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Abstract

The purpose of this paper is to provide a concise theoretical and mathematical foundation for
the major parts of the debate in the recently discussed school of economics called Modern
Monetary Theory (MMT), while maintaining the basics of the neoclassical microeconomic
framework, such as utility maximization of consumers using budget constraints and utility
functions, and equilibrium of demand and supply of goods under perfect competition with
constant returns to scale technology. By a two-periods overlapping generations (OLG) model
in which the economy grows by technological progress, we will show that: 1) We need a
budget deficit to achieve full employment with constant price when the economy grows by
technological progress. This budget deficit should not be offset by future surplus; 2) A budget
deficit that exceeds the level necessary to maintain full employment in a growing economy
with constant price will cause inflation. A stable budget deficit is required to prevent further
inflation; 3) A budget deficit that is insufficient to maintain full employment will cause a
recession with involuntary unemployment. A budget deficit larger than the one necessary and
sufficient to maintain full employment without a recession can overcome a recession caused
by insufficient budget deficit and restore full employment. The deficit created to overcome
the recession should not be offset by subsequent surpluses, since full employment can then be
maintained through constant budget deficits.
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1. Introduction

For example, Japan's outstanding government debt exceeds 1,100 trillion yen, and it is said to
be in a critical situation. On the other hand, there are those who believe that there is no
problem in accumulating budget deficits as long as they are not debts to foreign countries and
that fiscal policy should be evaluated only in terms of its effectiveness in preventing inflation
and achieving full employment and stable economic growth. One such theory is the so-called
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Functional Finance Theory of Lerner (1943, 1944), a famous economist.

In recent years, MMT (Modern Monetary Theory, Wray (2015), Mitchell, Wray and Watts
(2019), Kelton (2020)), which has become popular in the U.S. and also in Japan, is a typical
example. The MMT proponents themselves admit that Lerner's theory is the source of their
thinking. However, it is often pointed out that in contrast to mainstream economics, which is
based on the neoclassical framework, MMT does not often use mathematical and theoretical
models for analysis™.

In this paper, while maintaining the basics of the neoclassical microeconomic framework,
such as utility maximization of consumers through utility functions and budget constraints,
and equilibrium of supply and demand of goods under perfect competition with constant
returns to scale technology, the idea of the effect of fiscal policy, which is the backbone of
functional finance theory and MMT discussions, is actively discussed using a very simple
mathematical model.

We will prove the following.

1) We need a budget deficit to achieve full employment with constant price when the
economy grows by technological progress. The budget deficit provides the increase in the
savings by consumers. Because we need budget deficit for economic growth, this budget
deficit should not be offset by future surplus. (Section 2)

2) A budget deficit that exceeds the level necessary to maintain full employment in a growing
economy with constant price will cause inflation. A stable budget deficit is required to
prevent further inflation. (Section 3)

3) A budget deficit that is insufficient to maintain full employment will cause a recession with
involuntary unemployment. (Section 4)

A budget deficit larger than the one necessary and sufficient to maintain full employment
without a recession can overcome a recession caused by insufficient budget deficit and
restore full employment.

The deficit created to overcome the recession should not be offset by subsequent surpluses,
since full employment can then be maintained through constant budget deficits.

We consider restoration of full employment by fiscal spending (Section 5) and tax reduction
(Section 6 and 7).

Fiscal spending has a role to increase the demand for goods, on the other hand taxes reduce
the demand for goods by reducing people's disposable income. A balance between fiscal
spending and taxes is important to achieve full employment with stable growth while
preventing inflation.

! Other references are Mochizuki (2020), Morinaga (2020) and Park (2020). These are introductory texts of
MMT written in Japanese.
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2. Economic Growth and Budget Deficit

We use a two-periods overlapping generations (OLG) model which is a simplified version of
the model used by Otaki (2007, 2009, 2015). We assume that the good is produced under
perfect competition although Otaki considered monopolistic competition. Consumers live
over two-periods, the younger period and the older period. They work only in the younger
period. In the older period they consume the good by their savings carried over from their
younger period. The ratio of consumption of the consumers in the younger period is «, and

that in the older period is 1 — a. We assume §< a < 1. a is the marginal propensity to

consume. These values are obtained by utility maximization of consumers by the
Cobb-Douglas utility function about consumptions in the younger period and the older
period.

There is one good produced under perfect competition with constant returns to scale
technology. The labor productivity and the nominal wage rate in a period (Period 1) is one.
The economy grows by technological progress. The labor productivity increases at the rate
y —1 > 0 from period to period. The nominal wage rate also increases at the rate y — 1
with constant price. We suppose full employment in this section. Let ¢ and T be the
government expenditure (or the fiscal spending) and the tax in Period 1. L, is the labor

supply, or employment in a full employment state. The savings of the younger generation
consumers in Period 1 is

(1—a)(Ls = T).

This is equal to the consumption of the older generation consumers in Period 2. The
government expenditure and the tax in Period 2 are yG and yT. The consumption of the
younger generation consumers in Period 2 is

ay(Ly = T).
The total supply in Period 2 is
YLs.
The total demand is
ay(Ly = T) + (1 — a)(Ly — T) + 7G.
From the equilibrium between the total supply and the total demand, we get
vl =ay(Ly —T)+ (1 —a)(Ls — T) + yG. 1)

Then,

Y@ -T)=yA-a)(Ly=T) - A=)y =T) = (y - DA = a)(Ls = T). )

This implies
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budget deficit = savings by the younger generation consumers
— savings by the older generation consumers.
If y =1, budget deficit = 0.
If savings earn interest at the rate r, and the government pays it, then (1) is
Ylr=ay(Ly —T)+ (A1 —a)(1+1)(Lf—T) + G,
and we have
yG-T+A-a)r(L;—T)=yA—-a)(L; —T)— (1 —a)(L; —T)
=@ -DA-a)Ls—T).
This means

budget deficit including payment of interest
= savings by the younger generation consumers

— savings by the older generation consumers.
Summarizing the results, we obtain

Proposition 1 We need a budget deficit to achieve full employment with constant price when
the economy grows by technological progress.

The budget deficit provides the increase in the savings by consumers. Because we need
budget deficit for economic growth, this budget deficit should not be offset by future surplus.

3. Inflation by Excess Budget Deficit

Let p be the price and the nominal wage rate in Period 2, the government expenditure be {G.
We assume that the nominal value of the tax is yT. The nominal total supply in Period 2 is

pyLs.
The nominal total demand is
ay(pLy = T) + (1 —a)(Ly — T) + {G.
From the equilibrium between them, we obtain
pyLs = ay(ply =T) + (1 —a)(Ly = T) + 4G,
and then
(G—yT=Q0-ay@L —T) - A=)y =T).

Comparing this with (2),

(GG =yT)—y(G-T)=A-a)y(pLy = T) —y(Ly = )] @)

This is rewritten as
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C-vG=Q0-a)(p— Dyl

When ((G —yT)—y(G—T) = ({ —y)G > 0, we have p > 1. Summarizing the results in
the following proposition,

Proposition 2 A budget deficit (given tax?) that exceeds the level necessary to maintain full
employment in a growing economy with constant price will cause inflation.

4. Recession and Involuntary Unemployment by Insufficient Budget Deficit

Let L be the employment in Period 2. Assume that the government expenditure is (G, the
taxis yT,and p = 1. The nominal total supply in Period 2 is

yL.
The nominal total demand is
ay(L—T)+ (1 —a)(Ls —T) + {G.
From the equilibrium between them, we obtain
YL=ay(L—T)+ (1 —a)(L; —T) + G,
and then
G—yT=A-ayL-T)-A—-a)Ls—T).
Comparing this with (2),
Ce=yD)=y(G-T)=A-a)[y(L-T) =y =T)] = A = a)y(L — Lp).

When ({G—yT)—y(G—-T)<O0, L<L is derived. Then, there is involuntary
unemployment®. Summarizing the results, we obtain

Proposition 3 A budget deficit (given tax*) that is insufficient to maintain full employment
will cause a recession with involuntary unemployment.

5. Recovery from Recession by the Government Expenditure

We will recover full employment in Period 3. Suppose that the taxes in Period 2 and 3 are yT
and y2T. The total supply is

ysz

2 A change in fiscal spending and that in tax have different effects on the national income. An increase in fiscal
spending and tax while keeping the budget deficit constant will lead to inflation, while a decrease in fiscal
spending and tax while keeping the budget deficit constant will lead to a recession. It is because the multiplier of
a change in tax is smaller than that of a change in fiscal spending. On the other hand, a change in tax has an
effect on consumption of the older generation consumers in the next period. The analyses in Section 6 and 7 are
related to this point.

® About involuntary unemployment please see Hattori and Tanaka (2020).

* Please see footnote 2.
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A=y -=T).
The consumption of the younger generation consumers is
ay?(Ly —T).
Let {G be the government expenditure. The total demand is
ay?(Ly —T)+ (1 — a)y(L — T) + {G.
Note that L is employment in Period 2.
From the equilibrium between the total supply and the total demand, we have
Y2l = ay*(Ls —T)+ (1 — )y(L — T) + {G. (5)

On the other hand, if there is no recession, in Period 3 (1) means

Y2l = ay?*(Ls —T) + (1 — )y (Ls — T) + ¥2G. (6)
By (5) and (6),

{6 —y*G =1 -a)y(ly —L). ()

When L < L¢, we have ¢ > y?. Therefore, a larger budget deficit is required than would be

required to maintain full employment in the absence of a recession. We summarize the results
in the following proposition.

Proposition 4 A budget deficit larger than the one necessary and sufficient to maintain full
employment without a recession can overcome a recession caused by insufficient budget
deficit and restore full employment.

The deficit created to overcome the recession should not be offset by subsequent surpluses,
since full employment can then be maintained through constant budget deficits.

6. Recovery from Recession by the Tax Reduction

Again we will recover full employment in Period 3. Suppose that the government
expenditures in Period 2 and 3 are ¥G and y2G.

The total supply is
Y2Ls.
The consumption (or the savings) of the older generation consumers is
A-a)y(L-T).

Let nT be the tax in Period 3. Then, the consumption of the younger generation consumers
is

a(y?Ly —nT).
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The total demand is
a(y?Ly —nT) + (1 — )y (L — T) + y2G.
Note that L is employment in Period 2.
From the equilibrium between the total supply and the total demand, we have
Y2l = a(y?Ls —nT) + (1 — )y(L — T) + ¥2G. (8)
Again if there is no recession, (6) holds in Period 3. By (6) and (8),

a(y? —mT =1 -a)y(Ly — L). )
When L < L¢, we get n < y2.

7. Complexity of Tax Reduction Policy

Suppose that there were recession and involuntary unemployment in Period 2, and we have
recovered full employment in Period 3 by tax reduction policy. In the next Period 4 the
consumption of the older generation consumers is

(1 - a)y?Ly —nT).

Let ¥3G and n,T be the government expenditure and the tax in this period. The
consumption of the younger generation consumers is

a(y®Ly = n,T).
The total demand is
a(y3Ly —n.T) + (1 — &) (¥2Ls — nT) + ¥3G.
The total supply is
YLy

From the equilibrium between the total supply and the total demand, we have

Vil = a(y®Ly —n,T) + (1 — a)(y2Ls — 1T) + v3G. (10)
If there is no recession,

Vil =ay3(L; —T) + (1 — a)y?(L; — T) +¥3G (11)
holds. By (10) and (11),
a(m, —yHT =1 - a)(y* —mT.

When 71 < y?, we have 1, > y3. Thus, we need tax increase in Period 4.
Let the tax in Period 5 be n3T. Inductively, the following equation can be obtained.

a(m; —yHT = (1 - a)(y> —n)T.
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Let the tax in Period n + 2 be n,T. Generally, we obtain
an —y™ T = (1 - )™ = nn-1)T,

or

_ n+1T=_1—CIf _ nT
M —y™) P (Mn-1 —¥™T.

This means that (n,, —y™*1)T is a geometric progression whose common ratio is —1?7“.

Let n, = n. Each term of this geometric progression represents the difference between the
level of taxation when the tax is reduced in Period 3 as a countermeasure to a recession, and
full employment is maintained thereafter, and the level of taxation when full employment is
maintained continuously without a recession. After n = 1(Period 3) these values are
positive, negative, positive, negative, .... , and so on. The sum of the geometric progression
from 1 to n is

n

1—«a
n 1_ _
S=Z(ni—yi“)T=—( - )

i 4
i=1 1+ o

m—y)T =«

1- (— 1- a)n] (n—yT.

a

_\n
Assume %< a < 1.When n - oo, (—%) -0, and

S - a(m—yT.
From (9) this is equal to the minus of (7).

Comparing tax cuts and fiscal spending to overcome recessions, the magnitude of the first tax
cut, (n —y?)T, is larger than the additional fiscal spending represented in (7). However, the
magnitude of the sum of the first tax cut plus subsequent tax increases and decreases to
infinity is equal to the additional fiscal spending.

But, convergence does not occur unless the marginal propensity to consume « is greater
than 1/2.

We have shown the following result.

Proposition 5 We can restore full employment from a recession by tax reduction policy. The
magnitude of the first tax cut is larger than the additional fiscal spending to restore full
employment. However, the magnitude of the sum of the first tax cut plus subsequent tax
increases and decreases to infinity is equal to the additional fiscal spending.

8. Concluding Remark

By a two-periods overlapping generations (OLG) model with production of the good under
perfect competition, we have shown that excessive budget deficits lead to inflation, but
budget deficits are necessary and useful for economic growth and overcoming recessions.

Please note that fiscal spending has a role to increase the demand for goods, on the other hand
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taxes reduce the demand for goods by reducing people's disposable income. A balance

between fiscal spending and taxes is important to achieve full employment with stable growth
while preventing inflation.

We have used a simple two-periods overlapping generations model. We can generalize the
arguments in this paper by a three-periods or three generations overlapping generations
model which includes a childhood period. It is currently under study.
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