencivenga and Smith
(1993) interpreted this assumption as the borrower learns to operate the project more efficiently along
with the increase in the capital stock of the economy. It should be noted, however, that the capital stock
per firmat t rate is exogenous to the type-2 agent (borrower). Note also that k, = k, as type-2 agents
are homogenous.
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R:+, (and R{™) as given, the type-2 agent then selects b, to maximize his after-tax
capital income subject to the incentive constraint in eq. (6). If the incentive constraint

is not binding, then optimal b, is given as

ap(1—1)p "

The superscript » indicates the non-credit rationing case since the incentive constraint
is not binding. Alternatively, Azariadis and Smith (1996, 1998) dubbed this case the

be = b = [

Walrasian equilibrium. However, if R is small enough so that b{* is large enough,
then the incentive constraint becomes binding. In this case, the separating equilibrium

implies that the amount the type-2 agent can borrow is determined by eq. (6); hence,

1—17)w.R"
btzbrz%_ 9)

In this case, we call that type-2 agents are credit rationed (the superscript r refers to
credit rationing) because the amount the type-2 agent received is less than the one that
maximizes his old-age consumption. Alternatively, this case corresponds to the

private information equilibrium in Azariadis and Smith (1996, 1998).

Because money and bank deposits are perfect substitutes to each other, the rate
of return from money and bank deposits must be equal. Moreover, the banking sector
is perfect competitive and there is no cost associated as banking, the loan rate must be
equal to the deposit rate. Hence, similar to Azariadis and Smith (1996), standard no
arbitrage condition in any equilibrium with positive money holdings and positive
deposits (and hence positive loans) implies that

Tev1 = Repg = R{T 2 x. (10)

Before proceeding further, some additional assumptions are needed to raise
asymmetric information and the possibility of credit rationing. First, since labor
generates no disutility, the amount borrowed by the type-2 agents should be greater
than the one generated by a type-I agent's labor. Otherwise, no type-I agents have
incentive to pretend as type-2 and hence informational problems will essentially
disappear.® Thus, bl > (1 — T)w,, i = r,n, should satisfy. Eqgs. (9) and (10) implies

that b/ is always greater than or equal to (1 — t)w;. The requirement of b > (1 —

8 Indeed, working does not generate disutility to type-1 agents and pretending as a type-2 agent
prevents the type-1 agent from working.
13



T)w, implies that there is an upper bound of R givenas (1 —7)#[(1 -
o)Al 1aBp.® We denote this upper bound as R™.*° Second, one can see that b7 is
decreasing in R{™ while b{ isincreasing in R[*. Figure 1 depicts b{* and b{ as
the functions of R}

[Insert Figure 1 here]

Note that eg. (10) indicates that lower bound of R[™ isequal to x. As can be
seen in Figure 1, if b > b{* when R = x, then there will be no credit rationing for
R™ > x. To rule out this uninteresting case, we focus on the situation where
b < bl when R{™ = x. The parameter condition for this situation is x <
(1 - 0)P[(1 — 0)A]P~*aBp, which is always satisfied because x < R < R™ =
(1 —1)P[(1 — 0)A)P~*aBp. On the other hand, if R™ > x, then one can verify that
bf > b when R™ = R™. As a consequence, we establish that there is a critical
value of R[™, R™ € [x, R™], under which b} = b}*. Denote this critical value of

R™ as R™." We then have the following proposition.

Proposition 1. If R{* < R, then b, = b} and credit rationing arises. On the other
hand, if R* > R, then b, = b{* and credit is non-rationing. An increase in the
inflation rate (i.e., a decrease in R[") lowers (raises) the size of loans by if credit is
rationing (non-rationing).

The intuition behind Proposition 1 is straightforward. If the inflation rate is
relatively high (so that R{™ < R7*), then the loan rate is relatively low and thus a
young type-2 will like to borrow more. This induces type-I agents to pretend as type-2,
making the incentive-compatibility constraint binding and thereby resulting in credit
rationing. In this case, a further increase in the inflation rate tends to lower the deposit
rate, giving type-I agents more incentive to pretend as type-2 (and hence exacerbating
the problem of asymmetric information). To prevent type-1 agents from borrowing,

the size of loans must decrease along with a further increase of the inflation rate.

° Note that w, has been substituted by using eq. (2) with N = 1.
191 the government relies only on seigniorage to finance its spending, T = 0 and hence the upper
bound of R™ under money financing is [(1 — 0)A]#~'app.
L 4f b > b when R™ = x, then b} is always greater than b} for R > x.
2 Note that R™ = (1 — 1)#/@P){aBp[(1 — o) AP~ 1x1-F} /=B,
14



On the other hand, if the inflation rate is relatively small (so that R{* > R[*),
the incentive-compatibility constraint is not binding and thus a young agent of type-2
can select the size of loans to maximize his capital income. In this case, an increase in
the inflation rate reduces the loan rate and hence enables type-2 agents to borrow

more.

3.2 Capital Market Equilibrium

Recall that the number of firms under the separating equilibrium is equal to A.
Moreover, there are 1 — A borrowers (type-2) and each borrows b, attime t for
capital production. Denote the capital stock per firm attime t + 1 as k;,.,. Then,

capital market equilibrium at t + 1 implies that™®

(1 -Dzp4q _ 1-2)
P R

A (11)

kiyr =

If credit is rationing (so that b, = b[), then capital market equilibrium implies
(1-2) l(l - r)th:"r’ 15
a k.
A X

ki1 =
=W rpyasa - b
- @ ;A) a(RMBx=B(1 - 1)P[(1 — 0)A) Ky, (12)

where the last equality is obtained by using eq. (2). If credit is non-rationing, then
b, = bl and the capital market equilibrium implies
1-2 R

B
Rty rc T)p]ﬁ’—lkt. (13)

kt+1 =

3.3 Money Market Equilibrium

Recall that the total demand of loan is equal to (1 — A)b;. Since the population of
type-1 agent is equal to A, each type-1 agent, on average, lends (1 — A)b,/A to the
type-2 agents. Suppose that the type-1 agent deposits his entire after-tax wage rate
into a bank.'* Since the rate of return from the storage technology is less than (or

equal to) that from bank deposits (and money), the type-1 agent (or the bank), after

3 The LHS of this equation is the demand of capital while the RHS is the supply.
4 In fact, since money and deposits are perfect substitutes in this framework, type-1 agents are
indifferent in depositing all or a fraction of his after-tax wage income.
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fulfilling the needs of type-2 agents, will exchange his remaining wage rate for real
money balances. Hence, the condition for money market equilibrium (in terms of per

type-1 agent) can be expressed as™
1-1

m;={1—-1t)w;, — b;. (14)

Substituting b and b into the above equation, we obtain the money market

equilibrium under the cases of credit rationing and non-rationing:

ml = [1 - %} (1 - 1w, (15a)
and
1
0 1-1 [(ap(1 —1)p\1-B
mp = (1_0)A_A(1—T)< R ) (1 -1k, (15b)

As 1 is sufficiently large, a non-negative m, exists for R™ € [x, R™]. Egs.(15a)
and (15b) imply that the growth rate of m, is equal to that of k; along the balanced
growth path where R{™® remains constant over time. In other words, m, = gm;_4,
where g is the balanced growth rate. Note that when R™ = RT*, b{ isequal to b}

so that m} = m.

4. Existence of Equilibrium under Alternative Financing

We have specified the equilibrium conditions for loans, money, and capital markets,
respectively. In this section, we utilize these conditions to examine the existence of
general equilibrium to the economy along the balanced growth path for two different
methods of government financing: money financing and tax financing. Note that any
feasible balanced growth path displays that R{* = R™ and m; = m (as well as

g: = g); hence, we will suppress time subscripts in these variables when they are not

necessary.

4.1 Money Financing
Denote g,, as the growth rate under money financing. Since T = 0 under money

financing, the government budget constraint in eq. (5) becomes

5 Again, the LHS can be viewed as the supply of real money while the RHS is the demand.



Oy, = =m; —my_RZy = my_1(gn — RZ1), (16)

where the last equality is obtained by using the fact that m, = g,m._, under the
balanced growth path. Note that m,_, is the inflation tax base while (g, — R*,) is
the inflation tax rate. Denote Rjy. as the critical value of R™ for b{ = b{* under
money financing.’® As m, and m,_, differ in the cases of credit rationing and

non-rationing, we consider each in turn.

Case 1. R™ < Ry, (Credit Rationing)

Denote g,f,;” as the balanced growth in this case.’” Updating eq.(15a) one period

backward, we obtain m}_,. Substituting m{_; into (16) and knowing that

w; = (1 — o)Ak, and 7 = 0, the government budget constraint can be rewritten as
Kiiq — b = gm Ax = (1 -A)R™

ke M (1-7%5) - - DR™

(17)

We impose the following technical assumption to ensure that the balanced growth rate
IS positive:

Assumption Al: (1 — %) Ax > (1 —A)R™.

Assumption Al can be satisfied if A is sufficiently large. Note that Ax — (1 —
ADR™ > [1-6/(1 —0)]Ax — (1 — A)R™ forany 6 > 0; thus, the growth rate
exhibited in eq.(17) is always greater than R™ for any given value of R™.

The capital market equilibrium under this case is still given by eq.(12) with
T = 0. Denote g,f,;k as the balanced growth rate for capital market equilibrium in this
case (the second superscript k corresponding to capital market equilibrium). We then

have

k R
rk — t+1 — _t B 18
o =Tt = P (18)

where v = (1 — A)a[(1 — 0)A]P/A. Let gl and R be the equilibrium rates of

economic growth and return from money holdings under money financing and credit

1 Under money financing, 7 = 0 and hence R, = {aBp[(1 — o)A~ 1x1 =B}/ 2=F),
7 The first superscript r refers to credit rationing and the second superscript b corresponds to
the balanced government budget as well as money market equilibrium.
17



rationing. It is obvious that {g};,, Ri¥"} is then jointly determined by gi” and gi*

(egs.(17) and (18)).

Case 2. R™ > Ry, (Credit Non-rationing)

Denote g,’vl,'b as the equilibrium growth rate from the government budget constraint.
Updating eq.(15b) (with 7 = 0) one period backward to derive m{*_, and
substituting it into eq. (16), one finds the equilibrium condition for money market and

the balanced government budget as

=2 (aﬁ)ﬁ

I\T/ll'b — pm (1 B 0) R;.(n - (19)
(-5 = ()

Similarly, g,ﬁ,’b > R™ forany 6 > 0. We also impose the following technical
assumption to ensure a positive growth rate:

Assumption A2: (1 — &) Ar>ED (@)ﬁ.

(1-0) \R["

Recall that if R® = RI., bl = b and hence gl-” = gi*. The condition for capital
market equilibrium is identical to eq.(13), implying that the growth rate under which
capital market clears is given by

g = (R™YBIE=1y (20)
where u = (1 — Da(aBp)?/=P /1. Let gk, and R be the equilibrium rates of
economic growth and return from money holdings under money financing as well as
credit non-rationing. Similarly, they are determined by egs.(19) and (20).

The following lemma characterizes eqgs.(17), (18), (19), and (20).'®

A9 . 29" gy _ . %anc . A9 < .
Lemma 1. (1) > 0, -5 < 0.(2). - < 0,205 >0,(3). 5w > 0;
21" e oy 2940 . g
i 0; (4) 28 > 0; 20 <o,
Lemma 1 indicates that g};* and g’ are strictly concave in R™ but g},

and giv* are strictly convex in R™. We depict the loci defined by g%, gi?, git*,

g,’\}'b according to Lemma 1 in Figure 2. Recall that b™ = b™ when R™ = R},

under (pure) money financing. This implies that the locus defined by g;’k intersects

18 See Appendix A for the proof.
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the locus defined by gl* at R™ = RI}.. Similarly, the locus defined by gl;” meets

with the locus of gi” at R™ = RI}.. Note that giv* and g/%” holds for R™ > R}
and gi¥ and g, holds for R™ < Rip..%

[Insert Figure 2 here]

r.b

An increase in 6 will raise the slopes of g,,” and g,’ﬁ,’b (by shifting up the

r,b n,b

loci of g,; and g,,~ ina counterclockwise direction). Thus, the loci labeled as

gy ?y and (gu %Y in Figure 2 possess a lower level of 6 than those of g”’ and

nk .k

gMb Moreover, g,,~ and g,, are independent of 6. Given these results, Lemma 1

rk

thus implies that, for a given 6, if the locus of g,;" intersects the locus of g;;b, then

nk n,b

the locus of g,,” and g,,~ cannot intersect each other. The reverse is also true.

Recall that the rationing (non-rationing) equilibrium is determined by the intersection

k nk

of gy and gy (g and gITV‘,'b).Therefore, credit rationing and non-rationing

cannot arise simultaneously.

As stated, an increase in 8 raises the slopes of the loci defined by g”’ and

rk nk

gy b while the loci of gy and g, areindependent of 6. Consequently, the

government spending share 8 plays an important role in determining the equilibrium

of the economy. For the illustrative purpose, we define a 8,, such thatif 6 = 6y,

b

then the loci of g,,” and gr' intersect each other at R™ = Rj}y.. Similarly, define a

r,k

0y such thatif 8 = 8,,, then the locus of g,; meets the locus of g,rv;b at R™ = «x.

Obviously, 8,, > 6. Both 8,, and 6;, are independent of 8.%° Given these

k

definitions, fora 6 such that 8,, > 8 > 65, the locus of g,;" intersects the locus of

g,rv,b at R™ € (x, Ry"), implying that there is a unique credit rationing equilibrium.
On the other hand, if 6, > 6, the loci of g*” (which is labeled as (g};”) in Figure
2) and gn" cut across each other at R™ € (R%*, R™), so that the unique equilibrium
of the economy is characterized by credit non-rationing. We summarize these results

in the following proposition.

k r.k

9 As aresult, the loci of gy and g[/’) are plotted as dotted lines for R™ < R}y

(R™ > R}j,) in Figure 2.
* Note that 6;; = =2 [Ax — (1 — DRy, —

and gy (g

Ax—(1-)RE,

m].smce R}, is independent of 6 (see
Mc

A-(1-2) ]

x i g =193 _ (1) 20D
footnote 12), 6;, is also independent of 6. Moreover, 8,, = 7 [/1 1-2 AP

Hence, 8,, is independent of 6.
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Proposition 2 (Equilibrium under Money Financing) If the ratio of government
spending 0 satisfies that 8y > 6 > 05, then there is a unique equilibrium
displaying credit rationing. If 0y > 0, then there is a unique credit non-rationing
equilibrium.

The intuition behind Proposition 2 is straightforward. Under money financing, a
larger 6 implies that the government must increase seigniorage revenue to a larger
extent, which leads to a higher inflation rate and hence a lower R™. A lower R™
implies that the type-1 agent is more inclined to mimic the behaviors of type-2 agents.
Under the separating equilibrium, the incentive constraint becomes binding and hence
type-2 agents are credit rationed. By contrast, if 8 is relatively small, the inflation
rate is low and the rate of return from money (and hence deposits) is relatively high.
In this case, type-1 agents have no incentive to pretend as type-2 ones, implying that
the incentive constraint is not binding and hence type-2 agents can borrow as much as
they want.

For future reference, recall that g,” and gl” are both greater than R™.
Since the equilibrium of the economy under money financing is the intersection
between gi? (gn?) and gy (gik*), the equilibrium growth rates under money
financing (i.e., gy. and gp.) must be always greater than the equilibrium rates of
returns for money (i.e., Ryi and RyD).

Before we discuss the equilibrium under tax financing, it is worth noting that
there is a nonlinear relationship between inflation and economic growth under money
financing. To see this, recall that credit non-rationing (rationing) arises when the
inflation rates are relatively low (high), implying that g,ﬁ,’" holds for low levels of
inflation (i.e., high levels of R™) and g,ﬁ;" holds for high levels of inflation (i.e., low

levels of R™). Recall also that the equilibrium is determined by gi* and gt for

the non-rationing case and by g;;" and g,T,;b for rationing case. Then, a further
decrease in 6 for 8 < @y, in which the initial Ry is relatively high, will shift
down the locus of g,’\‘,,'b without affecting g,’&,’k. This will leads to an increase in Ry
and a decrease in gy;,. Since an increase in Ry is equivalent to a decrease in the

inflation rate, there is a positive correlation between inflation and economic growth

20



for low levels of initial inflation rates. By contrast, a decrease in 6 for 6, > 6 >
0y, in which the initial levels of the inflation rate are relatively high, will shift down
the locus of g;;b without affecting g;,’k . This will lead to an increase in both gj,.
and Ry, implying that there is a negative correlation between inflation and
economic growth for high levels of initial inflation rates.* Hence, we have the
following result:

Proposition 3. Under money financing, an increase in the inflation rate are

associated with an increase (a decrease) in economic growth for low (high) levels of

initial inflation rates.

4.2 Tax Financing

In this case, 6 isequal to 7 sothat M, = M;_, and hence m; = m;_;R[*; in
eq.(5) of the government budget constraint. Let g be the growth rate under tax
financing. The condition for the balanced government budget as well as money
market equilibrium reduces to g = R7*.? On the other hand, the equilibrium
conditions for capital market are still given by egs.(12) and (13) for the cases of credit
rationing and non-rationing. Utilizing eq.(2) with 6 = 7, the growth rates that clear

capital market for the cases of credit rationing and non-rationing are given by

Rm .8
gr=97" = (7) (1-6)fv (21)
and
R™ _ B
gT = g;"l,k = [(1 _ 9)] 1= u, (22)

respectively.
Define R7. asthe level of R™ under tax financing such that if R™ = R7%,
then b™ = b™.*® Moreover, we let g%, (g%.)and R™" (R™") be the equilibrium

rates of growth and return from money holdings under credit rationing (non-rationing).

2L Many recent empirical works have discovered this nonlinear relationship. See Hung (2008) for
the reference.

2 The government budget constraint can be expressed as (8 — 1)y, = m;_,(gr — R™). Under tax
financing, 6 = t and thereby g = R™. In other words, m;_; (egs.(15a) and (15b)) is irrelevant for
the equilibrium under tax financing.

% Thatis, RT: = (1 — 8)#/C=B)app[(1 — 0)A]P~1x1=F}1/2=F) Obviously, R is affected by
a change on 6. Due to this reason, we cannot follow the similar logic of money financing to discuss the
equilibrium of the economy.
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Then, eq.(21) and gy = R™ determine the equilibrium values of {g7., R7¥'} for the
case of credit rationing and eq.(22) as well as g = R™ determine values of

{gt., RTY*} for the case of non-rationing. Recall that credit rationing (non-rationing)
arises when R™ < (>)R7¢. Thus, the equilibrium rate of return from money under
credit rationing (non-rationing) must be less (grater) than R7%.

It is clear that g?" is a concave function of R™ while g;‘"‘ is decreasing in

R™. We depict the loci defined by g7, g** and g, = R™ (a 45-degree line) in

Figure 3. The equilibrium of the economy under income-tax financing is determined
by the intersection between the 45-degree line and either the locus of g?’"‘ or g;‘"‘ :
[Insert Figure 3 here]

Note that both loci of gi* and g** are affected by 6. For a given value of 6,

the locus of g;‘"‘ may intersect the 45 degree line ata R™ that is greater or less than

the one at which the locus of g;’k intersects the 45 degree line. We depict each
possibility in Figure 3. Consider the first case where, for a given 6, the locus of g;'k
intersects the 45 degree line at Point D while the locus of g’T"k intersects the 45
degree line at Point B (the locus of g?’"’ is labeled as g?’f in Figure 3). Recall that
credit is rationing (non-rationing) arises when the equilibrium level of R™ is less
(greater) than RI.. Moreover, when R™ = R}, b" = b" (and hence gi* = gi").
Thus, R7%. is located at point E. Obviously, under the rationing equilibrium R7, (at
point D) is less than R7:. (at point E); hence, the equilibrium of credit rationing is
viable. On the other hand, at point B where g?"‘ intersects the 45 degree line, R
is less than RI. This implies that incentive constraint will bind when R™ = Rmn» 24
Since the equilibrium of non-rationing arises when R™ > RT, credit non-rationing is
not the equilibrium in this case.

Consider the second case where the locus of g* intersects the 45 degree line
at Point A (the locus of g7* is labeled as gl in Figure 3) while the locus of g}*
still intersects the 45 degree line at Point B. Note that the critical value of R™ in this

case is located at Point C. Following the similar logic, it is clear that credit is

% Since R is less than RI% (so that type-2 agent will borrow a larger amount), the incentive
constraint becomes binding. Hence, non-rationing equilibrium cannot exist.
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non-rationing in equilibrium because the value of R™ at Point B is greater than that

at Point C.°
Note that in the first case g;f intersects the 45 degree lineata R™ (i.e., RFY
nk

that is less than the one at which g;”* intersects the 45 degree line (i.e., R7Y* of
point B). On the other hand, in the second case g} intersects the 45 degree line at a
R™ (point A) that is greater than the one at which g;‘"‘ intersects the 45 degree line
(i.e., R of point B). Note that R™" = [x~# (1 — 6)Pv]Y/(1=A) and R =

(1 - 6)Pu'~F. Asaresult, credit is rationing (non-rationing) in the first (second) case
where R > (<)RTY . In other words, if 6 > (<)0; =1 — u(%)le/ﬁvl/ﬁz, then
R > (K)RTY; and thereby credit is rationing (non-rationing).

Note that if 8 is too large so that the locus defined by g?" is like the dotted
line labeled with g‘;"‘ in Figure 3, then the locus defined by g;'k intersects the
45-degree line at R™ < R™ = x. Since the equilibrium R™ must be greater than x,
there is no equilibrium in this case. Definea 8;, 8, > 6; such that the locus

rk

defined by gi* cuts across the 45-degree line at R™ = R™ = x if 6 = 6;.°° Then,

we have the following proposition.

Proposition 4. Under tax financing, if 87 > 6 > 05, then credit is rationing in
equilibrium, if 01 > 0, then credit is non-rationing.

The intuition of this proposition is also clear. Under tax financing, the ratio of
government spending is equal to the tax rate. A higher 6 (and hence a higher 7)
leads to a lower after-tax wage rate. This will exacerbate the problem of informational
imperfection by inducing type-1 agents to mimic type-2 ones, instead of working for
the after-tax wage. As a result, the incentive constraint becomes binding and credit is
rationing.

Note that the inflation-growth relationship is linear under tax financing. To see
this, note that an increase in @ shifts both loci of g7* and g** down without
affecting the 45 degree line and rationing (non-rationing) arises for high (low) levels

of inflation rates. Thus, if the initial inflation rates are low, a further increase in 6,

% Credit rationing is not the equilibrium in this case because the value of R™ at Point A (the
rationing equilibrium) is greater than that at Point C (the critical value).
% Thatis, 8, = 1 — (x/v)'/P,
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which shifts down g;"" without influencing the 45 degree line, leads a decrease in

both g7, and R7Y, implying that there is negative correlation between inflation and
economic growth. On the other hand, if the initial inflation rates are relatively high, a
further increase in 6, which shifts down g;'k without influencing the 45 degree line,

again leads to a decrease in both g7, and R7Y". Hence, we have the following result:

Proposition 5. Regardless the initial level of the inflation rate, the
inflation-growth relationship is always negative under tax financing.

Before comparing the equilibrium economic growth, inflation, and social
welfare, it is worth noting that our model may provide theoretical explanations to
recent empirical studies on the inflation-growth correlations. Since the work of
Fischer (1993), a large body of literature [Bruno and Easterly, 1998; Ghosh and
Phillips, 1998; Khan and Senhadji, 2001; Burdekin et al., 2004] has discovered a
nonlinear correlation between inflation and economic growth. In particular, these
studies reach a consensus that an increase in the inflation unambiguously leads to a
decrease in economic growth for Aigh levels of initial inflation rates. For low levels of
initial inflation rates, an increase in the inflation rate may lead to a decrease, an
increase, or have no significant effect on economic growth.

Recall that credit rationing (non-rationing) arises for high (low) levels of initial
inflation rates. According to Propositions 3 and 5, an increase in the inflation rate
always leads to a decrease in economic growth for high levels of initial inflation rates
(i.e., under the rationing equilibrium), regardless how the government finances its
spending. However, for low levels of initial inflation rates (i.e., under the
non-rationing equilibrium), an increase in the inflation rate leads to an increase (a
decrease) under money (tax) financing. Accordingly, if we pool all countries (who
may finance their expenditure by printing money or levying tax) together, then we
may reach a conclusion that an increase in the inflation rate may lead to an increase, a
decrease, or have no significant effect on economic growth, depending on the number

of countries that utilize tax or money financing in the sample.

5 Comparison of Output Growth, Inflation, and Welfare
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Recall that, for a given 8, credit is rationing (non-rationing) if 8 > 67 (67 > 6 )
under tax financing. Similarly, under money financing credit rationing (non-rationing)
if 8> 0, (8 > 0). Tosimplify our analysis, we report the two cases:

min{fy, 0,} > 0 > max {6%,0;,} and min{6:, 65} > 6.2 The case of

min{B,, 07} > 6 > max {6;,0;,} indicates that the equilibrium displays credit
rationing no matter how the government finances its spending. Similarly, the case of
min{67, 65} > 6 implies that the equilibrium exhibits non-rationing regardless

whether the government finances its spending by money or tax financing.

5.1 Comparing Output Growth

Case 1. Credit Rationing: min{0,;, 07} > 6 > max {65,605}

We depict the loci defined by g3, gi”? and gi’* with the 45-degree line in

Figure 4. A comparison between egs. (18) and (21) reveals that for a given R™ the

locus of g}/‘ is higher than that of g;"‘, as is depicted in Figure 4. Moreover, the

locus of g,@'b is higher than that of the 45-degree line. Recall also that equilibrium

rate of growth under tax financing g, is determined by the intersection of g;'k and

the 45-degree line (Point J in Figure 4); hence,®

1-6
gh. = (T)B/(l—b’)vl/(l—ﬁ) = R, (23)

where RTY is the inverse of the equilibrium inflation rate under tax financing.

[Insert Figure 4 here]

On the other hand, gj,. is determined by the intersection of g}f and g,@"‘. To

compare g, with g}, we first substitute g%, into gl to obtain the
corresponding R™ (which is denoted as R}™ in Figure 4). Substituting this RT" into
g,f/’ (i.e., q.(17)), we derive the corresponding growth rate under eq. (17) (denoted
as g, inFigure 4). Clearly, if g, isgreater than g7, (such as point G in Figure 4),

then the loci of g,T,;b and g;;" must intersect each other at the growth rate g;,, that

is less than g7.. On the other hand, if the locus of g}/’ is like the one labeled as

" 1t is obvious that @;, may be greater or less than ;. Thus, depending on whether the spending
is financed by printing money or taxation, an economy with a given 8 may be under rationing or
non-rationing regimes. We compare the growth rate and the inflation rate for this situation in Appendix
B (not intended for publication).

% Note that the growth rate is equal to R™ under the 45-degree line. Substituting R™ = g, into
eg.(21), one can obtain g7.,.
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gm in Figure 4, then g, (whichisequal to g; in Figure 4) is less than g7.,. In this

case, it is clear that g;,, (denoted as (gj.) in Figure 4) must be greater than gr..

P i=e - 038/1-p)y1/(1-B)
g Tx — (1L - D[(1 — 0)v] /P xRl
9

[(1 _ m) Ax/[(1 — @)v]V/A-B)x=B/A=B)] — (1 — A)

<1. (24

After some manipulations, it can be found that g7./g; < 1 is always satisfied for
any 6 > 0. Hence, we conclude that g7, > g forany 6, min{fy,6,} > 6 >

max {07, 0y }. We summarize this result in the following proposition.

Proposition 6. For a given 6 where min{8y,0;} > 6 > max {0+, 0}, the

equilibrium growth rate of tax financing is greater than that of money financing.

Case 2. min{0r1,6y} > 6
Regardless of financing method, credit is non-rationing in this case. Recall that the

equilibrium growth rate in the non-rationing case is determined by the intersection of

g?'k and the 45-degree line under tax financing. This implies that the equilibrium

growth rate is located at the 45-degree line, as depicted in Figure 5.° On the other

hand, the equilibrium growth rate under money financing is determined by the

n,b

intersection between g,,~ and g,’ﬁ,’k. A comparison between egs. (20) and (22)

reveals that the locus of g,’\}"‘ is higher than that of g?"‘ for any given 6 and R™.

n,b

Moreover, for any given R™ the growth rate obtained from g,,” is always greater

n,b

than R™, implying that the locus defined by g,,” is always higher than the

45-degree line. This further implies that the growth rate under money financing (the

n,b

intersection of g,,~ and g,’\;""') is always greater than that under tax financing (the
intersection between g,’\f,'k and the 45-degree line).*® The following proposition
summarizes our result.

[Insert Figure 5 here.]

» Recall that R = (1 —0)F/@ P aBp[(1 — a)A]F~1x1=F}/ @B and Ry, = {aBp[(1 —
gAF—1x1—F}1/(2—/F). Obviously, RMcm>RT7cm as depicted in Figure 5.
° InFigure 5, g%, and g%, are the equilibrium growth rates while R7™* and R are the rates

of returns from money holdings for the case of non-rationing under income-tax and money financing.
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Proposition 7. For any given 8, min {67, 0y} > 0, the equilibrium growth rate of

money financing is greater than that of tax financing.

5.2 Comparing the Inflation Rate
Again, we compare the equilibrium inflation rate for the rationing equilibrium and
non-rationing equilibrium.
Case 1. Credit Rationing

The equilibrium R™ for tax financing is denoted as R7Y" (point J in Figure 4).
Alternatively, for given parameters, we depict two possibilities for the equilibrium
R™ under money financing: one is less than R7Y (denoted as Rjj.) and the other
one is greater than R7Y (denoted as R}, in Figure 4). Since the equilibrium R™
under money financing is determined by the intersection of g,fl"‘ and g;;b. Results of
Lemma 1 imply that the equilibrium R™ under money financing is lower than that of
tax financing if the growth rate obtained from g,@'b Is greater than that obtained from
gy¥ when R™ = RI'™ (see Figure 4).3" Substituting R7" from eq. (23) into g}
and g,rv;k , the condition that money financing leads to a lower rate of return from

money holdings can be expressed as

— —(1 = - B/(1=P),1/(1-B)
(1 9)[2/(1—[?)1]1/(1—3) Ax—(A-1D)[A—-0)/x] v
g (1 — 7= = (1 = D[(1 = )/x]/C-Fry2/A=F)
|- oyt 1
> [< " ) v1-B)Bx=Fy.

The sufficient condition for the above inequality is (1 — 8)f > (1 — %), which
always holds since (1 —6)# > (1 —6) >[1-6/(1 — o)]. Thus, we have the
following result:

Proposition 8. For any 8, min{0,,0;} > 6 > max {6;,05}, money financing

results in a higher inflation rate than tax financing.

*L In Figure 4, when R™ = R, then the growth rate derived from the locus of gl;° is greater
than that derived from the locus of g,f,,'". By contrast, when R™ = R7Y, then the growth rate derived
from the locus of g;;l{ (point X in Figure 4) is less than that derived from the locus of g;;k (point H).
In the former case, the equilibrium R™ under money financing is less than R7Y, while the reverse is
true in the latter case.
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Case 2. Non-rationing
Following the similar logic of Proposition 6, the equilibrium R™ under money
financing is less than that under tax financing if the growth rate of the locus g}\}"’
(Point V in Figure 5) is greater than that of the locus g,T\,‘,’k (Point S) when R™ =
R™™ Substituting RT¥™ into g’ and giv*, we see that the resulting growth rate of

the locus gli” is greater than that of the locus glt* if

Aal1—(1—e)%(1—1ﬁa)l

>(1- /D(aﬁp)ﬁ[(l - 9)3111‘[”]% [1 -(1- 9)%1-

1 -1
Since Assumption A2 implies that A1 > (1 — A)(aBp)*F[(1 — 6)Pu'~F]i-5, a
sufficient condition for the above inequality is (1 - %) < 1, which always holds

for 1 > 6 > 0. Hence, we have the following preposition.

Proposition 9. For any 0, min{67, 0y} > 6, the inflation rate under money
financing is greater than that under tax financing.

The intuitions of Propositions 6 and 7 are straightforward. For a given 6,
money financing requires the government to print more money (than tax financing),
regardless whether the equilibrium displays credit rationing or non-rationing. Printing
more money leads to a higher inflation so that money financing yields a higher
inflation rate than tax financing. With respect to economic growth, both money
financing and tax financing under non-rationing equilibrium alleviate the problem of
asymmetric information and hence enable type-2 agents to borrow more.*
Proposition 7 implies that the amount borrowed by a type-2 agent (i.e., b{*) under
money financing is higher than that under tax financing for a given 6, with
6 < min{67, 6,}. This leads to a higher rate of economic growth under money

financing compared with tax financing.

5.3 Comparing the Welfare

% Indeed, an increase in the inflation rate or an increase in the tax rate leads to an increase in b7
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The analysis proceeded so far indicates that g7, = R7Y" > gy. > Ry inthe
rationing equilibrium and g, > g7. = RTY* > Ryyi' in the non-rationing
equilibrium. Given these results, we now compare the welfare of type-1 and type-2
agents under tax financing and money financing.

At the initial period (t = 0), there are A type-1 old agents and each of them is
endowed with k, units of capital. These agents utilize the capital and hire young
type-1 agents to produce output, which is taxed at a rate of t (under tax financing).
As a result, the after-tax wage income for each young type-1 agentis (1 — t)w,
while the after-tax capital income for each (initial) old type-1 agentis (1 — 1)pk,.
Each young type-1 agent lends (1 — A)b,/A units to a type-2 young agent and each
type-2 agent produces abf w, units of time 1 capital. As a result, each old type-1
agentat t = 1 receives k; = (1 — A)abfk(l,_ﬁ/)l units of capital. The old type-1
agent rents this capital to firms and obtains the after-tax return given as (1 — 7)pk;.
Since the loan rate is equal to R[", it is clear that the old type-2 agentat t = 1 will
receive (1 —1)pk, — (1 — A)byRI™/A.

Denote g, aswellas R™ as the equilibrium growth rate and rate of returns from
money. Then, the above scenario implies that the welfare of type-1 agents for all

generations under the balanced growth path can be expressed as*

- 1-2)b 1-b
EntUE = n{[(1 — Dw, ¢ /1) ] +( /1) S}R™ + 02 {[(1 = Dw,
t=1

(1-MDb;, (1—=21)by
R R R

}Rln+...

=n(1 —T)WoR™ + n?(1 — )W R™ + -+
(1 - 6)(1 — 0)AR Ky

under tax financing

M= —gr.
(- ARGy . (25)
— under money financing,
(m 1— e

where 7 is the constant discounted rate for each period. We assume that g;,, i =T, M,

is less than (1)~ to ensure the boundedness of the utility. Obviously, for given

¥ We follow the standard practice by ignoring the initial old type-1 agents' utility. Note that each
agent cares only old-age consumption. As a result, the utility of the first generation (born at time 0) is
discounted at the rate n, because the government evaluates the social welfare from time 0. Note that
the population of type-1 agent is equal to A.
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parameters tax financing yields a higher (lower) welfare level for type-1 agents than
money financing if
— m m

((711)‘10—)};7:* > (<) (n)‘}fnf Iux (26)

Recall that, under the rationing equilibrium, tax financing yields a higher rate of
economic growth and a lower rate of inflation compared with money financing.
However, this does not guarantee that tax financing yields a higher level of welfare to
type-1 agents than money financing, as the tax rate (which is equal to 6) appears in
the welfare function under tax financing. Note that ()™ — g%, < (7)™ — gk
Hence, if (1 —6)RTY > Ry}l (asufficient condition) for a given 6 in the rationing
equilibrium, we can be sure that tax financing yields a higher level of welfare to
type-1 agents than money financing. To compare (1 — @)RTY with Ry}, we depict
Figure 6.

[Insert Figure 6 here]

Recall that R}Y is determined by g?" and the 45 degree line (hence,
R =[x~ (1 — 6)Pv]/(O=F)). Then, multiplying R™" with (1 —8) and
substituting it into g,f,;"" (point Z in Figure 6) and g,f,,'b (point U in Figure 6), Lemma

1 implies that (1 — @)RTY is greater than Ry if the resulting g,f,;b is greater than

guk:ie,
_ _ _ mr
(1 - 6)R™" Az (1-2)(1—6)RF
g _ (1-125) - @ - D - O)RE .
g;é" [(1—60)RTV v x—F

Ry =(1-0)RTY

After some manipulations, the above equation reduces to .
Ax — (1 =211 - 0)RFYT S 1

9 _
(1-1=)m-a-na-erg *17°

or

AX—2 > (1= 2)(1— @R,
1—-o0
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which always holds for 8 > 0. Hence, under the rationing equilibrium tax financing
yields a higher level of welfare to type-1 agents than money financing. Note that this
result confirms that (1 — 8)R7Y > Rjj1.

In the case of the non-rationing equilibrium, recall that gy, > g7. = RT%* >
Ry, From this, we cannot directly infer the relative merits of government financing
from the perspective of type-1 agents’ welfare. Nevertheless, we can derive a
condition showing that money financing may be better than tax financing under the
non-rationing equilibrium. To see this, eq. (26) leads to the following sufficient
condition under which money financing yields a higher level of welfare for type-1
agents:*

mn mn
RM* T*

> :
Mt —gu. M —gr.
Rewrite the above equation as
Rﬁn ¥ln
n > n’
1-n9m. 1-—ngr.

which, after some manipulations, is equivalent to

R
__ R _ @7)
n > = N1xe
g, — Ry —

Since gp. > gr. = RT™ > RyT, nl < 1. Eq. (27) is quite intuitive. From egs. (25)
and (26), the importance of economic growth in affecting the welfare of type-1 agents
depends positively on the discount rate. In other words, if the discount rate is not too
small, economic growth is more important on the welfare compared with the rate of
returns from money. Since gy. > g7. = RTZ* > Ry, it is then clear that if the
discount rate is not too small, money financing yields a higher level of welfare for

type-1 agents.

The welfare of type-2 agents for all generations is given by®

.. - .. RTY 1-0)RTL
%This is a sufficient condition because — ¢ _1) L
m~t=gr«  (M~'-gr~

% Note that k and w (as well as y) in all periods are in terms of per type-l agent. As a result, the utility of all
type-2 agents (total population is equal to 1 — A) is also expressed in terms of per type-1 agent, implying that the
total utility of all type-2 agents should be divided by A.
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(1-2)
7 ZntUE
t=1

(1-2)

=— {nl[abfké_ﬁ(l —T7)p — bORZf”]

+n2|abf ki (1 = 1)p — by RI| + - (28)

where b, isequal to b] (b{*) under the rationing (non-rationing) equilibrium. From

eq. (11), the above equation can be rewritten as
CERAN
7 Z n‘Uz
t=1

={n* lkog* (1-1)p-—

1-2
A
1-2

A

bOR,znl

+1n? lk1g* (1-1p- b1R1nl +

where k;., = g. k; has been substituted. Under the rationing equilibrium,

b, =b"=1-1)(1 —0)Ak:R" /x and g, = gI. Then, the above equation
becomes

1-Dw
( - )ZﬂtUtz
k 1-D)(A-0)(1-14
= (n)—10_ gr {g* 1-7p - ( - ) ( O')J(C T) (R::’”')Z}
ko(1— 6 1-2)(1-0)A
— J (n())gl _g;* {g?{‘*p _( A )( xo-) (R’?:‘r)z} tax financing
ke [, A-DA-0A ., .
L(U)_l — Iy« GuP 1 x (Ry) money financing,

Since gr. = R7Y > gy > Rpj. under the rationing equilibrium, tax financing

yields a higher level of welfare to type-2 agents if

G ) (L=D A=A o

() — g A= ORFT RGP~ T % 29

M —gh. Ry AN =4 o (29)
p— 1 X RT*
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Recall also that (1 — @)RTY > Ry}l under the rationing equilibrium. Thus, a
sufficient condition that leads to a better tax financing than money financing (from the

perspective of type-2 agents’ welfare) is given as

Im- _ 1-2)A-0)A Rmr
M- g RETP ™2 x M
- — g A-DA-0)4 )
P—77 X Rr.

Note that w > 1, since g7, = RTY > gu. > Ryy. . After some manipulations, the

above equation implies that
w—-1 _
" Go—gy
Note that n}, < 1. Thus, if the discount rate is not too small, tax financing under the
rationing equilibrium yields a higher level of welfare for type-2 agents than money
financing.

Substituting b{* into eq. (26), we have

a _A) nt-1y2 = A —F g pmnits Ko
Z wp = o () a - o T S
|{<P(1 - Q)ﬁ(Rﬁn)%L tax financing
4 M~ - gr.
Rm")—%L money financin
L o Y g

The above equation shows that the welfare of type-2 agents is increasing in economic
growth and decreasing in the rate of returns from money. Recall that gy, >
gt = RTY* > Ry under the non-rationing equilibrium. Thus, in the non-rationing
equilibrium money financing always leads to a higher level of welfare for type-2
agents than tax financing. We summarize our analysis in the following proposition:
The social welfare function for the economy as a whole is the summation of the
welfare functions of type-1 and type-2 agents. By assuming that n > min {ni.,n%.},
we have the following result:
Proposition 10. Under the rationing equilibrium, tax financing yields a higher level
of the social welfare than money financing. On the contrary, under the non-rationing
equilibrium money financing yield a higher level of the social welfare than tax

financing.
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It is interesting to note that economists are not always agreed with the effect of
money and tax financing. McKinnon (1991) asserts that money financing usually
leads to higher inflation and lower economic growth. Palivos and Yip (1995),
however, find that money financing does yield a higher inflation rate, but it also leads
to a higher growth rate than tax financing. Interestingly, our model contribute to this
debate by showing that asymmetric information may play an important role in
determining the relative merits of government financing.

In terms of social welfare, there is controversy in the recent literature. While
money financing leads to both higher inflation and economic growth, Palivos and Yip
(1995) find that money financing is better than tax financing in terms of social welfare
if the fraction of liquidity constrained investment purchases is relatively large. On the
other hand, Gokan (2002) suggests that taxation is more desirable than seigniorage for
the government to finance its expenditure. Our model concludes that which case is
true depends on whether or not credit is rationing.

It is also worth noting that our results on the social welfare may provide an
explanation to Mankiw's (1987) hypothesis of optimal seigniorage, which asserts that
tax and inflation rates should co-vary positively. As is shown, the presence of
asymmetric information in this model gives rise to credit rationing (non-rationing)
when the inflation rate is relatively high (low), and tax financing is better (worse) than
money financing if credit is rationing (non-rationing). This implies that the
government should utilize taxation (i.e., raise the tax rate) when the inflation rate is
relatively high. Therefore, we can observe a positive correlation between inflation and

tax rates.

6 Conclusion

This paper incorporates asymmetric information into a simple model of endogenous
growth to assess the relative merits of money and tax financing. As is well known, the
presence of asymmetric information gives rise to the possibility of credit rationing. It
is then found that whether or not credit is rationing plays a significant role in

determining the relative merits of money and tax financing.
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Results demonstrate that money financing leads to higher inflation for the cases
of credit rationing and non-rationing; nevertheless, the growth rate is higher under
money (tax) financing if credit is non-rationing (rationing). In terms of social welfare,
money (tax) financing is superior to tax (money financing) when credit is
non-rationing (rationing). These results reconcile the pre-existing literature as some
studies suggest the government financing its expenditure via seigniorage while others
via taxation. Moreover, our model may provide theoretical explanations to the
nonlinear correlation between inflation and economic growth as well as a positive

correlation between inflation and tax rates.
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Originally, we intend to compare the relative merits of government expenditure
financing under financial markets with banking and stocking systems, respectively.
Nonetheless, 1t turns out that results are not so interesting, compared with recent
empirical studies. We then turn our attention to compare relative merits of
financing with the presence of asymmetric information. We find that asymmetric
information plays an important role in determining the relatie merits of government
expenditure financing. Our model contributes to the debate on the relative merits
of government financing in the literature. Moreover, our results reconcile the
pre-existing literature and are consistent with some empirical evidence. The paper

should be able to be published by a journal with good quality.




