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Abstract
The IS-LM analysis, ﬁrst devised by Hicks (1937) based on his interpretation of the General
Theory by Keynes (1936), has played a central role in the history of economic thoughts.
Even today it is arguably the most popular model taught in undergraduate macroeconomics
worldwide as a comparative statics method. For example, in order to analyze the causes
of the Great Depression, Mankiw (2016) presented (1) spending hypothesis (shocks to IS
curve) as proposed by Keynes and (2) money hypothesis (shocks to LM curve) as proposed
by Friedman and Schwartz (1963), and then rejects the latter by applying them in the ISLM model. This paper presents a system dynamics model of the Keynesian short-run ISLM analysis and examine if one of the two seemingly contrasting hypotheses should really
be dismissed in favor of the other in the dynamic model. Our simulation analyses indicate
the standard short-run IS-LM model itself, which is built upon the ’exogenous money’ and
’ﬁxed price’ assumptions, among others, needs to be rejected as a reliable model of the
economy operating under the current fractional reserve banking system where money stock
is determined endogenously by total debts from banks (Yamaguchi, 2021). We then develop
an alternative endogenous money IS-LM model by relaxing the structural assumptions
and integrating the two hypotheses as a dynamic feedback process. The model, though
simple in structure, captures the unexplained behaviors of the Great Depression under
the (3) endogenous money spending hypothesis, which turns out to be consistent with
the original analysis presented by Fisher (1933, 1945) who emphasized the central role
of deposit contraction in the overall dynamics of Booms and Depressions. The revised
model, however, fails to explain the case of Japan’s lost 30 years. Our next paper (Part II)
explains the case by incorporating budget equations of domestic macroeconomic sectors. A
paradigm shift to the endogenous money analysis is emphasized throughout the research.
Keywords: money, debt, fractional reserve banking, IS-LM analysis, system dynamics
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Introduction
The Great Depression in the 1930s plunged the U.S. and the world economy into an unprecedented turmoil, causing mass unemployment and creating gaps between the rich and poor. To
overcome and prevent it from happening again, the two economists each proposed a remedy
in 1935: John M. Keynes’s General Theory (Keynes, 1936) and Irving Fisher’s 100% Money
(Fisher, 1945).1 Immediately following the publication of the General Theory, Hicks (1937)
expanded the Keynesian model to include money market. The model is now well known as ISLM analysis and taught in undergraduate macroeconomics textbooks worldwide. The Keynes’s
theory has since evolved into macroeconomics and served as the rationale of ﬁscal and monetary
policies. However, its theoretical ﬂaws have been brought to light due to the recent failures of
ﬁscal spendings and a series of quantitative easing (QE) implemented in Japan after the burst of
bubble in the 1990s. The massive deﬁcit spendings by the Japanese government have increased
its debts to an unprecedented level while the unconventional monetary policy remained largely
ineﬀective to stimulate the real economy for almost 30 years. On the other hand, Fisher’s
analysis on the causes of the Great Depression and its prescription has completely disappeared
from standard macroeconomic textbooks as if it were a taboo as this paper will highlight.
Yamaguchi and Yamaguchi (2021b, Chapter 1) estimated that the Japanese government
debt will reach 1,674 trillion yen in 2036 and its debt-to-GDP ratio will reach a level exceeding
300% (to be exact, three years’ worth of nominal GDP, calculated with GDP as of 2019). Thirty
years later, in 2050, the government debts will be at 2,193 trillion yen and its debt-to-GDP
ratio will reach 400%. They analyzed that the Japanese economy, if this situation continues,
will have to face one of three following scenarios: (1) systemic crisis (’ﬁnancial meltdown’),
(2) hyperinﬂation, and (3) the de facto default of the Japanese government on its debts. It is
inevitable that any of the above scenario will have devastating impacts on the domestic economy
and international ﬁnancial markets. Looking at other OECD countries, though the public debt
problem is not yet as severe as in Japan, economic growth has slowed down, the low interest
rate policy since the Lehman shock and the subsequent Euro crisis has been prolonging, the
aging society with low birth rates, and income disparities are widening. Even before the corona
pandemic, there was a growing concern that other OECD countries would fall and get trapped
into similar situation as in Japan in the near future – a phenomenon dubbed ’Japaniﬁcation’.
The corona virus (SARS-CoV-2) conﬁrmed in the second half of 2019 quickly spread the
world and caused demand and supply shocks. Supply chain bottlenecks and surge in energy
1 The Keynes’s General Theory was published in 1936. Its preface, however, was drafted on December 13,
1935 while Fisher’s 100% Money (ﬁrst edition) was published in 1935. Therefore the two leading economists at
the time wrote their books in the same year coincidentally.
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prices are causing inﬂation without full recoveries in the real sector. Fiscal spendings and
massive injection of central bank reserves continue to fail while increasing the government debt
further. The world economy as of 2022 is starting to look like an eve of stagﬂation and another
depression. What went wrong with the Keynesian theory? In this paper we examine the validity
and applicability of IS-LM analysis to real world cases by building the system dynamics model.

1

The Keynesian Short-Run IS-LM Analysis

The IS-LM model is introduced in many undergraduate textbooks to familiarize students with
key concepts of macroeconomics in a simple closed-economy framework. It is a comparative
static method for ﬁnding an equilibrium of interest rate and income simultaneously in the
markets of goods and services and money.2

1.1

Model Equations

Let us start with a formal presentation of the short-run IS-LM model. IS-LM stands for
Investment, Saving, demand for Liquidity and supply of Money. According to the Keynesian
theory real income Y or Gross Domestic Product (GDP) is determined by the aggregate demand
in the short-run. That is, a simple Keynesian short-run model is described as follows:
Y
AD

= AD

(Aggregate Demand Equilibrium)

(1)

= C +I +G

(Aggregate Demand)

(2)

C

= C0 + cYd

(Consumption Decisions)

(3)

Yd

= Y −T

(Disposable Income)

(4)

T
I
G
Ms
V
P
Ld

= T0 + tY − Tr (Tax Revenues)
I0
=
− αi
(Investment Decisions)
i
= Ḡ
(Government Expenditures)
d

(5)
(6)
(7)

= L

(Equilibrium of Money)

(8)

= aY − bi

(Demand for Money)

(9)

This short-run IS-LM model consists of 9 equations with 9 unknowns;
Y, AD, C, I, G, Yd , T, i, Ld (Ld stands for liquidity demand)
with 13 exogenously determined parameters
C0 , c, T0 , t, Tr , I0 , Ḡ, M s , P, V, α, a, b.
Equations (1), (2), (3) and (7) are standard formulation. In this IS-LM model, all variables
are expressed in real units (e.g. DollarReal) except for money stock M s , which has a nominal
unit (Dollar). Note that capital accumulation ( dK
dt ) is excluded from this short-run IS-LM
model. Accordingly, the capital depreciation (δK) is also removed from the equation (4).
Government taxes are assumed to be consisting of three parts in equation (5): lump-sum
taxes such as property taxes (T0 ), income taxes that are proportionately determined by the
2 This

section 1 is excerpted from Yamaguchi (2013, Chapter 9).
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income level where t is an income tax rate, and government transfers such as subsidies (Tr ).
Hence we have a tax revenues equation (5). Investment is here assumed to be determined by
interest rate i in equation (6) in which α is an interest sensitivity of investment. Thus, interest
rate i becomes an unknown variable in the model. These equations (1) ∼ (7) complete the IS
side of the short-run IS-LM model.
We have added a new unknown variable of the interest rate to the model. Hence an additional equation is needed to make it complete, which leads us to the construction of LM side of
the short-run IS-LM model. According to the standard textbooks, it should be an equilibrium
condition in the money market such that real money stock used in, say, a year, is equal to the
demand for money Ld as shown in equation (8) where V is velocity of money having a unit
1/year, and P is a price level. It should be noted here that P is treated as a ﬁxed exogenous
parameter. Finally, the demand for money deﬁned in equation (9) consists of two parts: transactional demand for money aY where a is a fraction of income, and speculative demand for
money bi where b is an interest sensitivity of demand for money. This completes the LM side.

1.2

Simple IS-LM Equilibrium As Comparative Statics

For the purpose of manual analysis of the short-run IS-LM model described above, the investment decisions of the equation (6) is simpliﬁed in many textbooks as follows:
I = I0 − αi

(Simple Investment Decisions)

(10)

Then, from the equilibrium condition in the goods market, a relation between GDP and
interest rate, which is called IS curve, is derived as follows:
Y =

C0 + I0 + G + c(Tr − T0 )
α
−
i
1 − c(1 − t)
1 − c(1 − t)

(11)

On the other hand, from the equilibrium condition in the money market, a relation between
GDP and interest rate, called LM curve, is derived as follows:
1 Ms
b
V + i
(12)
a P
a
Equilibrium GDP and interest rate (Y ∗ , i∗ ) are now completely determined by the IS and
LM curves. For instance, the aggregate demand equilibrium of GDP is obtained as
Y =

Y∗ =

C0 + I0 + G + c(Tr − T0 )
α/b
Ms
+
V
1 − c(1 − t) + α(a/b)
1 − c(1 − t) + α(a/b) P

(13)

This is a standard Keynesian process of determining an aggregate demand equilibrium of
GDP in the short run where price is assumed to be ﬁxed. Figure 1 below (next page) illustrates
how IS and LM curves determine the equilibrium GDP and interest rate (Y ∗ , i∗ ). The interest
rate and income are taken on the vertical and horizontal axes respectively, and the intersection
of the IS and LM curves is obtained as the equilibrium point. Then the eﬀect of ﬁscal and
monetary policies are analyzed based on this theoretical framework. When C0 , I0 , G increase
or decrease, the IS curve shifts to the right or left, while LM curve shifts towards the right or
s
left when money stock M s or real money stock MP increases or decreases. As a result, we can
easily predict a movement of new equilibrium GDP and interest rate (Y ∗ , i∗ ). This analytical
method has been dominant in introductory and intermediate macroeconomic textbooks as the
comparative statics.
As discussed in most textbooks well, GDP thus determined needs not to be equal to the full
capacity output, Yf ull . The Keynesian model only speciﬁes GDP as determined by the level of
5

Figure 1: IS-LM Determination of GDP and Interest Rate
aggregate demand. This is why it is called aggregate demand equilibrium of GDP. To realize a
full capacity equilibrium, that is Y ∗ = Yf ull , price needs to be ﬂexibly changed in the long run.
The Keynesian model we presented above, however, lacks this type of price ﬂexibility.3

2

A System Dynamics Model of the Short-Run IS-LM

Whenever the investment decisions in equation (6) is restored again, we can no longer apply the
above simple determination process of GDP by comparative static analysis. To fully analyze
the short-run IS-LM model, therefore, we need to construct a dynamic model of aggregate
demand equilibria based on IS-LM curves.

2.1

Dynamic IS Sub-Model

The above Keynesian adjustment process is very mechanistic and does not reﬂect how actual
production decisions are made. More realistic decision-making process of production is to
introduce an inventory adjustment management. In reality a discrepancy between production
and shipment (or aggregate demand) is adjusted ﬁrst of all as a change in inventory stock. Thus
3 Note

that we employ the term ’short-run’ to indicate that the model lacks a dynamics around capital
formation. When capital accumulation is considered, the Keynesian models need to be revised as follows (where
δ denotes a depreciation rate):
Yd
dK
dt

=

Y − T − δK

=

I − δK

Most textbooks explain that economists use diﬀerent models for ’short-run’ and ’long-run’ analysis where price
P is assumed to be ﬁxed in the former. See Mankiw (2016), for instance. Such dichotomic reasoning is redundant
and inappropriate in system dynamics (SD) modeling as we integrate price rigidity and ﬂexibility as varying
degrees of assumption on the price elasticity within a single model. This is one of examples of the ﬂexibility
in SD-based approaches. In section 3.4 we will extend the model to allow price to be ﬂexible in response to
changes in inventory. Yet, the ﬂexible price model is called the short-run IS-LM model under our terminology.
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the introduction of inventory as a stock is essential. Accordingly our System Dynamics (SD)
modeling of Keynesian macroeconomic system begins with introducing an inventory stock. IS
sub-model of the SD IS-LM model is already constructed as ”Keynesian Adjustment SD Model
with Inventory [Companion model: 2 Keynesian(SD).vpmx] in Yamaguchi (2013, Chapter 9).
For reference, Figure 2 below illustrates the IS sub-model of SD version of the IS-LM model,
with new investment and production decisions described above.
Initial Lump-sum Tax
Change in Lump-sum Tax
Lump-sum Tax
Time of Tax Policy
Government Transfers
Initial Income Tax Rate

Income (-1)

Growth Rate

Tax

<Change in
Growth Rate>

Tax Change
Period

Income Tax Rate

Income

Change in Income Tax Rate
Initial MPC

+

+

+

Marginal Propensity to
Consumer

Disposable Income

Time to Change MPC

Initial Basic Consumption
Inventory

Change in Basic Consumption
Shipment

Production

+ +
+

+
Inventory
Adjustment Time

Basic Consumption
+

Consumption

Initial Investment

Desired Inventory
unit conversion
Basic Investment
+

+

Adjustment for
Inventory

Time to Change Consumption

+

+

+

Change in Investment
Time to Change Investment

Investment
Interest Sensitivity of Investment
<Interest Rate>

Desired Production

Aggregate Demand

+

Initial Government Expenditure

+
Government
Expenditure

+
Aggregate Demand
Forecasting

+

Change in Government Expenditure

+
Time of Fiscal Policy

Change in AD
Forecasting
Initial Aggregate Demand
Forecasting

+
Forecasting
Adjustment Time

Figure 2: Aggregate Demand Adjustment with Inventory – IS Sub-model
Our dynamic IS sub-model incorporates such Keynesian process, in which an aggregate
demand forecasting mechanism is additionally introduced without changing the essential mechanism of Keynesian adjustment process. A box in the ﬁgure indicates a stock variable in SD
whereas double-line arrows pointing into and out from the stock indicate in- and out-ﬂows. A
single line arrow indicates instantaneous relationship between variables and parameters.

2.2

Dynamic LM Sub-Model

Interest Adjustment Process
Next, we need to build the LM sub-model of the SD version of the short-run IS-LM model. For
this purpose, the equilibrium condition in the money market (equation 8) needs to be replaced
with a dynamic adjustment process of interest rate as a function of excess demand for money
such that:
(
)
di
Ms
= Φ (aY − bi) −
V
(14)
dt
P
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Applying the general formulation of adjustment processes described in Yamaguchi (2013, Chapter 2, Section 4), the adjustment process of interest rate is further speciﬁed as
i∗ − i
di
=
dt
Delay Time

(15)

where i∗ denotes desired interest rate. Desired interest rate i∗ is obtained as
i∗ = ( M s
P

i
)e
V /(aY − bi)

(16)

where e denotes a money ratio elasticity of desired interest rate. Figure 3 below illustrates the
LM sub-model of the adjustment process of interest rate. Since price is assumed to be ﬁxed,
there should be no price adjustment process incorporated into our model at this point. Yet
Figure 3 additionally illustrates a price adjustment process for the uses in later sections.

Figure 3: Interest Rate and Price Adjustment Processes – LM Sub-model

2.3

The Standard IS-LM Analysis of Recessions

Using the dynamic model thus developed, let us next see how the short-run IS-LM model can
demonstrate the macroeconomic eﬀects of monetary and ﬁscal policies as described in textbooks.
8

Economic recessions can be described as the decrease in income or GDP. One of the beneﬁts
of using the IS-LM framework in macroeconomic analysis is that we can visualize recessions as
shifts in IS or LM curve. In other words, causes of recessions can be explained by the shifts
in the IS curve and LM curves. If we can identify the causes of recessions in this way, we can
then apply policies at our hands in a reverse way to recover from recessions.
Recessions caused by Shifts in IS Curve
Both diagrams in Figure 4 are phase diagrams consisting of interest rate taken on the vertical
axis and income on the horizontal axis. First of all, the model is in the equilibrium as shown
by the point A in the left diagram. Then recessions caused by decreases in aggregate demand
such as investment and consumption can be illustrated by the leftward shift in the IS curve.
In the left diagram, IS curve illustrated by a dotted black line is shown to shift leftwards as
the original equilibrium point A moves to a new point at B, which is caused by the decrease
in investment by ∆I = −20 at t = 8. In our dynamic IS-LM model, this is implemented by
decreasing the basic investment (I0 ) using a STEP function. That is, the level of investment
decline by 20 from t = 8 until the end of the simulation. As Figure 4 compares diﬀerent
simulations on the phase diagram, this shift in the IS curve is captured as a trajectory shown
by a red line (point A → B).
Now let us further assume that consumption has declined by ∆C = −20 at t = 24 by
similarly decreasing the basic consumption (C0 ). Then the IS curve is moved further towards
the left. As a result, the second equilibrium point B moves to a new point C as captured by
the green trajectory line (point B → C) . We can observe that the equilibrium level of income
as well as interest rate decline. If the economy experiences these types of recessions caused by
compound decreases in the aggregate demand of the real sectors, IS-LM model tells us that we
can not only restore the equilibrium easily, but also grow the economy further to the point F by
increasing the government expenditure by ∆G = 40 at t = 35. The eﬀects of such government
spendings are shown by the gray trajectory line from the previous point C to point F (point
C → F). Notice how these shifts occur along the linear LM curve (a thick black line drawn
manually) since changes in aggregate demand do not aﬀect the LM curve. This policy is known
as the ﬁscal policy through government expenditure in standard macroeconomic textbooks.

Figure 4: The Standard IS-LM Analyses of Fiscal (left) & Monetary Policy Eﬀects (right)
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Recessions caused by Shifts in LM Curve
Recessions caused by the decrease in money stock can be illustrated by leftward shifts of LM
curve. For our purposes, we do not question how such reductions in money stock are brought
about at this stage. In the right diagram of Figure 4, LM curve illustrated by a dotted black
line is shown to shift towards the left as the original equilibrium point A move to a new point
at D. In our dynamic IS-LM model, this shift in the LM curve caused by the decrease in money
stock by ∆M s = −20 at t = 8 is captured by the red trajectory line. It can be observed that
equilibrium level of income declines and interest rate rises as a result. If recessions are caused by
reductions of money stock, the IS-LM model teaches us we can not only restore the equilibrium
easily, but also grow the economy further to the new point M by increasing money stock by
∆M s = 30 at t = 20 as shown by the green trajectory line (point D → M). Notice how these
shifts occur along the gentle hyperbolic IS curve (a thick black curve), which is produced by
investment decisions in equation (6). This is the monetary policy under the IS-LM framework.
With the introduction of the IS-LM model, recessions are analyzed as the shifts of IS and
LM curves toward left while recoveries are analyzed as the rightward shifts of IS and LM
curves. Figure 4 illustrates these standard textbook explanations of IS-LM analysis as a phase
diagram of income and interest rate in a system dynamics model. By combining the shocks to
aggregate demand and money stock, we can describe many possible combinations of recessions.
Furthermore the model indicates that we can attain recoveries from wherever recessions end by
mixing ﬁscal and monetary policies (policy mix). Macroeconomics textbooks are full of these
exercises and we have been taught in classes, for over 80 years since Hicks (1937) ﬁrst introduced
the framework, that economies are now under the control of policy makers. Indeed our short-run
IS-LM model seems to support the eﬀectiveness of such macroeconomic ’ﬁne-tunings’.

3

The IS-LM Case Analysis of the Great Depression

Convinced by the analytical capabilities of IS-LM model, Professor Nicholas Gregory Mankiw
at Harvard University (the title will be omitted hereafter) attempted to explain the causes of
the Great Depression in his popular macroeconomics textbook used worldwide. Speciﬁcally
Mankiw (2016, p.351) expresses that ”[t]he Great Depression provides an extended case study
to show how economists use the IS-LM model to analyze economic ﬂuctuations”. Let us next
examine how the standard IS-LM analysis is applied to study the case of the Great Depression.

3.1

Spending Hypothesis vs Money Hypothesis

As discussed above, there are only two causes that trigger recessions in the IS-LM model;
decreases in the aggregate demand causing leftwards shift of IS curve, and decreases in the
money stock causing leftwards shift of LM curve. Mankiw (2016, Chapter 12) called the
former spending hypothesis and the latter money hypothesis. The original proponent of the
spending hypothesis was John M. Keynes. In essence Keynes (1936) analyzed that undercapacity (investment) and under-consumption in real sectors are the main causes of the Great
Depression, and suggested the adjustment of aggregate demand through ﬁscal and monetary
policies as a way out of the recession. In the context of the IS-LM framework, the policies should
be aimed at economic stimulus through government expenditures and restoring investments by
lowering the costs of borrowing, i.e. interest rates.
On the other hand, Mankiw (2016) argues that money hypothesis ”places primary blame
for the Depression on the Fed for allowing the money supply to fall by such a large amount
(p.353)”. He then continues to explain as follows:

10

The best-known advocates of this interpretation are Milton Friedman and Anna
Schwartz, who defended it in their treatise on U.S. monetary history. Friedman and
Schwartz argue that contractions in the money supply have caused most economic
downturns and that the Great Depression is a dramatic example (p.353).
In order to examine which of the two seemingly contrasting hypotheses is the plausible
causes of the Depression using the IS-LM model, Mankiw arranged time-series starting from
1929 until 1940. Figure 5 below reproduces all data presented in the original Table 12-1 in
Mankiw (2016, pp.352-353). Here we can easily observe that the IS-related variables such as

Figure 5: Key Macroeconomic Variables during the Great Depression (1929–1940) in Table
real GNP, consumption and investment all fell during the initial period between 1929-1933,
while the LM-related variables such as nominal interest rate, money supply and price level also
fell during the same period except real money balances, which rose slightly and then ﬂuctuated.
Figure 19 in Appendix 1 plots the same time-series in graphs.
Mankiw then examined both spending and money hypotheses by shifting IS and LM curves
to the left, and then rejects the money hypothesis as the cause of the Depression as follows:
Using the IS-LM model, we might interpret the money hypothesis as explaining
the Depression by a contractionary shift in the LM curve. Seen in this way, however,
the money hypothesis runs into two problems.
The ﬁrst problem is the behavior of real money balances. Monetary policy leads
to a contractionary shift in the LM curve only if real money balances fall. Yet from
1929 to 1931 real money balances rose slightly because the fall in the money
supply was accompanied by an even greater fall in the price level. Although the
monetary contraction may have been responsible for the rise in unemployment from
1931 to 1933, when real money balances did fall, it cannot easily explain the initial
downturn from 1929 to 1931.
The second problem for the money hypothesis is the behavior of interest rates.
If a contractionary shift in the LM curve triggered the Depression, we should have
observed higher interest rates. Yet nominal interest rates fell continuously
from 1929 to 1933.
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These two reasons appear suﬃcient to reject the view that the Depression was
instigated by a contractionary shift in the LM curve. (Mankiw, 2016, p.354; Italics
in original. Bold emphases added by the authors of this paper.)

3.2

Which Hypotheses explain the Great Depression?

Let us now turn to our short-run IS-LM model and examine if the Mankiw’s assertions are
justiﬁed. In the phase diagrams of Figure 4 above, shocks to the IS curve (spending hypothesis)
is represented as a movement from point A to points B and C on the left diagram, and shocks
to LM curve (money hypothesis) is illustrated as point D on the right digram. In order to
study the spending and money hypotheses more in line with that of the Great Depression, let
us run simulations by decreasing investment and consumption at the same time. For spending
hypothesis, let us suppose that consumption decreases by ∆C = −20 at t = 1930 once, and then
investment decreases by ∆I = −20 at t = 1930 and 1931 (for two consecutive periods) and then
at t = 1935, respectively. For money hypothesis, let us assume that money stock M s is now
decreased by ∆M s = −10 at t = 1930. In our dynamic model, these scenarios are implemented
through PULSE function. These scenarios are more realistic than simply decreasing the level
of C and I separately in time using STEP function as was done in the case of Figure 4.
Figure 6 below shows the behaviors of income and interest rate under the two hypotheses as
time-series. Note the time (1928-1940) displayed on the horizontal axis is a supplemental label.
4
Note also that the right graph shows the behavior for nominal interest rate instead of real

Figure 6: Income and Interest Rate under Spending and Money Hypotheses (Case 1)

interest rate. Under the ﬁxed price assumption, however, there is no diﬀerence between nominal
and real interest rates, and behaviors of the two exactly match in our simulation. Speciﬁcally
line 1 (blue) in both diagrams show behaviors under the spending hypothesis whereas line 2
(red) shows that of the money hypothesis. On both diagrams the spending hypothesis indicates
falls in both income and interest rate, while income falls but interest rate rises under the money
4 The simulation software (Vensim) has a functionality that allows users to control the appearance of time label
of graphs arbitrarily. Overlaying the time range allows us to focus on speciﬁc periods of simulation. Simulation
is ran for 50 years (1920-1970) but we are only showing the period between 1928-1940 when pulse function is
implemented using this graph displaying functionality. It does not mean, however, that model parameters and
initial values have been calibrated and optimized using the actual reference data. Unit of time is set to year.
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hypothesis. Indeed the rise in interest rate under the money hypothesis fails to explain the fall in
nominal interest rate observed from the data in Figure 5. Mankiw pointed out this contradictory
behavior in the nominal interest rate as ”the second problem for the money hypothesis”. Our
simulation also shows that each hypothesis has diﬀerent eﬀects on income.
Note that ”Case 1” in the caption of Figure 6 means the simulations are run under the ﬁxed
price and exogenous money assumptions. To give an overview in advance, these assumptions will
be relaxed step-by-step as we proceed in the following sections in this paper. The case 2 model,
which will be studied in section 3.4, relaxes the
s
s
ﬁxed price assumption but exogenous money is
Mexogenous
Mendogenous
left untouched as summarized in Table 1. From
Pf ixed
Case 1
Case 3
the combination of two assumptions, we will
Pf lexible
Case 2
Case 4
examine four cases in total. As we explain in
later sections, the model is developed so that
Table 1: Assumptions and Model Cases
all cases can be examined in a single model
through parameters called ”ratio elasticity of price” and ”endogenous money switch”.
How about the the behavior of real money balances, then? Figure 7 below shows both
money stock and real money balance fell under the money hypothesis. Recall that price is ﬁxed
under both hypothesis in case 1, which reﬂects the assumption of the standard IS-LM model
in macroeconomics textbooks. Therefore, as Figure 7 indicates, both spending and money
hypotheses fail to explain that prices fell while real money balances rose during the Depression.
In fact, this problem, which Mankiw called ”the ﬁrst problem” of money hypothesis, occurs

Figure 7: Money Stock and Real Money Stock under the Two Hypotheses (Case 1)

under both hypotheses. Accordingly both hypotheses should have been rejected as the causes of
the Great Depression. In other words the IS-LM model itself should have been rejected at this
point of analysis as it cannot explain the behaviors of key macroeconomic variables. However,
Mankiw fallaciously rejected the money hypothesis only without examining the applicability of
the short-run IS-LM model itself grounded on exogenous money and ﬁxed price assumptions.
Money Hypothesis explains Money Contraction and Rise in Real Interest Rate
Rejecting the money hypothesis, however, runs into three problems. The ﬁrst problem is the
behavior of real interest rate. Figure 19 in Appendix shows the behavior of real interest rate
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(red line), which is obtained from the nominal interest rate and inﬂation data in Figure 5
using the Fisher equation.5 To be precise the real interest rate shown in Figure 19 corresponds
to ex post real interest rate since the actual inﬂation data was used instead of the expected
inﬂation. As we can observe from the graph shown in Figure 19, the ex post real interest
rate initially jumped during the Great Depression. Accordingly one may counter-argue that
money hypothesis performs better than spending hypothesis when it comes to explaining the
contraction of money supply and initial rise in the (ex post) real interest rate.6
The second problem is the contraction of money stock M s . Money hypothesis accounts
for the contraction in M s , which caused the banking crisis of the 1930s in the U.S. On the
other hand, spending hypothesis does not take into account this critical aspect of the Great
s
Depression nor the rise in real money balance MP . Furthermore M s is treated as an exogenous
variable as shown in the model equations. This reﬂects a key assumption of the standard
IS-LM model that money stock can be controlled presumably by the central bank. Therefore
it becomes logically incoherent to assume that ”M s has contracted endogenously” in the ﬁrst
place. In other words, economists should have veriﬁed whether the assumption that ”M s is
given exogenously” is wrong or the hypothesis that ”M s has contracted” is wrong at this point.
Looking at the data, we can clearly see that money stock has shrunk signiﬁcantly. We then
come to understand the assumption that ”M s is an exogenous variable” is strange, and that,
if M s is an endogenous variable, it would then be unreasonable to pursue the Federal Reserve
with full responsibility for the Depression, given that it cannot control money stock directly
but only inﬂuences it. This point will be discussed in detail in the next Section 4.
The third problem is the behavior of price changes, i.e. the deﬂation, which was one of the
two main causes that precipitated the Depression according to Irving Fisher, who was one of
the original proponents of money hypothesis as we also discuss in the next section.7 Therefore
rejecting the money hypothesis in favor of the spending hypothesis runs into its own problems.
Rational economists should have questioned the validity of the IS-LM model itself, rather than
applying each hypothesis separately and rejecting only one of them in favor of the other.

3.3

The Mankiw’s Extended Model of the IS-LM Analysis

In an attempt to explain the eﬀects of deﬂation on income under the spending hypothesis,
Mankiw (2016, p.355) then presents an extended version of the IS-LM analysis in a section
titled ”The Money Hypothesis Again: The Eﬀects of Falling Prices”. Referring to the debtdeﬂation theory proposed by Irving Fisher in 1933, Mankiw introduces a new variable: expected
future inﬂation (Eπ). His extended IS-LM analysis is then presented as follows:
Y
M
P

= C(Y − T ) + I(i − Eπ) + G

IS

(17)

= L(i, Y )

LM

(18)

5 From the Fisher equation, the ex ante real interest rate (r
ante ) can be approximated by subtracting expected
inﬂation (π e ) from nominal interest rate (i) such that rante = i − π e .
6 The fundamental issue here is that price level P is assumed to be ﬁxed in the standard short-run IS-LM
model; that is, expected inﬂation is zero (π e = 0) as well as the actual inﬂation (π = 0). Thus there is no
theoretical distinction between real (r) and nominal interest rate (i) in the IS-LM model. It can be both nominal
and real interest rates under the ﬁxed price assumption. Accordingly one cannot take the interest rate in the
model as showing either nominal or real interest rate and then evaluate it as contrasting with the data. In this
case Mankiw interpreted the interest rate in the IS-LM model as showing the nominal interest rate and then
compared it with that of the real world as shown in Figure 5.
7 Mankiw himself acknowledges this, though he does not specify the name, as in the following sentence: ”From
1929 to 1933 the price level fell 22 percent. Many economists blame this deﬂation for the severity of the Great
Depression. They argue that the deﬂation may have turned what in 1931 was a typical economic downturn into
an unprecedented period of high unemployment and depressed income.”(Mankiw, 2016, p.354)
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where ex ante real interest rate (r) is the diﬀerence between nominal interest rate (i) and
expected future inﬂation (Eπ) from the Fisher equation. With the introduction of expected
future inﬂation, nominal and real interest rates are now distinguished. Mankiw (2016) then
goes on to explain that the spending hypothesis in his extended version of the IS-LM analysis
shown above can explain how the destabilizing eﬀects of deﬂation aﬀect income without a need
to rely on the money hypothesis as follows:
Now suppose that everyone suddenly expects that the price level will fall in the
future, so that Eπ becomes negative. The real interest rate is now higher at any
given nominal interest rate. This increase in the real interest rate depresses planned
investment spending, shifting the IS curve from IS1 to IS2 . (The vertical distance
of the downward shift exactly equals the expected deﬂation.) Thus, an expected
deﬂation leas to a reduction in national income from Y1 to Y2 . The nominal interest
rate falls from i1 to i2 , while the real interest rate rises from r1 to r2 .
Here is the story behind this ﬁgure. When ﬁrms come to expect deﬂation, they
become reluctant to borrow to buy investment goods because they believe they will
have to repay these loans later in more valuable dollars. The fall in investment
depresses planned expenditure, which in turn depresses income. The fall in income
reduces the demand for money, and this reduces the nominal interest rate that
equilibrates the money market. The nominal interest rate falls by less than the
expected deﬂation, so the real interest rate rises.
Note that there is a common thread in these two stories of destabilizing deﬂation.
In both, falling prices depress national income by causing a contractionary shift
in the IS curve. Because a deﬂation of the size observed from 1929 to 1933 is
unlikely except in the presence of a major contraction in the money supply, these
two explanations assign some of the responsibility for the Depression—especially
its severity—to the Fed. In other words, if falling prices are destabilizing, then a
contraction in the money supply can lead to a fall in income, even without a decrease
in real money balances or a rise in nominal interest rates. (ibid., pp.355-356)
The ﬁrst one of the ”two stories of destabilizing deﬂation” refers to the debt-deﬂation theory
proposed by Irving Fisher, which, according to Mankiw, analyzed that the wealth redistribution
eﬀects of deﬂation between debtors and creditors reduce the spending of debtors more than the
creditors raise their spendings, thus giving rise to a net reduction in spending and causing
contractionary shift in the IS curve. The second story is the role that expected inﬂation plays
in the rise of real interest rate as explained in the quotation above.
There are two problems in this formulation when applying his extended analysis to the case
of the Great Depression. The ﬁrst issue is unit inconsistency in the LM equation (18). From
system dynamics modeler’s perspective, the supply of money M
P on the left side of equation
(18) has a stock unit expressed in real term (e.g. DollarReal) whereas the right side (demand
for money) has a ﬂow unit (e.g. DollarReal/Year). In system dynamics modeling convention,
the Mankiw’s extended version of the IS-LM model does not pass the unit consistency test.8
The second issue is the treatment of price P . The extended model introduced the expected
inﬂation, which is a human psychological variable. However, P remains to be ﬁxed in the shortrun IS-LM model. Therefore it remains unclear how the Mankiw’s extended model describe an
expected deﬂation without ﬂexible price in the ﬁrst place. This leads us to a methodological
issue, which is that he presents no dynamic model with which readers can run simulations and
8 Refer to the equation (8) in our model where Real Money Balance (DollarReal) is multiplied by Velocity
(1/Year). Our model clears both the unit as well as model checks built into the SD simulation software.
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verify his claims. Model-less arguments can mislead policy makers and the general public at
large, which we will discuss in Section 7 in the context of Japanese case since the 1990s.
The Flexible Price IS-LM Model
Let us incorporate the Mankiw’s idea of extending the short-run model towards ﬂexible price.
The introduction of expected inﬂation allows us to distinguish nominal and real interest rates
within our IS-LM model presented in Section 1.1. Based on the Fisher equation, an ex ante
real interest rate r can be approximated as the diﬀerence between nominal interest rate i and
expected inﬂation rate π e such that r = i – π e .9 With the introduction of expected inﬂation
and real interest rate, our extended version of the IS-LM model is now described as follows:
Y

=

AD

(Aggregate Demand Equilibrium)

(19)

AD

=

C +I +G

(Aggregate Demand)

(20)

C

=

C0 + cYd

(Consumption Decisions)

(21)

Yd

=

Y −T

(Disposable Income)

(22)

T

=

(Tax Revenues)

(23)

I

=

T0 + tY − Tr
I0
− αr
r
Ḡ

(Investment Decisions)

(24)

(Government Expenditures)

(25)

=

Ld

(Equilibrium of Money)

(26)

=

aY − bi

(Demand for Money)

(27)

=

i−π

(Fisher Equation)

(28)

G =
s

M
V
P
Ld
r

e

With the addition of a new equation (28) into the previous model in Section 1.1, our extended
IS-LM model now consists of 10 equations with 10 unknowns;
Y, AD, C, I, G, Yd , T, i, r, Ld
with 14 exogenously determined parameters
C0 , c, T0 , t, Tr , I0 , Ḡ, M s , P, V, α, a, b, π e
Equations (19) through (23) are the same formulation as in equation (1) through (5) of the
previous model under ﬁxed price. The extended model above distinguishes nominal (i) and (ex
ante) real interest rate (r) as in equation (28). Furthermore we can similarly deﬁne the ex post
real interest rate (rpost ) based on the Fisher equation. Note also that the investment decisions
in equation (24) is now a function of ex ante real interest rate r whereas the liquidity demand
is a function of nominal interest rate i.

3.4

The SD Model of Flexible Price IS-LM

To examine whether the Mankiw’s assertions on the validity of spending hypothesis under the
ﬂexible price assumption are justiﬁed, let us introduce the expected inﬂation into our system
dynamics model. To do so, we ﬁrst need to incorporate price dynamics into our model.
9 Notice

the diﬀerent symbols used for expected inﬂation in Mankiw’s textbook (Eπ) and our model (π e ).
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Price Adjustment Process
Price level in the short-run IS-LM model is assumed to be exogenously determined, by reﬂecting
the Keynesian view that price tends to be rigid in the short run.10 Hence price has been assumed
to be ﬁxed in our model so far. Introducing the inventory stock, which we discussed already in
Section 2.1, allows us to model price dynamics even in the short run, because ﬂuctuations of
inventory are always reﬂected as a change in price in the real economy such that
dP
∗
= Ψ (Inv
− Inv )
dt

(29)

∗
where Inv
denotes desired inventory, which represents the amount of inventory stock that the
economy as a whole desires to hold at any moment in time. This price adjustment process can
be further speciﬁed as follows
dP
P∗ − P
=
(30)
dt
Adjustment Time

where the desired price P ∗ is obtained as
P∗ =

P
∗ )e
(Inv /Inv

(31)

where e is an inventory ratio elasticity of desired price. This elasticity can be changed as a
parameter in our SD model so that users can try out diﬀerent assumptions on the degree of
price rigidity. The default value is set to 0, which assumes ﬁxed price. We have set the price
adjustment time to 4 (years) in the subsequent simulations. The stock-ﬂow diagram in Figure
3 illustrates this price adjustment process already.
Expected Inﬂation Formation Process
With the introduction of price adjustment process above, the model can now be extended further
to incorporate the formation of expected inﬂation as a psychological variable. Speciﬁcally the
expected inﬂation rate can be modeled as
dπ e
π − πe
=
dt
Adjustment Time

(32)

where the inﬂation rate is obtained as follows:
π=

d(lnP (t))
dt

(33)

where lnP (t) is a natural logarithm of price P (t). The adjustment process of expected inﬂation
above reﬂects the adaptive expectation. With the inclusion of the price adjustment and expected
inﬂation rate, our extended IS-LM model with ﬂexible price assumption is now completed.

3.5

Spending & Money Hypotheses under the Flexible Price

Let us now run simulations and test the spending and money hypothesis in this extended model.
Speciﬁcally we allow the price to move ﬂexibly by setting its elasticity to 0.2 at t = 0 from its
default value of 0 (ﬁxed price). The inﬂation expectation adjustment time is set to 10 (years).
10 Yamaguchi (2013, Chapter 9) discusses the contrasting views on the role of price adjustment in the Neoclassical long-run equilibrium and Keynesian aggregate demand equilibrium of GDP with a causal loop diagram.
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Figure 8 below shows the behavior of income (left) and price level (right). ”Case 2” in the
caption means that the simulation is run under ﬂexible price assumption as shown in Table
1. Reductions in consumption, investment (spending hypothesis) and money stock (money
hypothesis) are implemented in the same way as was done in case 1. Both hypotheses cause
income to fall similar to case 1 simulations.

Figure 8: Income and Flexible Price under the Two Hypotheses (Case 2)
A left diagram in Figure 9 below shows nominal interest rate (line 1 in blue), ex ante real
interest rate (line 2 in red) and ex post real interest rate (line 3 in green) under the spending
hypotheses. The right diagram shows those of the money hypothesis. Spending hypothesis

Figure 9: Nominal and Real Interest Rates under the Two Hypotheses (Case 2)
under ﬂexible price (case 2) captures what Mankiw called the destabilizing eﬀects of deﬂation
on income, the fall in nominal interest rate as well as rise in real interest rate. Though the
rise in ex ante real interest rate (line 2) under the spending hypothesis is not signiﬁcant in our
simulation, the decline in nominal interest rate causes the ex ante real interest rate to appear
relatively higher. Moreover the spending hypothesis captures the sudden rise in ex post real
interest rate (line 3), which is consistent with the data in Figures 5 and 19.
18

Case 2 analysis is what Mankiw’s extended model of the IS-LM has attempted to implement,
but he did not present a dynamic model. Our simulation results indeed conﬁrms the validity
of Mankiw’s claim, and this is one of the contributions of this paper. However, the problem
of spending hypothesis in case 2 is that it still treats money stock M s as exogenously given,
thus failing to explain the contraction of money as was discussed in case 1 also. To see this
visually, Figure 10 below compares the behaviors of money stock (left) and real money balance
(right) under the two hypotheses. From the graph on the right, we can observe that real

Figure 10: Money Stock and Real Money Balance under the Two Hypotheses (Case 2)
money stock under the spending hypothesis (line 1 in blue) increases whereas that of money
hypothesis (line 2 in red) decreases initially and then rise. This seems to suggest that spending
hypothesis explains the behavior of real money balance during the Depression better than the
money hypothesis. Looking at the graph on the left, however, the spending hypothesis does not
take into account the contraction of money in the ﬁrst place. The rise in real money balance
without contractions in money stock shows that the spending hypothesis in case 2 model does
not explain the real money balance for the right reason. As far as our simulations suggest,
therefore, we did not ﬁnd a theoretical evidence which supports Mankiw’s claim under the
spending hypothesis in his extended IS-LM analysis.11
Money hypothesis in case 2, on the other hand, captures the money contraction, deﬂation,
and rise in real money balance for the right reason. Also the rise in ex post real interest rate
is consistent with the data. However, the nominal interest rate also rises under the money
hypothesis, which is inconsistent with what was observed during the Great Depression.
Problems of Spending Hypothesis under the Flexible Price Model
In summary the spending hypothesis in the extended model still fails to explain the contraction
of money, and thus the behavior of real money balance for the right reason. It does not
take into account the fact that money stock contracted signiﬁcantly during the Depression
either. This anomaly alone should have prompted economists to question the validity of IS-LM
11 Recall from the quotation above that Mankiw (2016, p.356) maintained: ”if falling prices are destabilizing,
then a contraction in the money supply can lead to a fall in income, even without a decrease in real money
balances or a rise in nominal interest rates”. One can see here that he presupposes the money contraction under
the spending hypothesis in his extended analysis. This presumption, however, contradicts with his deﬁnition of
spending hypothesis or with the exogenous money still assumed in his extended model of the short-run IS-LM.
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model itself, rather than rejecting only the money hypothesis in favor of the other twice; that
is, ﬁrst in the standard IS-LM model and, again, in the extended model. Our simulations
imply that the conventional IS-LM model, which is built upon the ﬁxed price and exogenous
money assumptions, fails to explain the causes of the Great Depression under both hypotheses.
Should we abandon the IS-LM model, then? If so, the cause of the Great Depression becomes
unexplainable again even in the undergraduate-level textbooks, which is a serious issue.

4

Endogenous Money Spending Hypothesis

What is wrong with the IS-LM analysis, then? As discussed so far, the problem lies in the
assumption that money stock M s is exogenously given and prices are ﬁxed. Since the introduction of IS-LM model by Hicks (1937), it has been a norm among economists to assume that
money is exogenously determined by the monetary authority; that is, money stock has been
assumed to be put into circulation and can be controlled by the government and/or central
bank. Empirical studies, on the contrary, show that the majority of money stock is created endogenously as interest-bearing debts of non-banking sectors under the current fractional reserve
banking systems (Werner, 2016; Yamaguchi, 2021; Yamaguchi and Yamaguchi, 2021a).12

4.1

The Fisher’s Debt-Deﬂation & 100% Money Theories

Have the economists been ignorant for such a long time so as to disregard the role of money and
debts? No, they have not. Indeed, just as the same time when Keynes published the General
Theory in 1936, Irving Fisher, who was the leading American economists and just became the
ﬁrst president of newly-founded Econometric Society in 1931, proposed that the main cause
of the Depression is the structure of fractional reserve banking system itself where money is
created and destructed endogenously. His main interest at the time was to elucidate the causes
of business cycles. And, just like Keynes, he has been struggling in search for the remedies.13
The Debt-Deﬂation Theory – Fisher’s Analysis of Booms and Depressions
Fisher’s solution was the paper published in the ﬁrst volume of Econometrica entitled ”The
Debt-Deﬂation Theory of Great Depressions” (Fisher, 1933), which was essentially a summary
of his book ”Booms and Depressions” (Fisher, 1932) published a year before. He analyzed
that the crux of the Depression was the over-indebtedness (”debt disease”), which triggered
the ﬁnancial crisis initially, and the deﬂation (”price-level disease”) that worsened the burden
of debtors. In other words, he had a conviction that the central factors that precipitated the
Depression were debt disease (bank loans) and dollar disease (increasing value of the dollar)
rather than real economic factors such as over- or under-production, consumption, saving or
investment. Let us ﬁrst brieﬂy revisit the debt-deﬂation theory based on his article.
Fisher focused on nine macroeconomic variables and described them as the ”chain of consequences” that he considered characterized the dynamics of the Great Depression as follows:
(1) Debt liquidation leads to distress selling and to (2) Contraction of deposit
currency, as bank loans are paid oﬀ, and to a slowing down of velocity of circulation.
This contraction of deposits and of their velocity, precipitated by distress selling,
12 In the original article, Hicks (1937) simply assumed ”Let M be the given quantity of money (p.148)”. We do
not know whether Hicks himself, and others who later followed the IS-LM framework, made such an assumption
for the sake of mathematical simplicity or by the unfamiliarity with the fractional reserve banking. This was,
however, and still is an over-simpliﬁcation of the money and banking systems of the real world.
13 Section 4.1 owes to Chapter 8 of Yamaguchi (2015) titled ”What is the Chicago Plan (Monetary Reform)?”.
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causes (3) A fall in the level of prices, in other words, a swelling of the value of
the dollar. Assuming, as above stated, that this fall of prices is not interfered with
by reﬂation or otherwise, there must be (4) A still greater fall in the net worths
of business, precipitating bankruptcies and (5) A like fall in proﬁts, which, in a
”capitalistic,” that is, a private-proﬁt society, leads the concerns which are running
at a loss to make (6) A reduction in output, in trade, and in employment of labor.
These losses, bankruptcies, and unemployment, lead to (7) Pessimism and loss of
conﬁdence, which in turn lead to (8) Hoarding and slowing down still more the
velocity of circulation. The above eight changes cause (9) Complicated disturbances
in the rate of interest, in particular, a fall in the nominal, or money, rates and a rise
in the real, or commodity, rates of interest. (Fisher, 1933, p.342; emphasis original).
Evidently Fisher pointed out the contraction of money stock and a fall in nominal or a rise
in real interest rates in the debt-deﬂation theory. Furthermore practitioners of system dynamics
can easily notice that his line of thought is inherently a causal loop analysis.14
Figure 11 below illustrates a causal loop diagram of the debt-deﬂation theory.15 Numbers
in parenthesis show the sequence in the original exposition by Fisher. The starting point of his

Figure 11: The Debt-Deﬂation Theory in A Causal Loop Diagram
analysis is the occurrence of over-indebtedness and insolvency upon the burst of the bubble.
Companies and individuals repay bank loans in order to reduce their debts (1). Demand
deposits will decrease as a result (2). Distress selling on margin calls causes the stock market
14 Fisher uses the term ”logical order” as opposed to ”chronological order”. The former is generally called the
’causal (loop) analysis’ and the latter ’behavior analysis (over time)’ in system dynamics. Fisher is known to
have also explained systematically the importance of stock-ﬂow distinction and a need for the strict adherence
to it in economic theory and analysis (Fisher, 1906), not to mention his contribution to fundamental concepts
underlying the macroeconomics including the Fisher equation (Fisher, 1930).
15 Adopted from Yamaguchi (2015, Figure 8.1, p.177) with minor modiﬁcations and translation from Japanese.
Blue arrows indicate the causal relationship changes in the same direction whereas red indicate the opposite.
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to crash, and sales in both real and ﬁnancial markets become sluggish in the process of debt
repayments. The velocity of money slows down. As a result of the declines in investment
and consumption, price levels will fall (3). Then, net assets of business corporations begin
to decrease further (4), and bankruptcies increase. At the same time proﬁts will decrease (5)
and corporate losses increase. Levels of production will decrease in this way (6), which in
turn decrease employment. In addition, the recession makes corporate managers pessimistic
and reduce conﬁdence in their businesses as losses and bankruptcies become more evident (7).
They then decrease expenditures and stop spending money. Money begins to be hoarded and
its velocity of circulation slows down further (8). As a result, recession will accelerate decline
in prices (3). All of the above turmoils aﬀect interest rates, lowering nominal interest rates as
demand for money and loans plunge, while raising real interest rates (9). This causal loop is
referred to as ”recession and unemployment loop” in the causal digram.
Fisher called this eﬀects of excess debts and insolvency ”debt disease”, and eﬀects of deﬂation
on the economy ”dollar disease”. He then analyzed that debt disease results in the contraction of
money stock, lower prices, and bring about the dollar disease. Compounding eﬀects of debt and
dollar diseases bring about the so-called fallacy of composition; ”the very eﬀort of individuals to
lessen their burden of debts increases it, because of the mass eﬀect of the stampede to liquidate
in swelling each dollar owed (...) the more the debtors pay, the more they owe. (Fisher, 1933,
p.344; emphasis in original)”. This feedback loop is referred to as ”credit crunch loop”. When
we focus on the dynamics around the falling prices, this is a deﬂationary spiral. As we have
just seen, the debt (bank loan) and money always occupy the central roles in Fisher’s analysis.
Note that Fisher’s causal analysis stops at the interest rates (9) as is illustrated in Figure 11.
However, under our integrated hypothesis applied in the ﬂexible price IS-LM model, which we
will discuss in the next Section 4.2, the ex ante real interest rate aﬀects the level of investment
I such as described in the equation (24). Accordingly the feedback loop will be closed in our
case 4 model with ﬂexible price and endogenous money assumptions.
Reﬂation Policy – Fisher’s Initial Prescription
How do we get out of the Depression, then? In system dynamics the question becomes: which
dominant loops to break? The Fisher’s answer was straightforward. He came to a conclusion
that price level should be stabilized and the economy will be reﬂated. More speciﬁcally he
considered prices P would naturally rise if the Federal Reserve conducts open market operations
and increases the amount of money M . Using the causal diagram in Figure 11, this policy can
be thought of as breaking the credit crunch loop through monetary policy. Keynes’s analysis,
on the other hand, put more emphasis on the real economic variables such as aggregate demand.
Thus, the Keynesian policies can be thought of as breaking the ’recession and unemployment
loop’. Behind this logic Fisher had the quantity theory of money (Fisher, 1920) in mind:
MV = PT

(34)

where T denotes Trade or Transaction Volumes (not to be confused with Tax Revenues in
equation 5). Notice how the quantity theory is embedded in the causal analysis of Figure 11.
Based on this equation of exchange, Fisher argued that the increase in money M will eventually
lead to increases in prices P or transaction volumes T (or income Y ), if the money velocity
V remains constant (or increases). Speciﬁcally he contended that, as long as the velocity V
keeps its pace with T , which had already been observed statistically by Dr. Carl Snyder (a
statistician at the Federal Reserve Bank of New York) according to Fisher, the price level P can
be kept steady along with the steady progress of T in the long-run. Let us call such a policy
reﬂation policy. Fisher (1932, Chapter X) conveyed that the reﬂation policy causes prices to
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rise moderately, and the economy would eventually recover from the dollar disease as illustrated
at the bottom right corner of Figure 11. For this reﬂation policy to be eﬀective, Fisher (1932)
stated ”[w]e need only to assume that an increase in the quantity of the circulating medium
has some tendency to raise the price level, and vice versa (p.124; emphasis in original)”.
Fisher himself seemed very pleased at the time that his theory was highly regarded by experts
as ”both new and important (Fisher, 1933, p.337)”. As a matter of fact, he was convinced that
the reﬂation policy, though it was not a panacea, could have escaped the Depression as follows:
In fact, in my opinion, this [prevention of the Depression] would have been done
had governor Strong of the Federal Reserve Bank of New York lived, or had his
policies been embraced by other banks and the federal reserve board and pursued
consistently after his death. (Fisher, 1933, p.347)
The reﬂation policy continued to have inﬂuences on economists even today and it became the
rationale of large scale asset purchase programs known as Quantitative Easing (QE).
From The Debt-Deﬂation to 100% Money Theory – The Fisher’s Conversion
In march of 1933, the same year as he published the debt-deﬂation paper, Fisher received a
proposal called ”The Chicago Plan for Banking Reform” proposed by the eight economists at
the University of Chicago.16 With his debt-deﬂation theory published in October, Fisher had
full hopes for the reﬂation policy by the Federal Reserve as explained above. In fact, as if to
support his expectations and conﬁdence in his theory, Fisher (1945) confessed that he had not
at the time of stating them [conclusions of the Booms and Depressions] given attention to the
100% system (p.119)”. However, from around 1934, Fisher began to devote himself with the
monetary reform envisioned by the Chicago Plan to the extent he abandoned his own reﬂation
theory. Undoubtedly Fisher must have been in a hurry to publish 100% Money at the time.
Due to the demanding publication schedule, he simply reproduced the original section titled
”THE ROLES OF DEBT AND DEFLATION” from the Econometrica article into Chapter 7
of his new book with the section titled ”BOOMS and DEPRESSIONS”. In doing so, he took
the insight he gained after the publication of the debt-deﬂation theory and slipped the following
sentence into his new book published two years later in March of 1935:
16 They were: G. V. Cox, Aaron Director, Paul H. Douglas, Albert G. Hart, Frank H. Knight, Lloyd W.
Mints, Henry Schultz, and Henry C. Simons. Phillips (1995) provides a detail account of the background, thesis
and outcomes of monetary and banking reform proposals in the 1930s. The proposals, in principle, consisted
of (1) requiring 100% reserve ratio on checkable deposits and (2) establishing and authorizing the ”Currency
Commission” à la Fisher (1945, p.119) to provide money banks would need for the 100% reserve ratio, and to
manage total money stock towards the price stability objective. Banks will accordingly become the true ﬁnancial
intermediaries of existing funds between savers and borrowers. The former arrangement structurally increases
resiliency, safety and stability of the domestic ﬁnancial system by making all M1 backed by legal tender, thus
achieving M0 = M1 . Note that deposits are merely promises by private banks to refurnish currency, i.e. legal
money, on demand under the current fractional reserve banking system. As a by-product of the reform, national
debts will also be liquidated. See further Yamaguchi (2010, 2011, 2013) for Accounting System Dynamics (ASD)
model-based studies and Benes and Kumhof (2012) for DSGE model-based study on the topic. According to
Zarlenga (2002), the proposal of 100% reserve banking originates from Soddy (1926). Frederick Soddy, who
won the Nobel prize in 1921 for his research in radioactive decay and formulation of the isotopes theory, was
the Dr. Lee’s Professor of Chemistry at Oxford (1919-1936). He was deeply concerned with the persistent
inequality in the era of technological progress after the industrial revolution, and came to a conclusion that the
fractional reserve banking system was the root cause of the prevailing economic injustice. According to Phillips
(1995, p.45), Frank Knight encountered with the Soddy’s idea and, together with aforementioned Chicago school
economists, reﬁned the proposal into the banking reform plan. Concerning the role of government in monetary
system, Frank Knight once stated: No violation of the basic principles of extreme laissez faire theory would
be involved in separating the monetary system from the vicissitudes of speculative private business (ibid.)”.
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It should be noted that all the events listed occur through a contraction of check-book
money. (Fisher, 1945, p.123; emphasis in original)
All the events listed imply the nine events he listed in the original debt-deﬂation paper, and
check-book money implies demand deposits. So, what was the insight he gained after the
publication of the debt-deﬂation theory? Fisher realized, upon receiving the Chicago plan,
that money stock was not an exogenous policy variable. Instead he realized bank loans create
deposits under the fractional reserve banking system or ”the 10% system à la Fisher (1945).
Speciﬁcally he observed this endogenous expansion and contraction of bank deposits as
shown in Table 2.17 First, from 1926 to 1929, the money stock increased by 1 billion dollars
from 26 to 27 billion dollars. This reﬂects the economic booms of the time (the Roaring
20s). Then, from 1929 to 1933, cash holdings increased by 1 billion dollars from 4 billion to
5 billion dollars.
This is
the result of depositors ﬂood1926
1929
1933
s
ing banks and withdrawing
Money Stock (M )
26
27
20
cash. In other words, deposiCash
4
4
5
tors raised the cash ratio from
Deposits
22
23
15
17.4% in 1929 to 33.3% in 1933,
Cash-Deposit Ratio
4/22
4/23
5/15
Cash
reducing bank reserves by 1 bil(= 18.2%) (= 17.4%) (= 33.3%)
(= Deposits )
lion dollars. As a result, demand deposits have fallen by as Table 2: Deposits Contraction during the Great Depression &
much as 8 billion dollars from Changes in Money Stock during 1926-1933 (in billions)
23 billion in 1929 to 15 billion
dollars in 1933. In summary cash increased by 1 billion over the period of four years, while
demand deposits decreased by 8 billion, resulting in the destruction of 7 billion dollars of money
stock. This contraction in the money stock can also be conﬁrmed in Figure 5 above. At that
time, instability caused by bank runs in the U.S. developed into a systemic scale, forcing at least
more than 10,000 banks to close operations. Observing this, Fisher likened the money stock
to highways for business activities, describing that the 23 billion miles (dollars) of highways
needed for daily business operations were suddenly destroyed by 8 billion miles (dollars).18
As a result, the supply of money is endogenously determined, and the quantity equation
(34) is not an equation but merely an identity that always holds. In other words, the quantity
theory as an identity must be accurately expressed, considering that money stock is a function
of transactions T under the fractional reserve banking systems, as follows:
M (T )V ≡ P T

(35)

Expressed in this way, the causal inference that money stock M s aﬀects prices P and the real
economy is no longer convincing and discernible.19 On the contrary, the relationship between
money and economic activities becomes clear. Changes in money stock occur endogenously and
M should not be treated as an exogenous policy variable. Thus the reﬂation policy initially
envisioned by Fisher himself is only eﬀective up to the stage where base money (M0 ) can
17 Prepared by the authors based on descriptions by Fisher (1945, pp.5-6). Numbers were rounded. Hence the
cash-deposit ratios do not precisely correspond to the values calculated using numbers in the table.
18 Yamaguchi and Yamaguchi (2021b, Chapter 1) observed that almost the same ratio of money stock M
1
was potentially destroyed during the burst of the Japanese bubble in the 1990s. It was potentially because
during the post-bubble period, the Japanese government, following the Keynesian ﬁscal policy, increased deﬁcit
spendings through bond issuance, which increased the money stock. Recall that ﬁscal expenditures ﬁnanced by
bonds underwritten by banks will result in increase in money stock (Yamaguchi and Yamaguchi, 2021a).
19 Fisher proposed the quantity theory as an identity. However it was somehow transformed later into an
equation that determines price P and income-related variables by the monetarists. This is also noticeable from
the Mankiw’s interpretation and explanation of the money hypothesis originally put forward by Fisher.
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be increased through rediscounting and open market operations by central banks. The asset
purchase programs, however, do not increase money stock M s (such as M1,2,3 ) per se, which
consists of currency and deposits. This means that another assumption of the reﬂation policy,
as described below, will not be guaranteed under the fractional reserve banking system:
M1 = mM0 =⇒ (if m is stable) =⇒ ∆M1 = ∆M0

(36)

where m is the money multiplier.20 In other words, Fisher realized further that the money
multiplier m cannot be assumed to be stable. This means that the two major assumptions
of reﬂation policy, i.e., the stable velocity V and money multiplier m, do not hold simply
because m cannot be controlled by the central bank nor by the government under the fractional
reserve system. This was the reason why he emphasized in italics that the Great Depression, as
analyzed in the debt-deﬂation paper, ”occur through a contraction of deposits”. Upon receiving
and studying the Chicago plan carefully, he was convinced that the fundamental cause of the
Depression lies in the structure of fractional reserve banking system itself. Under this system,
money is created through bank loans, driving speculative investments and ﬁnancial bubbles.
When the bubble bursts, the $8 billion dollars of ”check-book money” disappeared during the
ﬁnancial turmoil. He then continued the analysis and concluded as follows:
Booms and depressions can doubtless, to some extent, be cured and prevented
without recourse to the 100% system, but, if my analysis is correct, not so surely,
quickly, and easily as under 100% system; for an underlying cause (or precondition)
of great booms and depressions is the 10% system itself (Fisher, 1945, p.120)
In this way Fisher buried his own reﬂation theory with his own hands and replaced it with
100% money theory where he contended the eﬀectiveness of stabilization policy and other socioeconomic beneﬁts.21 Under the 100% reserve system, demand deposits will not disappear from
circulation even if debts (bank loans) are repaid. Additionally the money velocity will not be
aﬀected. That is, the causal arrow pointing from ”Debt (Liquidation)” towards ”Checkable
Deposits” disappears, and the credit crunch loop is eliminated. As a result, there will be no
debt disease or dollar disease that causes the depression. The reﬂation policy may eliminate
the eﬀects of dollar disease as Fisher initially hoped, but they could not eliminate the eﬀects of
debt disease. He was theoretically convinced that, even if these illnesses occurred, they would
not cause economic ﬂuctuations to be as severe as the Great Depression under the 100% system.
After the World War II and until his death in 1947, Fisher continued to advocate the monetary
reform, collaborating with other economists, informing members of the American Economic
Association (AEA) where he was the past president in 1918, and engaging with members of the
Congress and Senators to enact a bill that will establish the 100% system in the United States
and at international level (Phillips, 1995). However, the Fisher’s endogenous money analysis
was gradually forgotten, and later disappeared completely from textbooks as if it were a taboo.
20 If the cash-deposit ratio (α ), legally required reserve ratio (β ), and excess reserve ratio (β ) are deﬁned,
c
r
e
then the money multiplier (m) is obtained as

m=

αc + 1
αc + βr + βe

(37)

The cash-deposit ratio is a value determined by the liquidity preference of non-banking private sectors such
as households and producers, and excess reserve ratio is determined by the lending of deposits (assuming the
ﬁnancial intermediation theory of banking). If the cash-deposit ratio or excess reserve ratio rises due to some
external factors, then the money multiplier would fall and money stock M s will also be out of control since the
central bank can only control the required reserve ratio. See Yamaguchi and Yamguchi (2016) further.
21 See Fisher (1945, pp.10-14) further. All of them still applies even today as the basic structure of the debt
money system remains the same as was in the 1930s, except the gold standard was abolished in 1971.
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4.2

The SD Model of Endogenous Money IS-LM

Empirical results show that the majority of money supply are created by bank loans. That is,
money stock M s exists as interest-bearing debts of non-banking sectors under the current debt
money system.22 Accordingly money stock needs to be reincorporated as an endogenous variable
into the IS-LM model. This has prompted us to revise the ’exogenous money’ assumption of the
conventional IS-LM analysis. How can we revise our IS-LM model, then, into the one in which
money is endogenously created and destroyed? More speciﬁcally, how can we integrate the
spending hypothesis by Keynes and money hypothesis by Fisher within the IS-LM framework?
Endogenous Money Spending Hypothesis
The conventional IS-LM model assumes money stock is exogenously given and controlled by
the monetary authority. However, as shown in equation (35) above, money must be a function
of transactions in terms of the Fisher’s quantity theory such that
M = M (T )

(38)

Since the IS-LM model analyzes this transaction volume in a narrower sense as transactions
related to the income, money stock must be a function of income, i.e. M = M (Y ). Income
in turn is determined by eﬀective demand such as consumption, investment and government
spending within the IS-LM framework. Under the current debt money system, debts by private
sector and government (borrowings) precede investment and spending, since money stock is
only put into circulation when banks grant loans by creating deposits on their books. If the
private sector increase investments or the government issues debt securities, then the amount
of money in the economy will increase endogenously. That is, money stock M s in the LM curve
must be a function of investment (I) and government debt (DG ) such that
M = M (I, DG )

(39)

If eﬀective demand is determined by investment and government spending and IS curve is
drawn, then the money stock would also change simultaneously. Therefore LM curve also have
to be drawn again in conjunction with it.
Based on this insight of endogenous debt money, we propose an alternative integrated
hypothesis for the causes of the Great Depression; that is, Endogenous Money Spending Hypothesis. Speciﬁcally, we have assumed that economic recessions under the debt money system
are generally caused by a combination of spending and money hypotheses as follows:
(a) Aggregate demand falls (the real sector is assumed to trigger recessions here).
(b) Declines in demand for loans follow, including forced debt repayments (credit crunch).
(c) Money stock contracts as a result, followed by deﬂation, which increases debt burdens of
borrowers and real interest rate, which brings the causality back to (a).
22 Yamaguchi (2021) examined the money-debt relationship, as suggested by the deposit creation theory of
banking, in the case of United States Dollar (USD) and found that total debts from banks approximate total
money stock M2 of the U.S. during 1945-2020, following the previous case observed in Japanese Yen (JPY)
during 1980-2019 (Yamaguchi and Yamaguchi, 2021a,b). As a reference, Yamaguchi (2021, p.16, Fig.9) reports
that the correlation coeﬃcient between total debts and M2 of the U.S. is 0.998 during the period between
1945-2020 and 0.996 during the period between 1980-2020. The money-debt relationship in the USD case was
observed more precisely than it did in JPY case where the correlation coeﬃcient between total debts and M3 is
0.987 during 1980-2019. Furthermore the correlation coeﬃcient between total debts and nominal GDP of the
U.S. is reported to be 0.987 during the period between 1945-2020 and 0.978 during 1980-2020 respectively.
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Figure 12: Endogenous Money Spending Hypothesis as A Positive Feedback Loop
The left diagram of Figure 12 above illustrates the above three events as a positive feedback
loop of our endogenous money spending hypothesis. It can cover the case of recessions as well as
economic booms. One can visualize the case of booms by simply reversing the causal direction
in events (a), (b) and (c) in the same feedback loop. This causal loop diagram can compactly
capture how economic booms and recessions are triggered and intensiﬁed under the debt money
system. This is our revised model of endogenous money IS-LM where debts from banks play
a central role in the overall macroeconomic dynamics. To incorporate this feedback loop into
the SD model, however, we need to bring the analyses of budget equations additionally.
Endogenous Money IS-LM Model
To avoid such complexity in this paper, the right diagram of Figure 12 illustrates a simpliﬁed
feedback loop of our endogenous money IS-LM model where money is increased or decreased
endogenously and proportionately with growth rate of income (this causal relationship from
income to money stock is omitted for simpliﬁcation in the ﬁgure) such that
∆M s = ∆Y

(40)

This is a straightforward approach to incorporate endogenous money without modeling the
complex inter-sector transactions, which will be undertaken in the next paper (Part II) by incorporating budget equations and balance sheets of macroeconomic sectors. We have employed
this simple approach in this paper (Part I) without losing a generality of the debt money system. This mechanism is already included in the stock-ﬂow diagram in Figure 3 as ”Money
Stock (Endogenous)”. Users can switch between exogenous and endogenous money mode by
turning on-oﬀ the ”Switch (Money)” shown on the upper left of ”Money Stock”. In our subsequent simulations we assume that money stock increases or decreases endogenously by 70% of
the income growth rate. This ratio can be changed by a variable called ”Endogenous Money
Fraction” so that users can try diﬀerent assumptions on the degree of money endogeneity. The
default value is set to 0.7. By setting the endogenous money fraction = 0, the growth rate of
money stock becomes zero and the model will also run under the exogenous money mode.

4.3

Endogenous Money Spending Hypothesis under the Flexible Price

Now we are in a position to examine how this revised model of IS-LM analysis behave under
the endogenous money spending hypothesis. We have run simulation by switching the model
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to endogenous money mode and applying the same spending hypothesis implemented in case
1 and case 2. We have set the money stock adjustment time to 4, which is the same value for
price adjustment time explained in Section 3.4.
Figure 13 shows behaviors of nominal and real interest rates on the left, and inﬂation and
expected inﬂation rates on the right diagram. ”Case 4” in the caption means the simulation is ran under the ﬂexible price and endogenous money assumptions.23 Because the case
4 model assumes endogenous money, the spending hypothesis now becomes the endogenous
money spending hypothesis. Note, however, that each legend shown below the graphs only
says ”Spending Hypothesis (Case 4)”. Figure 14 compares behaviors of money stock (left)

Figure 13: Interests and Inﬂation under Endogenous Money Spending Hypothesis (Case 4)
and real money balance (right) under the spending hypothesis in case 2 (line 1 in blue) and
the endogenous money spending hypothesis (line 2 in red). Our simulation shows endogenous

Figure 14: Money Stock under Endogenous Money Spending Hypothesis (Case 4)
money spending hypothesis, which was the original analysis on the causes of the Depression by
Fisher, captures the behaviors of nominal and real interest rates already explained under the
23 Simulation results under the spending hypothesis in case 3 model (ﬁxed price, endogenous money) will be
discussed in the next Section 5 where we summarize simulation results under all cases from 1 through 4.
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spending hypothesis in case 2, but also the contraction of money stock, which was unexplained
under the previous case 2 model. Accordingly the rise in real money balance is now explained
for the right reason. As explained already, the current model is not optimized for reference
data. Consequently the initial rise in real money balance in the data is not replicated precisely.
The direction of change in real money balance is determined by the changes in price level and
money stock. It is therefore a matter of calibration, which is not the purpose of this paper.

5
5.1

Evaluation of Endogenous Money Spending Hypothesis
Simulation Results: Cases 1 through 4

Figure 20 and 21 in the Appendix show all simulation results obtained from case 1 through
4. The underlying assumptions in each case is summarized in Table 1. Simulation under the
spending hypothesis in case 1 is shown by line 1 (blue) and money hypothesis is shown by line
2 (red). Spending hypothesis in case 2 is shown by line 3 (green) and money hypothesis is
shown by line 4 (pink). Spending hypothesis in case 3 model is shown by line 5 (light blue)
while spending hypothesis in case 4 is shown by the thick line 6 (orange). To summarize in the
exact order as presented in this paper, line 1 and 2 (case 1) are the simulation results discussed
in Section 3.2. Line 3 and 4 (case 2) corresponds to the simulations discussed in Section 3.5.
Line 6 (case 4) is the simulation under the endogenous money spending hypothesis discussed in
Section 4.3. Note that behaviors of nominal and real interest rates are identical in each case 1
and 3 since price is ﬁxed under both cases. Also, cases 3 and 4 assume the endogenous money.
Therefore simulations are run only under the spending hypothesis in both cases.

5.2

Qualitative Evaluation of the Hypotheses

Evaluation of Hypotheses under the Conventional IS-LM Analysis
A table shown at the top of the Figure 15 (next page) summarizes the qualitative evaluations
of spending and money hypothesis applied on the standard IS-LM model as the comparative
statics. Arrows indicate the implied direction of changes in each macroeconomic variable shown
in columns. There are three types of arrows in our qualitative evaluation. Arrows pointing
upward imply an increase or rise in each variable. Similarly, arrows pointing rightward imply
no change or ’ﬁxed’, and downward arrows imply a decrease or reduction. Arrows in blue
indicate that the simulation under a certain hypothesis is consistent with the data observed
during the Great Depression, which is shown on the second row of the table. Speciﬁcally, we
have evaluated both hypothesis by comparing the implied direction of changes in each variable
against the data indicated by the blue arrows. Black arrows, on the other hand, indicate that
the simulation result is not consistent with the data. By applying this evaluation criteria,
the top table summarizes results of the spending and money hypothesis applied under the
conventional IS-LM analysis explained in standard textbooks. The second row of the table
shows the direction of changes observed from the data during the initial period between 19291933. The third row shows the spending hypothesis and the fourth row the money hypothesis.
As discussed in Section 3.2, Mankiw pointed out that money hypothesis cannot explain the
s
rise in real money balances MP (”the ﬁrst problem”) and decline in nominal interest rate i (”the
second problem”) observed in the data, and then argued that these problems are suﬃcient to
reject the money hypothesis. However, we discussed that spending hypothesis does not explain
the contraction of money in the ﬁrst place. It was further pointed out that, when i and P
declined during the Great Depression, the real interest rate r must have risen, which is what
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Figure 15: Qualitative Evaluations of Spending, Money, and Endogenous Money Spending Hypothesis
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money hypothesis correctly implies. Accordingly one may similarly counter-argue that money
hypothesis performs better than spending hypothesis when it comes to explaining the behavior
of (ex post) real interest rate, even though the data is absent in the original Table 12-1 in
Mankiw (2016). We then discussed further that the fundamental issue of his analysis is the
ﬁxed price assumption. As long as price level P is ﬁxed, there is no theoretical distinction
between nominal and real interest rates, or between ex ante and ex post real interest rates.
This means one cannot evaluate the behavior of interest rate in the conventional IS-LM model
against the real world data correctly, and cannot reject either one of hypotheses accordingly.
Evaluation of Hypotheses under Cases 1 through 4
Shown at the bottom of Figure 15 is a table summarizing the qualitative evaluations of simulation results under all cases using the same criteria. The arrangement of cases corresponds
to the sequence explained in Table 1 where case 1 is shown at the top left corner, and the
endogenous money spending hypothesis (case 4) is shown at the bottom right.
Case 1 model (ﬁxed price, exogenous money) was discussed in Section 3.2, and corresponds
to the conventional short-run IS-LM analysis explained in standard textbooks. Case 1 model
can be alternatively interpreted as what Mankiw’s extended model actually analyzed because
his model only introduced the expected inﬂation rate, not the ﬂexible price itself. Spending
hypothesis under the case 1 (line 1 in blue in Figures 20 and 21) captures the reduction in
nominal interest rate i but not other variables. Since M s and P is assumed to be ﬁxed, real
s
money balance MP is also ﬁxed. Money hypothesis in case 1 (line 2 in red), on the other hand,
accounts for the contraction of M s , but not for the decline in i. As discussed above, Mankiw
interpreted the interest rate in short-run IS-LM model as showing the nominal interest rate i
and compares it with that of the data to reject the money hypothesis falsely.
Case 2 model (ﬂexible price, exogenous money) is the model discussed in Section 3.5. Spending hypothesis in case 2 (line 3 in green in Figures 20 and 21) captures what Mankiw called
the destabilizing eﬀects of deﬂation on income, the fall in nominal interest rate i as well as
the sudden rise in ex post real interest rate in the data. Case 2 analysis is what the extended
analysis in Mankiw (2016) has attempted, but he did not present a working model. Our simulation results corroborate Mankiw’s claim. However, the problem of spending hypothesis in
case 2 model is that it still treats M s as an exogenous policy variable, thus failing to explain
its contraction during the Depression. This meant that behavior of real money balance is not
explained under spending hypothesis for the right reason. For the behavior of ex ante real
interest rate, our simulation suggests that it rises relative to nominal interest rate and then
ﬂuctuate, as it is aﬀected by multiple factors including inﬂation and the nominal interest rate,
which in turn is aﬀected by various factors even in our simple model. Money hypothesis in case
2 (line 4 in pink), on the other hand, captures the money contraction, deﬂation, and rise in
real money balance for the right reason. Also the rise in ex post real interest rate is consistent
with the data. However, the nominal interest rate i rises, which is inconsistent with the data.
Spending hypothesis in case 3 (line 5 in Figures 20 and 21) captures the endogenous cons
traction of M s . Decrease in real money balance MP , however, contradicts with the data. This
contradicted behavior under the spending hypothesis is not mentioned at all in Mankiw’s analysis. Recall that the decrease in real money balance under the money hypothesis was the main
reason why Mankiw rejected it in the standard IS-LM (case 1) model. We cannot fully evaluate
the behavior of interest rates for the same reason as in case 1 (no theoretical distinction between
the nominal and real interest rates under the ﬁxed price assumption).
Case 4 model (ﬂexible price, endogenous money) was discussed in Section 4.3 where the
endogenous money spending hypothesis was examined. It captures the data already explained
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in case 2 as well as the endogenous contraction of money stock, which was unexplained in
case 2. Accordingly the rise in real money balance is explained for the right reason under the
endogenous money spending hypothesis. As a result, arrows are all in blue, indicating that the
direction of changes in all variables are consistent with the data except the ex ante real interest
rate. The ex ante real interest rate is shown in black as we have no data in Figure 5.
In this paper we began our analysis by ﬁrst translating the conventional IS-LM framework of
the comparative statics into a system dynamics model. Figure 15 illustrates how the behaviors
of the Great Depression unexplained by the traditional IS-LM analysis are now fully captured by
our endogenous money IS-LM model. A wide green arrow represents a methodological paradigm
shift from comparative statics to system dynamics simulation. A wide orange arrow represents
a theoretical paradigm shift from exogenous money to endogenous money analysis.

6

Endogenous Money IS-LM Model As Paradigm Shift

Using the conventional IS-LM model, Mankiw (2016) tried to explain the causes of the Great
Depression and rejected the money hypothesis. We have rejected both of them under the standard IS-LM model with exogenous money assumption, and proposed an alternative endogenous
money spending hypothesis. The revised model was able to explain the Depression successfully.
In this section we explore this hypothesis further to see if it can explain other cases of recession.

6.1

Recessions by the Endogenous Money Spending Hypothesis

In Figure 16 we have produced behaviors of the three hypotheses as a more general case of
economic recessions. To illustrate comparative analysis between exogenous and endogenous

Figure 16: Joint Shifts of IS-LM Curves under Endogenous Money Spending Hypothesis
money clearly, ﬁxed price is assumed here. Furthermore STEP function is used to implement
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reductions in aggregate demand components.24 Behaviors of spending hypothesis around points
B and C and money hypothesis around point D under the exogenous money are the same as
shown in Figure 4. On the other hand, behaviors around points B’ and C’ under the endogenous
money spending hypothesis are newly shown as the movement from points B and C. They share
similar behaviors as those under the spending hypothesis. For instance, nominal interest rate
taken on the vertical axis continues to fall. That is, a rise in nominal interest rate at point
D, which Mankiw called the second problem of money hypothesis, does not occur under the
endogenous money spending hypothesis. Yet, these points no longer move along the LM curve
in contrast to the case of spending hypothesis under the exogenous money (case 1) as discussed
in Section 2.3. Consequently, the endogenous money spending hypothesis can be said to be a
better prospect for the analysis of economic recessions in general. Not only that, it also provides
the uniﬁed view of Fisher’s and Keynes’s analyses on the causes of the Great Depression.

6.2

Joint Shifts of IS-LM Curves under Endogenous Money

Our endogenous money IS-LM model further provides a new ﬁnding that the point C’ attained under the endogenous money spending hypothesis is the combination of shifts in both IS
and LM curves, which have been applied separately under the exogenous money assumption.
Speciﬁcally, a line 6 (orange) in Figure 17 illustrates shows how the point C’ can be attained as
a combination of independent shifts in the IS curve caused, ﬁrstly, by the spending hypothesis
(point A → B by ∆I = −20 at t = 8; and point B → C by ∆C = −20 at t = 24), and in LM
curve caused, secondly, by the money hypothesis (point C → C’ by ∆M = −14 at t = 8). The

Figure 17: Analysis of the Joint Shifts of IS-LM Curves under Endogenous Money
point C’ can be attained irrespective of the combination orders among ∆I, ∆C and ∆M . Yet
24 For the analysis of the Great Depression discussed in Section 3.2, recall that we used PULSE function to
simulate the behaviors of data without calibrating the model parameters for formal data ﬁttings.
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the exogenous and endogenous money models show diﬀerent paths to point C’. This implies
that the traditional comparative static analysis of shifting either IS or LM curve separately
and observing its impact on the economy, as we have been thoroughly taught in macroeconomic textbooks, is no longer applicable to the analysis of recessions under the current debt
money system. For the analysis of recessions, both IS and LM curves must be jointly shifted
all the time. Economists must now abandon the traditional IS-LM analysis in the textbooks
and adopt dynamic analysis along the endogenous money IS-LM model presented here. This is
the paradigm shift in macroeconomics we emphasized in this paper.

6.3

Japan’s Lost 30 Years as Unpredictable Shifts of IS-LM Curves

Monetary policy explained in the traditional exogenous money IS-LM model, which is to control
money stock M s as discussed in Section 2.3, is no longer available in the endogenous money
IS-LM model, simply because the central bank cannot control money stock that is endogenously
created. Furthermore, it cannot control real interest rate either because money stock and price
are not under its control. Central bank can only change base money M0 through its market
operations to guide nominal interest rates as its policy target. In this sense, we have been falsely
taught in textbooks that central banks in the real world somehow exercise a direct control over
money stock as its policy instrument. Indeed, monetary policy turned out to be far less eﬀective
in the real economy. This is why the series of QE policies that have been implemented during
Japan’s post-bubble period turned out to be ineﬀective. As discussed in Section 4.1, they were
destined to fail at a theoretical level as Irving Fisher, the original advocate of the reﬂation
policy, had already predicted and warned against in the 1930s.
How about ﬁscal policy by the government, then? In Figure 18 (next page) we implemented
a ﬁscal policy of increasing government spending by ∆G = 40 at t = 35 to get out of the recession
at point C ′ . As a result, the model attained the point F ′ with the higher level of income.
This movement from point C ′ → F ′ seems predictable since the government expenditure G is
increased in the same fashion as was done in the exogenous money IS-LM model, which moves
a new equilibrium point toward F (point C → F) along the LM curve (dotted line).
Driven by this expectation on the ﬁscal policy, the Japanese government has increased its
debt and spent 595 trillion yen to stimulate the post-bubble economy during the last 30 years;
that is, its cumulative amount of expenditure became larger than its nominal GDP. On average
it implemented roughly 20 trillion yen of deﬁcit spending per yer. Yet, her GDP only increased
by 60 trillion yen in total during the same period, that is, an increase in 2 trillion yen per year
on average. This expansionary ﬁscal expenditure of 20 trillion yen only ended with an increase
in GDP by 2 trillion yen per year.
This poor performance is in stark contrast with the textbook explanation of ﬁscal multiplier
eﬀect implied by the Keynesian theory. By substituting the parameter values25 into the simple
IS-LM equilibrium in equation (13), the ﬁscal multiplier can be obtained as follows:
∆Y
1
=
= 2.427
∆G
1 − c(1 − t) + α(a/b)

(41)

If we use this multiplier for the calculation purpose only, then Japan’s nominal GDP should
have increased by 48.5 trillion yen (= 2.427 × 20) every year instead of the 2 trillion yen that
was actually realized. The Japanese policy makers seemed to have been fooled by this illusion
of ﬁscal multiplier taught by the standard textbooks.26 They might have expected that the
25 Parameter values are as follows: c = 0.76, t = 0.1, α = 8, a = 0.3, b = 25. Note that these are the same
values used in all simulations presented throughout this paper.
26 IS-LM analysis is a popular subject in the recruitment test for government oﬃcials of Japan.
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Figure 18: Fiscal Policy under the Endogenous Money IS-LM & Japan’s Lost 30 Years
economy would move, say, from the point C to the point F in Figure 18. This is another
example of the ﬂawed interpretation and application of Keynesian comparative static analysis.
The conventional IS-LM analysis gives an impression that one-time government spending brings
the economy into a new equilibrium with higher level of income. However, if we examine the
eﬀects of ﬁscal policy in a dynamic model, we could easily learn that it is not the case.27 Hence
the correct interpretation and application of ﬁscal multiplier should be that the government
needs to continue spending by either raising taxes or borrowing money by issuing treasury
bonds, until a new (comparative static) equilibrium is attained and sustained at such points.
Based on the historical data in Japan, the eﬀect of its ﬁscal policy must be shown to have
moved its equilibrium point from point C ′ to, say, a point J, which is manually drawn (its
real scales of income and interest rate are neglected here). This was how ﬁscal policy failed to
stimulate the economy contrary to what the conventional IS-LM analysis would have predicted.
So long as we use the revised IS-LM model, however, we are still led to expect that the economy
will move toward north-east direction such as the point F ′ . In other words, there is no way to
end up with the point J as long as government expenditure is increased even in the endogenous
money IS-LM model. Accordingly, the point J such as observed in the Japanese case becomes
entirely unpredictable even under the revised IS-LM model. In this sense, its inability to explain
the point J becomes its limitation. Can we analyze the case of point J with the endogenous
money IS-LM model, then? This challenge will be addressed in our next paper (part II).

27 See

Chapter 9 of Yamaguchi (2013) further for simulation analyses.
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7

Discussions

In Section 4.1 we discussed how Irving Fisher, upon his realization of the signiﬁcance of endogenous money under the current debt money system, incorporated it into his debt-deﬂation
theory and proposed the 100% Money. As the original proponent of reﬂation policy, Fisher
immediately came to the conclusion that the very structure of the debt money system itself was
what was preventing the economy from not only recovering as quickly as possible, but has been
the root cause of the Great Depression. As the proponent of spending hypothesis, what was
the Keynes position on the endogenous money, then? As the ﬁnal analysis of this paper, let us
brieﬂy examine how the original proponents of the spending and money hypothesis incorporated
endogenous money analysis into their theories of the Depression and policy proposals.28

7.1

Irving Fisher and John M. Keynes on Endogenous Money

The subject of money and banking seems to have been a confusing topic even for Keynes.
Werner (2005, p.189), for instance, observed that Schumpeter (1954) had been curious as to
why Keynes, who initially recognized banks as creators of new deposits in his Treatise (Keynes,
1930), failed to incorporate such a signiﬁcant role of banks in the General Theory as follows:
The deposit-creating bank loan and its role in the ﬁnancing of investment without
any previous saving up of the sums thus lent have practically disappeared in the
analytic schema of the General Theory, where it is again the saving public that holds
the scene. Orthodox Keynesianism has in fact reverted to the old view according to
which the central facts about the money market are analytically rendered by means
of the public’s propensity to save coupled with its liquidity preference. I cannot do
more than advert to this fact. Whether this spells progress or retrogression, every
economist must decide for himself. (Schumpeter, 1954, p.1115; Italics in original)
Keynes began his research on monetary theory from the treatise on money. But since he
was in the U.K., it might be possible that he was simply not aware of the Chicago plan nor
the 100% Money by Fisher. Perhaps he was busy writing the General Theory at the time and
didn’t consider it as deeply as Fisher did. Or had he have to ignore it because he thought the
General Theory would not complete unless he assumed that investment comes from savings and
that the supply of money was determined exogenously?29 The answer seems to be the latter.
Keynes was, in fact, one of the 40 people that Henry C. Simons and other original proponents
of the Chicago plan selected to privately forward the memorandum that laid out the money
and banking system reform. Keynes replied to Simons on March 31st of 1933, stating ”Much
interested by the memorandum which you kindly send me” (Phillips, 1995, p.51).
Eleven years later, in July 1944, delegates from forty-four nations gathered in Bretton
Woods, New Hampshire to discuss the post-war international monetary system. Keynes, then
28 This

section owes to Section 8.4.2 of Yamaguchi (2015, p.204-206) titled ”Keynes and the Chicago Plan”.
of the General Theory immediately ﬁnd the following reﬂection by Keynes in its preface:

29 Readers

The relation between this book and my Treatise on Money, which I published ﬁve years ago,
is probably clearer to myself than it will be to others; and what in my own mind is a natural
evolution in a line of thought which I have been pursuing for several years, may sometimes strike
the reader as a confusing change of view. (...) This book, on the other hand, has evolved into what
is primarily a study of the forces which determine changes in the scale of output and employment
as a whole; and, whilst it is found that money enters into the economic scheme in an essential and
peculiar manner, technical monetary detail falls into the background. (...) The diﬃculty lies, not
in the new ideas, but in escaping from the old ones, which ramify, for those brought up as most of
us have been, into every corner of our minds. (Keynes, 1936, preface; Emphasis in original)
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adviser to the British Treasury, participated in the Bretton Woods negotiations and proposed a
global central bank called the Clearing Union and to create a new supranational currency called
Bancor to facilitate clearing of imbalances in international settlements. The U.S. delegate Harry
Dexter White, the then chief international economist at the Treasury Department, proposed a
Stabilization Fund plan such as the establishment of the IMF and what became the World Bank
Group. Meanwhile Fisher sent a letter to Keynes on July 4th, 1944, asking him to informally
take up the 100% reserve banking system in the Bretton Woods negotiations as follows:
I think it’s quite possible it could, after the war, be put over for Americans and
other countries, as the best national plan to interlock with the international plan
you are now trying to put over. We could then avoid great inﬂation and deﬂation
in future over a wide area. (Allen, 1993, p.715; Emphasis in original)
Namely it was a proposal by Fisher to integrate the 100% reserve plan with Keynes’s international monetary stabilization scheme. Three days later, on July 7th, Keynes replied to
Fisher that he was ”one of my earliest teachers on these matters,” but expressed his ”considerable reservations” about ”the 100 per cent money,” and declined being ”an advocate.” (Allen,
1993, p.715). He then continued as follows:
In my judgment deﬂation is in the near future a much more dangerous risk than
inﬂation. I am afraid of your formula because I think it would, certainly in England,
have a highly deﬂationary suggestion to a great many people. Apart from that, I am
satisﬁed that in British conditions anyhow ... we can obtain complete control over
the quantity of money by means much less capable of exciting unfavorable comment
and opposition. (ibid.)
As is now clear from his reply to Fisher, Keynes was fully aware that the 100% money
proposal excited ”unfavorable comment and opposition” in the U.S. We can also see Keynes
had still believed money stock could be controlled, and that he was opposed to the analysis of
the Great Depression by Fisher and the Chicago economists. Keynes knew the money stock
would be expanded and destroyed endogenously by loans of private banks, but did not think
they were the causes of the Depression. When Fisher received the Chicago plan, he immediately
noticed a theoretical ﬂaw in his debt-deﬂation theory and pointed out the potential ineﬃcacy of
reﬂation policy under the fractional reserve banking system. As Schumpeter observed, Keynes
initially emphasized the role of deposit creation in his treatise. Yet, he later categorically denied
the need for incorporating the endogenous money into his theory and policy proposals upon
the suggestion by Fisher. These ﬂaws in the treatment of money and banking in the Keynesian
theory have led to the government debt crisis such as in Japan as discussed in Section 6.3.

7.2

Macroeconomic Textbooks Must Incorporate Endogenous Money

The subject of money and banking was a confusing topic for Keynes himself, and Mankiw’s
popular textbook is no exception. As we saw in Section 3.1, Mankiw merely refers Friedman
and Schwartz (1963) as the advocate of money hypothesis despite the fact that Milton Friedman
himself was a student of Henry C. Simons and Lloyd W. Mints, by whom the Chicago Plan was
proposed in 1933.30 Mankiw (2016), however, introduced the money hypothesis in a way as if its
30 It is well-known that Friedman later confessed himself as a persistent and strong advocate of the 100% reserve
system (Friedman, 1992, pp.65-66). He recommended, in addition to the original Chicago plan, that interests
should be paid on those 100% reserves so as to ”render the system less subject to the diﬃculties of avoidance
that were the bug-a-boo of the earlier proposals.” The Friedman’s idea can be implemented alternatively as the
service charges depositors pay to banks for keeping their funds safe. Loans for consumption contract still apply.
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proponents analyzed that the contraction of money stock M s alone caused the Great Depression.
That is, the money hypothesis does not take into account the reductions in aggregate demand,
and thus, fails to explain the decline in nominal interest rate i. He then extended his argument
that spending hypothesis is suﬃcient to explain the Depression based on his extended ISLM analysis as we discussed in Section 3.3. However, when we objectively assess the money
hypothesis as proposed by the Chicago economists and Irving Fisher, it can be observed that
such interpretation of the money hypothesis itself is mistaken and a sheer misrepresentation
of the original money hypothesis. It is clear Fisher considered factors underlying the spending
hypothesis in his debt-deﬂation theory and 100% Money. It therefore remains mystery as to
why Mankiw refers to the debt-deﬂation theory but not in its entirety, leaving the most essential
part of Fisher’s conclusion on the causes of the Depression and boom-bust cycles in general.
When it comes to the explanations on money and banking, economics textbooks remain
confusing even today. Focusing our attention speciﬁcally on the Mankiw’s textbook, readers
would still ﬁnd an obscurantism as to how the fractional reserve banking system works in
reality. For instance, Mankiw ﬁrst introduces ’exogenous money’ view in Chapter 4 titled ”The
Monetary System: What It Is and How It Works”. Then, on diﬀerent pages in the same
chapter, he seems to emphasize the ’endogenous money’ view while explaining the usual but
ﬂawed money multiplier model, which reﬂects the ﬁnancial intermediation theory as opposed to
deposit creation theory of banking practiced in the real world. The following quotations from
Mankiw (2016, Chapter 4) show his popular textbook remains to be confusingly on both sides.
In an economy that uses ﬁat money, such as most economies today, the government
controls the supply of money: legal restrictions give the government a monopoly
on the printing of money. Just as the level of taxation and the level of government
purchases are policy instruments of the government, so is the quantity of money.
(p.86)
If banks hold 100% of deposits in reserve, the banking system does not aﬀect the
supply of money. (p.89; Emphasis in original)
Many institutions in the economy act as ﬁnancial intermediaries ... . Yet, of these
ﬁnancial institutions, only banks have the legal authority to create assets (checking
accounts) that are part of the money supply. Therefore, banks are the only ﬁnancial
institutions that directly inﬂuence the money supply. (p.91)
The Fed controls the money supply indirectly using a variety of instruments. (p.95)
Such ambiguity seems to reﬂect the Mankiw’s ﬂawed application of the standard IS-LM
model on the case of the Great Depression. Application of the ﬂawed model only serves to
confuse, or even mislead at worst, the students and general readers. Despite the persistent
confusion among the economics profession, however, the empirical studies conﬁrm the veracity
of deposit creation theory under the fractional reserve banking systems (Werner, 2005, 2016;
Yamaguchi, 2021). Should economic theories be grounded on the exogenous money or endogenous money? The answer is clear as this paper have demonstrated. If the macroeconomics is
to be saved from the century-old confusion and obscurantism, a new generation of economists
must incorporate the paradigm shift of dynamic endogenous money analysis.

Conclusion
The Keynesian short-run IS-LM model, which is built on the exogenous money and ﬁxed price
assumptions, is shown to be no longer applicable to explain economic recessions such as the
Great Depression, simply because our economy is operating under the fractional reserve banking
38

system where money is created and destroyed endogenously against private bank loans. It is
then demonstrated that the endogenous money IS-LM model of the debt money system is shown
to produce behaviors consistent with the data observed during the Depression. Speciﬁcally, the
endogenous money spending hypothesis, which integrates the spending hypothesis as proposed
by Keynes and money hypothesis as originally proposed by Fisher is shown to capture the
previously unexplained behaviors of the Great Depression. Macroeconomic theories must be
rebuilt on this integrated framework that allows the endogenous money analysis. A shift from
the old paradigm that has dominated the ﬁeld for nearly a century is emphasized accordingly.
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Appendix 1: The Great Depression Data in Graphs
Figure 19 below shows the time-series from Figure 5 in graphs. As explained in Section 3.2, the
real interest rate (red line) is obtained from the nominal interest rate and inﬂation data based
on the Fisher equation. Accordingly the real interest rate shown in Figure 19 corresponds to
ex post rather than ex ante real interest rate.

Figure 19: Key Macroeconomic Variables during the Great Depression (1929–1940) in Graphs
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Appendix 2: Simulation Results – All Cases
Figure 20 and 21 show the results of all simulations from the case 1 (ﬁxed price, exogenous
money) to case 4 (ﬂexible price, endogenous money) model. Spending hypothesis under case

Figure 20: Simulation Results of IS-LM Case Analysis on the Great Depression (1 of 2)
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Figure 21: Simulation Results of IS-LM Case Analysis on the Great Depression (2 of 2)
1 is shown by line 1 (blue). Money hypothesis in case 1 is shown by line 2 (red). Spending
hypothesis in case 2 is shown by line 3 (green). Money hypothesis in case 2 is shown by line
4 (pink). Spending hypothesis in case 3 is shown by line 5 (light blue). And the spending
hypothesis in case 4 is shown by thick line 6 (orange).
Line 1 and 2 (case 1) are discussed in the Section 3.2. Line 3 and 4 (case 2) corresponds
to the simulations discussed in Section 3.5. Line 5 (case 3) was discussed in the Section 5 and
line 6 (case 4) is discussed in the Section 4.3. Note that behaviors of nominal and real interest
rates are identical in case 1 and 3 since price level P is assumed to be ﬁxed in both cases.
Figure 22 below (next page) captures a simulation panel where users can implement customized scenarios with diﬀerent parameter assumptions by moving sliders. The model was
developed by the authors of the current paper and will be published by Japan Futures Research Center as an open source model for educational purposes. The copyrights belong to the
developers accordingly.
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Figure 22: A Simulation Panel View of the Endogenous Money IS-LM Model
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