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The IS-LM Model: a Graphical and Mathematical Exposition

lan St John

Abstract

The IS-LM model has been extensively used in the teaching of macroeconomics since the late
1930s. This paper explains the assumptions and mechanisms of a simplified version of the
model in the context of a closed economy with no government sector. The exposition is
conducted both diagrammatically and in terms of the fundamental equations. Equilibrium
conditions are established for the goods and financial sectors of the economy and for the
economy as a whole. A series of comparative static results are then deduced. Neoclassical
interpretations of the model are then presented. Finally, the use of the model is illustrated
through reference to debates concerning the origins of the Great Depression in America in the
years 1929 to 1931.

Since its formulation in 1937, the IS-LM Model has been the most widely used model
in macroeconomics, and probably all of economics if basic demand and supply curves
are exempted. It was developed in 1936 by the British economist John Hicks to make
sense of Keynes’s recently published General Theory of Employment, Interest, and
Money for a conference of econometricians in Oxford. The paper was published in
Econometrica the following year as ‘Mr Keynes and the Classics’.” Several versions

T John Hicks, ‘Mr. Keynes and the Classics’, Econometrica (Vol. 5., April 1937), pp. 147-159.
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of varying complexity have subsequently been developed. Here we present a
simplified version, using both diagrams and algebraic expressions.’

Assumptions of the Model

The following assumptions are made in generating our model.
1. A closed economy with no foreign trade.

2. There is no government sector.

3. There is spare capacity in the economy — there are unemployed resources and
factories can increase output. Prices are constant and we can assume that P = 1, in
which case money output Y = Py is the same as real output (y), where y equals the
total quantity of goods produced. In other words, we consider the economy’s supply
of total output curve is perfectly elastic up until the point of full employment. Output is
then determined by demand alone.

Price Aggregate
Level Supply
P=1
o Yo YF Real Income Y

Figure 1. Demand for Output determines Real Output up until Full Employment Output
YF with Prices Constant at P =1

This diagram shows how the IS-LM model determines output at any point between
the origin and full employment output YF. Prices are constant at P = 1 and there is
always spare capacity. Yois one-such equilibrium level of output determined by model.

4. We assume that the economy has two sectors: a real sector producing goods and
services and a financial sector consisting of a demand and supply of money.

"In preparing this paper | have particularly used R. Levacic and A. Rebmann, Macroeconomics: An
Introduction to Keynesian-Neoclassical Controversies (Macmillan, London, Second Edition, 1982) and
M. Parkin and R. Bade, Modern Macroeconomics (Philip Allan, Oxford, 1982).
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Definitions

The Keynesian model upon which the IS-LM model rests is defined by some
fundamental identities.

E=C+1

Where E is total spending in the economy (Aggregate Demand), and C is planned
Consumption spending by households and I is planned Investment spending by firms.
That is, all spending in the economy consists of Consumption spending and
Investment spending.

Y=C+S

Where Y is Total Income or Output and all income is received by households and is
either spent by households as planned Consumption (C) or saved as planned Saving

(S).

Equilibrium exists in the economy when the planned output of firms (Y) is equal to the
planned spending of households and firms (E). That is:

Y=E
C+S=C+1
S=1

So the economy is in equilibrium, when total national output has no tendency to
change, when Planned Saving = Planned Investment.

This equality between Investment and Saving when the economy is in equilibrium is
the key to the IS curve.

Equilibrium in the Goods Sector: The IS Curve

An IS curve shows all combinations of interest rates and real income at which
Investment = Saving and the real economy is in equilibrium and total injections equal
total withdrawals. To see how the curve is arrived at, we begin with the investment
function.

The Investment Function

Investment is assumed to be a function of two things. First, we assume that there is
a level of Investment which is autonomous and determined outside the model. It is
the amount of Investment that firms will undertake when the interest rate is zero. We

designate this Io. We might think of this as the investment arising out of the ‘animal
4
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spirits’ of investors, their sense of how good or bad future business prospects will be.
Second, the rate of interest. When contemplating an investment decision, a firm will
compare the expected rate of return on the investment (what Keynes called the
Marginal Efficiency of Investment) with the rate of interest at which money can be
borrowed. The lower the rate of interest at which money can be borrowed, the larger
the number of investment projects that become profitable — and hence the larger the
amount of investment. Hence we can state:

I=Io-bi

where I is total investment, Io is autonomous investment, b is a measure of the
sensitivity of investment plans to changes in the rate of interest (i). It is assumed that
investment is relatively insensitive to changes in interest rates. Keynes believed that
a fall in interest rates would not significantly increase investment: firms were more
swayed in their investment decisions by their instincts and expectations (animal spirits)
than they were marginal changes in the rate of interest. Hence b < 1 and closer to 0
than to 1, say 0.2. Nonetheless, by combining the exogenous and interest-rate
determinants of investment, we conclude that planned Investment is inversely related
to the interest rate: when the rate of interest falls Investment increases and vice versa.
The Investment function can be drawn as follows.

Interest
Rate i

Investment

Io Investment

Figure 2. The Investment Function

Io is the amount of investment firm’s wish to undertake when the interest rate is zero.
As the interest rate rises, so does the planned level of investment decline. The
investment demand line is relatively inelastic: as the rate of interest rises, investment
falls relatively slowly since Keynes assumed investment was insensitive to changes in
the interest rate.

A Haberdashers’ School Occasional Paper. All rights reserved.



The Saving and Consumption Functions
In our simple Keynesian model, saving is a function of income:
S =S(Y)

To understand the relationship between income and saving, we need to specify the
relationship between consumption spending and income. One of the central
components of Keynes’s analysis is the Consumption Function. Keynes argued that
as a person’s income increased they would increase their spending, but that their
spending would not increase by as much as their income. That part of their increased
income that they did not spend became Saving. The Consumption Function can be
expressed in linear form:

C=Co + ci1(Y)
Where:
C = Total planned Consumption.

Co = the that amount of consumption spending a person does when their income is
zero. This may be financed by selling assets or drawing upon their savings. Hence it
is equivalent to dissaving.

c1 = the share of any increase in income that is spent in consumption. This is the
Marginal Propensity to Consume (mpc). 0 < c1< 1.

Y = Total Income

From the Consumption Function we can derive the Saving Function:
S =-Co + s(Y)

Where:

S is total planned Saving

-Co = Dissaving

s = (1-c1) = Marginal Propensity to Save (mps). 0 <s< 1.

We are now in a position to derive the IS curve.

The IS Curve

As noted, the IS curve traces all combinations of the interest rate and total income
(output) at which the real goods sector of the economy is in equilibrium (where | = S).
We have already seen that:

Y=C+I
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Given that:

C=Co + ci1(Y)

I=1Io-bi

Then:

Y =[Co + c1(Y)] + [Io — bi]

To express Y as a function of the interest rate (i) we re-arrange this equation as follows:
Y — c1Y = Co + Io — bi

Y(1—c1) =Co + Io - Dbi

_Co+Io—bi
- 1-c1
1 b .
Y=E(CO+IO)—E1 (1)

This expression gives us national income (Y) as a function of the level autonomous
spending (Co + Io) and the rate of interest (i). As the rate of interest rises, national
income falls because as interest rises investment falls. We can re-arrange this
expression so that the rate of interest is a function of the level of national income:

1 b .

Y- —(Co+Io)= ——

1-c1 1-c1

1

' Y T—c;(Co + o)
1= ~ — b

1-c1 1-c1
. Y(1-c1) 1 (1—c1)
i=———+ —1_C1(C0 + Io)—b

. 1-c1 Co+lo
1= -Y[ ] +

b b

. Co+lo [1—c1]

1= Y b (2)

Thus, we have derived the interest rate as a linear function of the level of national
income, Y. This is the equation of the IS curve. If we take the partial derivative of
interest i with respect to a change in Y we can easily see that the IS must have a
negative gradient:

ﬂ_i(CoHo . Y[l—cl])_ [1_c1]
Y dY\ b b R

Since (1 — c1) and b are both positive, 9i/dY < o.
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Interest Co+lo
Rate i

Gradient
1-c1
b

IS (i.e. I1=8)

National Income Y

Figure 3. The IS Curve

To understand an IS curve it is essential to grasp that the relationship between interest
rates (i) and national income (Y) is not a behavioural one. That is to say, one must
resist thinking of it as being like a demand line, where a fall in price leads to an increase
in demand. The line does not show that interest rates determine income or vice versa.
Rather, it simply shows combinations of interest rates and income at which investment
= saving and the goods sector of the economy is in equilibrium. The line is an
equilibrium line.

Co+I
The position of the IS curve is determined by the intercept %. Co is autonomous

consumption and Io is autonomous investment. A change in autonomous spending
will shift the IS line. Holding interest rates constant we see, from equation (1), that:

AY = —— A(Co + I0)
1-c1

Which can be written:

AY = L A(Autonomous spending)
mps

where 1/mps is the value of the multiplier.

Diagrammatically, this result is illustrated in Figure 4.
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Interest
Rate i

AA

IS1

National Income Y

Figure 4. A Shift in the IS Curve

In Figure 4 the change in autonomous spending is AA and the resulting change in
equilibrium income is AY. The ratio AY/AA is the value of the multiplier.

The gradient of the IS line depends on how much Y changes for a given change in the
interest rate i. Referring again to equation (1), now holding autonomous spending
constant, it follows that:

b_Aj

1-c1

AY = —

The larger is b, the more sensitive is investment to a change in the interest rate and
the greater will be the change in Y. Similarly, if the marginal propensity to consume c1
is relatively high then the multiplier (1/1-mpc) will be high and a change in interest
rates will have a large effect on Y. In these cases the IS line will tend towards being
flat and a change in interest rates will have a large affect upon output Y. By contrast,
if b is small and/or the multiplier (1/1-c1) is small, then a change in interest rates will
have a small effect upon Y and the IS line will have a steep slope. Thus, the effect of
a change in interest rates upon output depends upon the sensitivity of investment to
interest rates and the value of the multiplier. Keynes assumed that investment was
relatively inelastic with regard to interest rates but that the multiplier was relatively
high.

To summarise. The IS line shows combinations of interest rates and income at which
planned investment in the economy equals planned saving. When the rate of interest
is high, equilibrium income Y will be low; and when interest rates are low, equilibrium
income will be high. Why is this? The reason is that, when interest rates are high then
investment will be low. For equilibrium to exist, then planned saving must be low too
since I =S. Saving is a function of income, so if saving is to be low then income must
be low. Essentially, when investment is low then income will contract, bringing down

9
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saving, until the planned saving of households is equal to the planned investment of
firms. In the Keynesian system it is income that adjusts to bring saving into equality
with any given level of investment. Similarly, if investment is high then saving must be
high, and income will be high in order to bring that high level of planned saving about.
Any point along the IS line is a possible equilibrium position. As such, an IS line cannot
determine the actual equilibrium level of income. To arrive at this we must introduce
the financial or monetary sector of the economy.

Equilibrium in the Financial Sector: The LM Curve

The financial sector is assumed to consist of two assets: money and bonds. Money
is perfectly liquid and can be used immediately for any transaction. But it carries no
rate of return, cash balances earning no interest. Government bonds are imperfectly
liquid: to be used to carry out a transaction they must first be sold. However, they
bring a fixed income and for this reason command a price. The yield of a bond is:

Annual Income

Yield =

Current bond price

Since the bond income is fixed, the yield of bonds (the interest rate) varies inversely
with the price of bonds. [f the price of bonds rises, the rate of return on bonds declines
and vice versa.

The Demand for Money

According to Keynes, there are two reasons why people wish to hold money balances:
a transactions demand for money and a speculative demand for money.

Transactions Demand

The transactions demand for money is a demand for money arising out of people
needing to hold cash to fund their day-to-day purchases. It is the money people hold
as cash in their homes, wallets, and in chequing deposits in the bank. This demand
for money is a function of the volume of transactions. Hence we assume that:

Transactions Demand = f(Y)

The higher the national income, the more money people will wish to hold to finance
transactions.

Speculative Demand

This is demand for money held as a financial asset. In our simple model financial
assets consist of cash and bonds and investors’ portfolios will consist of holdings of

cash and bonds in varying proportions. Why will investors want to hold cash at all
10
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given it carries no return? The answer is that cash (unlike bonds) is perfectly liquid. It
also cannot fall in price and therefore there is no risk of a capital loss (again, unlike
bonds). Since we are assuming prices are constant, money also cannot lose real
value due to inflation. Hence a wealthy investor will have some assets as bonds and
some assets as cash (liquidity).

This speculative demand for money is inversely related to the interest rate. \When the
price of bonds is low and interest rates high, then demand for cash balances will be
low since the opportunity cost of holding cash in terms of bond-yield forgone will be
high. Also, since bond prices are low, their next move in price is likely to be up, so
buying bonds creates the possibility of a capital gain. For this reason, too, people will
want to reduce their cash-balances and buy bonds. By contrast, if bond prices are
high and interest rates low, then the demand for cash balances will be high because
the opportunity cost of liquidity in terms of interest forgone will be low and, since bond
prices are high, their next move may well be down, leaving the holder with a capital
loss. Thus:

Speculative Demand for Money = f(i)

where i is the rate of interest on bonds and the function is an inverse one. Holding
real income (Y) constant, the speculative demand for money can be illustrated as
follows.

Interest
Rate i

L = Demand for Money

Quantity of Real Money Balances

Figure 5. The Liquidity Preference Schedule
As the rate of interest declines, the real demand for money balances increases.

In a simple Keynesian model the supply of money (Ms) is assumed to be determined
exogeneously by the monetary authorities. It is thus fixed at some certain amount at
any given time. By combining this fixed supply of money with the downward sloping
demand curve for money we arrive at an equilibrium rate of interest ie where the
demand for money is equal to the supply of money at a given level of income Y.

11
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M
Interest s Ms1

Rate i

ie [

ier |-

L = Demand for Money

Q Q1 Quantity of Real Money Balances

Figure 6. The Demand and Supply of Money and Equilibrium Rate of Interest

In this diagram, the equilibrium rate of interest ie is the rate at which the supply of
money (Ms) equals the demand for money (Md = L) for a given level of income Y. At
this rate of interest, the amount of money the monetary authorities issue (Q) is equal
to the amount of money firms and households wish to hold (Q). If the quantity of
money issued were to increase to Q1 and the Ms line shift to the right to Ms1, then at
the rate of interest ie the amount of cash balances people are holding would exceed
the amount they wish to hold. People would buy bonds with the surplus cash. This
increases demand for bonds, raising their price and lowering the rate of interest. As
the rate of interest falls, people’s demand for cash balances would increase. This
process continues until the demand for money increases to the new, higher, supply
Q1, at a new lower rate of interest, ie1.

As noted, this demand for money schedule is drawn for a given level of income Y. If
income (output) were to increase then, due to the transactions demand for money,
the demand for money at any given interest rate would increase. Thus, the Md = L
schedule would shift to the right or upwards. This is shown below.

12
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Interest
Rate i

iel

Q Qi Quantity of Money

Figure 7. A Shift in the Liquidity Preference Schedule

In this diagram, the demand and supply of money are initially equal at Q with a rate
of interest ie. National income then rises, increasing the transactions demand for
money. The effect of this is to shift the demand for money schedule from L=Md to L1
= Md1. At interest rate ie the demand for money increases from OQ to OQ1. People
wish to hold more cash than the available supply. To increase their holdings of cash,
they sell government bonds. As they sell bonds the price of bonds falls and the rate
of interest rises. The higher interest rate reduces the speculative demand for money
(since the opportunity cost of holding money in interest forgone has increased). The
rate of interest continues to rise until the speculative demand for money has fallen
sufficiently for the demand for money to once again be equal the fixed supply of
money OQ. Equilibrium is restored but at an increased rate of interest, namely ie1.

Combining the transaction and speculative motives for holding money we can say:
Md =L =L(Y, 1)

This states that the demand for money or liquidity is a function of the level of national
income (Y) and the interest rate (i).

Since dL/dY > o and dL/di < o, we can write:
Md = 1Y — fai

Here f1 and f2 show the responsiveness of demand for money to changes in Y and i.
An increase in Y raises the demand for money; an increase in i reduces the demand
for money.

We can now specify the LM curve. The LM curve shows all those combinations of
the rate of interest and the real level of national income at which the demand for
money and the supply of money are equal. It represents all combinations of output

13
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and interest rates at which the financial sector of the economy is in equilibrium. The
LM curve is illustrated below.

Interest
Rate i LM (Md = Ms)

National Income Y

f1

Figure 8. The LM Curve

At all points along the LM line the demand for money (L) is equal to the supply of
money (M). Like the IS line it is simply a line of equilibrium positions in the money-
market; it does not show a causal relationship between Y and i. The LM line has a
positive gradient because, as national income Y rises the demand for money rises, so
to keep total demand for money equal to the fixed supply of money the rate of interest
i has to increase and vice versa. The equation for the LM line can be derived from
the demand for money equation given above:

Md = fiY — fai

Since, in money-market equilibrium, Md = Ms, then:
Ms = f1Y — fai

Re-writing Md and Ms simply as M, then:

M = fiY — fai
fi¥ =M + fai
Y= (M (@) (3)

Thus, we have a linear equation, with intercept on the Y line at M/f1 and a gradient of
fa/f1. As the rate of interest rises (reducing the speculative demand for money), the
level of national output Y has to increase so as to raise the transactions demand for
money in order to keep the total demand for money equal to the supply.

14
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The position of the LM line depends upon M/fi. Holding the rate of interest constant,
it follows that, if the money supply changes by AM, then national income will rise by
AY as follows:

AY = = AM
f1

In terms of Figure 8, this can be represented by a shift of the LM line to the right since
the intercept point M/f1 has increased. For a given interest rate, if the money supply
M increases the real level of income must increase to raise the transactions demand
for money and ensure that Md = Ms. By contrast, if the money supply falls while
interest rates are held constant, then the LM line shifts towards the origin and the level
of output Y will fall, and with it the demand for money.

The gradient of the LM line reflects the relationship between a change in the interest
rate and the level of Y. Holding the money supply constant at M and changing interest
rates alone, then our equation for the LM line becomes:

AY = 2 A
f1

This shows that the effect of a change in the interest rate on real output Y depends
upon the ratio f2/f1, where f2 is the sensitivity of speculative demand for money to a
change in the interest rate and f1 is the sensitivity of the transactions demand for
money to a change in income. If f2 is high relative to fi then a change in the rate of
interest will yield a large change in total output and the LM curve will be relatively flat.
We can easily see why this should be so: if a rise in the interest rate causes a
significant fall in the speculative demand for money, and if the transactions demand is
relatively insensitive to a change in income, then national income will have to rise a lot
to maintain the demand for money equal to the unchanged supply. By contrast is the
ratio f2/f1 is low, then a change in interest rates will have a limited effect upon output
and the LM curve will be steep.

Equilibrium in the Goods and Financial Sectors: the IS-LM Diagram

Combining the IS and LM functions we can determine the equilibrium level of interest
rates and national income for the economy as a whole. The IS line shows possible
equilibrium points in the real economy, where Investment = Saving. The LM line
shows possible equilibrium points in the financial sector where Demand for Money =
Supply of Money. There is one combination of interest rate and income where both
markets are in equilibrium simultaneously and these are the equilibrium values for the
model. This is illustrated below.

15

A Haberdashers’ School Occasional Paper. All rights reserved.



16

Interest
Rate i LM (Md = Ms)

IS(1=5)

Y1 Ye Y2 National Income Y

Figure 9. Equilibrium Income and Interest Rates in the IS-LM Model

In this IS-LM diagram, the equilibrium rate of interest is ie and the equilibrium national
income is Ye. At this point both the money markets and real goods markets are in
simultaneous equilibrium and investment, savings, national income, interest rates, and
the demand and supply of money, are all consistently determined.

To see that ie and Ye are the equilibrium combination of interest rates and output,
suppose that the income level is in fact Y1. At this level of income the transactions
demand for money will be lower, and for the demand for money to equal the (fixed)
supply, the speculative demand for money must be higher, which in turn means that
interest rates must be lower. Thus, when income is Y1, equilibrium in the financial
sector occurs at the lower interest rate i1. However, while the money-sector is in
equilibrium at point a the real-goods sector is not. Point a is clearly not on the goods-
sector equilibrium line IS. At the lower rate of interest i1 investment will increase. If
investment is higher, then national income must rise, since saving is a function of
income, and if saving is to increase to the higher level of investment, total income must
increase. In the diagram, when the rate of interest is i1 then I = S when income is Y2
— which of course is far higher than Y1. So, while the money market is in equilibrium
at point a, the goods sector is not. How is equilibrium established? As we have noted,
when the interest rate falls from ie to i1, then investment will increase since firms will
find new investment projects have become profitable at the lower rate of interest. A
rise in investment will raise Y via the multiplier process. Savings will begin to rise
towards the higher level of investment. At the same time, as the economy grows then
the transaction demand for money will increase and as the demand for money rises
so will interest rates increase. As interest rates increase, firms begin to scale back
investment plans and investment begins to decline towards saving. Thus the economy
moves towards ie/Ye along the LM line. This process ends at the original rate of
interest ie where both goods and financial markets are both in equilibrium again.

16
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By contrast, suppose the level of income is Y2 and the rate of interest is i1. In this case
the real economy is in equilibrium as I=S, but the money economy is not: with a high
level of income the transactions demand for money will be high and to bring total
demand for money into line with the fixed supply of money, then interest rates will need
to be high to reduce the speculative demand for cash balances. As the money-market
interest rate rises so do investment, savings and income decline, while the level of
income at which the demand for money equals the supply of money will rise. Again,
both markets will only be in equilibrium at the initial interest rate-income combination
of Ye/ie.

In their Macroeconomics: A European Perspective, Blanchard, Amighini, and Giavazzi
develop the equilibrium conditions for the 1S-LM diagram algebraically.” Here we
elaborate a simplified version of their solution.?

First, we know that in the goods market:
Y=C+1

Which is more fully expressed as:

Y =Co + ciY + o — bi

This can be rearranged as follows:

Y -c1Y =Co + Io— bi

Y(1—-c1) =Co + Io—bi

1 .
Y= E(CO + Io — bi) 1)

In the financial sector, we have seen that the demand and supply of money (M) equals:
M = f1iY — fai

Hence:

f2(i) = iy - M

i=—(fiy - M)

Inserting this expression for i into our equilibrium condition for Y (4), we have:

1 b
Y—E[CO + lo- 2 (f1y - M)

T 0. Blanchard, A. Amighini, and F. Giavazzi, Macroeconomics: A European Perspective (Pearson,

Harlow, 2013), pp. 104-07.

2 Blanchard, Amighini, and Giavazzi do not show all the algebraic reasoning behind their results. In

constructing the algebraic proofs underlying their theorems | have very ably assisted by Jinjing Ouyang.
17
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1 bfitY bM
Y= [Co+To———=+—]
1-c1 f2
bf1Y
bM 2
Y=——[Co+Io+—] —
bf1Y
Y+ 22— [CO + 1o + 2|
1-c1  1-cl
bfi
Y1+ -2 |- [CO+Io+—]
1-c1| 1-c1
_1—c1+%
Y [Co + Io +
1-c1 | 1-c1
Y= - [CO+IO+E
- bf
1-c1l+ f21
1-c1
C0+Io+bf—M
Y=— 2
bf1
1-— C1+—
bM
Y:—[Co + lo + —
1 cl+b—f1 f2
1 1 bM
Y=—-=[Co+I0] + — = —
1—c1+¥ 1-c1+ 2L f2
2
b 1
Y= M + [Co + Io]
f2[1-c1+ 2] pit
b

1
= M + Co + 1o
f2(1-c1)+bf1 1—c1+ bf_gl[ ]

1
) +
F(l—cl)+f1 (1-c1) +

bfl [Co + Io]

18

(5)

What this expression for Y tells us is that the equilibrium level of national income (and
real output) is determined by the money supply M and the level of autonomous
spending, Co + Io. The other terms are all parameters of the model. If the money
supply increases then national income will rise since an increase in the money supply
will lower the rate of interest and so stimulate increased investment and hence initiate
a multiplier process. And if autonomous consumption or investment increase then the
IS line will shift out, meaning that for a given rate of interest national income must be

higher if investment is to equal saving.
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If we take the equilibrium condition for Y:

Y =Co + ci(Y) + Io—bi

and this time insert this into the equation for the LM curve:
M = f1iY — fai

then we can derive an equation for the equilibrium level of interest. Once again, we
begin by making Y the subject of our equilibrium equation:

1 .
Y= E(CO + Io — bi)

Now substitute this into our LM equation:

(Co+lo—bi)] _ i

M :fl[ 1-c1

f1b1 (C0+Io)

f1bi
1-c1

[ﬁ+f2 [(C0+Io)] M
1-c1

(Co+lo)
1-c1

+f2i:f1[ ]—M

.[(Co+Io)]
._fl 1—c1 ] M
1= [f1b

1-c1

[ 2]

1 1 f1(Co+Io)
] T TR e

+f2]

1-c1 1-c1
1 f1(Co+Io)
1= [f1b fz] M) +fprza-c) 1—c1
1-c1 1-c1
. 1 M) 1-c1 f1(Co+lo)
= (- +
' [flb +f2] fib+f2(1-c1) 1-c1
1-c1
1 f1(Co+Io)
1= b M)+ i
[1—c1 fz] (e
(Co+Io)
b= ot M e T
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1= [ fib
1-c1

M +

+2] b+£—i(1—cl)

(Co + I0) (6)

From this expression we see that the equilibrium rate of interest (i) is inversely related
to the supply of money M and positively related to the level of autonomous spending
(Co + Io). If the money supply increases then the equilibrium interest rate will fall,
raising the speculative demand for money to the new higher level of M. And if
autonomous spending increases, so the transactions demand for money will increase,
causing interest rates to rise so the speculative demand for money falls sufficiently to
keep total demand for money equal to the (fixed) supply.

Comparative Static IS-LM Results

Having constructed our IS-LM diagram, we can explore what happens to national
income and interest rates when any of the parameters of the model change.
Comparing equilibrium positions in such a manner is known as comparative static
analysis.

Shifts in the IS Function

Suppose that business-people become more optimistic about the future prospects of
the economy. Keynes characterised this as a rise in ‘animal spirits’. This means that
the expected future return on all levels of investment will rise. Given that our
investment function is:

I=Io-bi

this is tantamount to an increase in Io from Io to Io1. The effect of this will be to cause
the marginal efficiency of investment curve to shift from MEI to MEI1.
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Figure 10. A Shift in the Investment Schedule

Thus we see that planned investment has increased at every level of interest. Since
investment has increased and savings have not, then investment exceeds saving and
the goods sector of the economy is not in equilibrium since I > S. Injections exceed
leakages and national income will rise via the multiplier. As national income rises,
savings increase since S = f(Y). However, this rise in income impacts on the money
market. Rising income increases the transactions demand for money. Give that the
supply of money is assumed constant, this means that interest rates must rise. This
is the situation depicted in diagram x, where the equilibrium rate of interest rises from
ie to ie1. This rise in the rate of interest occurs to ensure that the financial sector
remains in equilibrium. Now as interest rates rise, so will firms begin to scale back
their investment plans as they move up the MEI1 line. So now two things are
happening to bring the real economy back to equilibrium: income has been rising,
raising savings towards investment; meanwhile interest rates are rising causing
investment to fall towards savings. Due to this process the real economy is restored
to equilibrium where I=S. The net result is depicted in Figure 11.
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Figure 11. The Effects of a Shift in the IS Curve

The economy is initially in equilibrium at interest rate ie and level of national income
Ye. Both the financial and real-goods sectors are in equilibrium, withI =S and L = M.
The IS line then shifts to the right due to the rise in investment. At any given interest
rate, income must be higher to bring the level of saving up to the new higher level of
investment. With an interest rate of ie the goods economy is in equilibrium at level of
national income Y1. But as income rises, the financial market ceases to be in
equilibrium as the demand for money at any interest rate is rising. In the money market
interest rates rise as people sell bonds to increase liquidity. As interest rates rise, so
investment falls and hence so does the level of national income necessary for
investment to equal saving. The economy is moving up the IS line. The equilibrium
level of interest rates and income necessary for both the goods and financial markets
to be in equilibrium is ie1/Yei. At this pointI =S and L = M. The economy is once
more in equilibrium. Thus, the effect of an increase in autonomous investment has
been to raise real output, raise planned saving, and raise the rate of interest.

If we were to start at the new equilibrium point ie1/Yei and imagine that, say,
consumers become more pessimistic and autonomous consumption Co falls, then
given that the intercept of the IS line occurs at (Co + Io)/b on the vertical axis, the IS
line will shift inwards from IS1 to IS. The fall in autonomous spending means that, at
the original interest rate ie1, planned withdrawals exceed planned injections. National
income starts to contract to bring savings into line with the new lower level of
exogenous spending. As income falls, so does demand for cash balances for
transaction purposes. People find themselves holding more cash than they wish and
will buy bonds. Buying bonds raises the price of bonds and lowers the rate of interest.
As the rate of interest falls the speculative demand for money rises, so raising the
demand for money back towards the fixed supply of money. At the same time, falling
interest rates promote greater investment, off-setting some of the initial fall in
autonomous spending and diminishing the fall in income required to bring equilibrium
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back to the goods market. The economy ends up at equilibrium point ie/Ye. The net
effect of a fall in autonomous consumer spending is a lower level of national income
and lower interest rates.

We can confirm these results algebraically. Let us write down again our equilibrium
equation for Y:

1 1

= + Co+1
Z(1-c1)+f1 (1—c1)+bf—21[ 0 +1o] ()

For a shift in the IS function we hold money supply M constant. Co and Io are both
forms of aufonomous spending (A). If we re-write Co + Io = A, then change Co or Io
of both we have:

AY=———AA
(1—C1) + Tz

Since c1 is the marginal propensity to consume and less than 1, it follows that the
denominator in this expression is positive since b, f1, and f2 are all positive. This
means that an increase in autonomous spending A (an outward shift in the IS line) will
raise national income Y, and a fall in autonomous spending (inward shift in the IS line)
will reduce national income.

In like manner, given that:

-1

1= fib M + 2
[1_C1+f2] b+(1—c1)

(Co + I0) (6)

then, if we again hold money supply M constant:

1

Al=—fF——
b+ (1-c1)

This shows that an increase in autonomous spending (a shift outwards in the IS line)
will raise the equilibrium interest rate, while a fall in autonomous spending (shift
inwards of the IS line) will reduce the rate of interest — confirming our earlier
diagrammatic conclusions.

The ratio of the change in equilibrium income to the change in autonomous spending
A is the multiplier:

AY 1
AA (1-c1) +bf—21

In basic Keynesian models the multiplier is equal to 1/(1 — mpc). However, because
the IS-LM model also incorporates a financial sector, the multiplier also depends upon
f1 (which is the response of the transactions demand for money to a change in real
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income Y), f2 (which is the response of the speculative demand for money to a change
in the interest rate), and b (which is the response of investment to a change in the rate
of interest). So, if we imagine an increase in autonomous investment Io, then the size
of the multiplier effect of this increase on national income will be greater the higher is
the mpc (c1), the lower is b and f1, and the higher is f2. To picture this: a rise in
investment will trigger a multiplied growth in income; as income rises, then demand
for money rises according to fi, and this causes interest rates to rise, lowering
investment according to the value of b. If a small rise in interest rates reduces the
speculative demand for money to offset the increased transaction demand (i.e. if f2 is
high), and if the responsiveness of investment to a change in interest rates is low (i.e.
b is small), then the multiplier effect of an increase in investment will be quite high.
This is the standard Keynesian assumption.

Shifts in the LM Function

Suppose the monetary authorities wish to initiate a monetary expansion by increasing
the supply of money through the purchase of government bonds. The initial effect of
this decision is felt in the financial sector. As we saw in Figure , the effect of increasing
the money supply is that the supply of money exceeds the amount of money people
wish to hold at the initial interest rate and real income: Ms > Md. People respond by
buying bonds, which yield them a rate of return. As they buy bonds, the price of bonds
rises and the rate of interest falls. With falling interest rates the opportunity cost of
holding cash declines and the speculative demand for money increases. This process
continues until equilibrium is restored to the financial sector and Md = Ms. The rate
of interest has fallen at any given level of income and the LM curve shifts downwards.
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Figure 12. The Effects of a Shift in the LM Curve

In this diagram, the effect of the increase in the money supply has been to reduce
interest rates down from ie to i1. The LM line shifts down from LM to LM1. The
money market is in equilibrium at i1/Ye. But the real economy is not in equilibrium at
i1/Ye. With interest rates lower at i1 the investment plans of firms increase. To match
the higher level of investment, savings must increase, and the level of income
necessary to equate investment and savings when interest rates are i1 is Y2. As
national income rises from Ye towards Y2 so the transactions demand for money
rises. The demand for money increases relative to the supply and people start to sell
bonds to increase their cash balances. Selling bonds lowers their price and raises the
rate of interest. With interest rates rising, investment plans are scaled back and the
level of income required to bring savings into line with investment falls from Y2. This
process continues until the economy arrives at the equilibrium position ie1/Ye1. At
this combination of interest rates and real income the demand for money equals the
supply of money and investment equals saving. The ultimate effect of an expansionary
monetary policy has been to lower the rate of interest and increase real output.

What happens if the monetary authorities sell bonds and tighten the money supply?
The immediate effect is to reduce the supply of money relative to the amount of cash
balances people wish to hold. The money-market is in disequilibrium. Households
respond by selling bonds to replenish their holdings of cash. By selling bonds they
cause the price of bonds to fall and the yield on bonds to rise. As the yield on bonds
rises so the speculative demand for cash declines. This process continues until the
rate of interest rises sufficiently to lower the demand for cash to the new, lower, supply
of cash. This is illustrated in the below diagram.
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Figure 13. The Effect of a Fall in the Money Supply

In Figure 13 the market for money is initially in equilibrium at the interest rate ie, where
the supply and demand for money are equal at OQ. The money supply then contracts
to OQ1. The demand for money exceeds the new supply and households sell bonds
causing the rate of interest to rise from ie to ie1. At this point Md = Mss. The rate of
interest at which the demand for money equals the supply has now increased at any
given level of national income. This is because, for a given level of income and hence
given transactions demand for money, the supply of money is less and hence the
interest rate must be higher to reduce the speculative demand for money to the lower
level of supply of money. In other words, the LM schedule has shifted upwards.

Interest
Rate i LM1

LM

i1

iel

ie

IS(1=5)

Yel Ye National Income Y

Figure 14. The Effects of a Shift in the LM Curve

In this diagram, the economy is initially in equilibrium at an interest rate of ie and a
level of national income Ye. The LM line then shifts up from LM to LM1. This means
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that at the initial equilibrium position, the money market is no longer in equilibrium
since at the level of income Ye the demand for money equals the supply of money at
interest rate i1. The interest rate begins to rise. As the interest rate rises, so the level
of investment falls, and so therefore does the level of income necessary to ensure that
savings equal investment. Also, as income falls, the transactions demand for money
falls and so the level of interest necessary to reduce the speculative demand for money
down to the lower supply of money falls as well. The economy arrives at the new
equilibrium interest ie1 and national income Ye1. Equilibrium is restored to the goods
and financial markets. The effect of tightening monetary policy has been to raise
interest rates and reduce national income.

These results can also be confirmed using our equation for the equilibrium rate of
interest:

-1

1=fp M+ —5
[1_C1+f2] b+(1—c1)

(Co + 10) (6)

If we assume that autonomous spending (Co + Io) remains constant and vary only the
money supply then:

Since the denominator is positive and the numerator negative, a fall in the money
supply (inwards shift of the LM line) will raise interest rates, and a rise in the money
supply (outward shift of the LM schedule) will reduce interest rates. The degree to
which a change in money supply changes interest rates is calculated as follows:

Ai -1

M [

The larger are f1, b, and f2 the smaller will be the effect of a change in the money
supply on interest rates. f1 is the responsiveness of change in the demand for money
to a change in income. If money supply rises, then people will buy more bonds, raising
the price of bonds and lowering interest rates. Lower interest rates increase
investment and hence income. If the rise in income significantly raises transaction
demand for money (f1) then people will need to sell bonds and interest rates will rise
other things remaining equal. Hence the fall in the interest rate will be less. Equally,
if b is high then investment will increase significantly, raising income and the demand
for money, so again prompting people to sell bonds and the interest rate effect of the
rise in the money supply will be less. Finally, if the speculative demand for money is
responsive to a change in interest rates (f2) then an in increase in money supply
leading to people purchasing bonds and pushing down interest rates will quickly cause
the speculative demand for cash to increase to the new higher money supply and the
interest rate effect will be muted of a rise in the money supply will be muted. A high
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mpc (c1) has the same effect: with a high mpc the multiplier effect of an increase in
investment will be high and this will raise the demand for transaction balances and so
the fall in interest rates necessary to cause people to hold more cash for speculative
reasons will need to be lower. Again the interest effect of an increase in the money
supply will be less. If we reverse these assumptions then, of course, an increase in
the money supply will cause a larger fall in interest rates.

Finally, given that:

1 1
Y= M + Co +1Io
Z(a-c)+fl (1-cl) + ot [ ] (5)

then if we hold autonomous spending constant, we have:

1

=5———AM
Z(1-c1)+f1

In which case the monetary policy multiplier is:

AY 1
AM %2(1—01)+f1

This equation shows how far a change in the money supply will bring about a change
in real national income. Keynes was sceptical regarding the capacity of monetary
policy to generate changes in total output. There were two reasons for this. First, he
believed that f2, the responsiveness of the speculative demand for money to a change
in the interest rate, was high — especially at low rates of interest. As the quantity of
money increases the economy tends towards a ‘liquidity trap’, where the speculative
demand for money is almost perfectly elastic with respect to a change in the money
supply. In this case, if the money supply increases, only a small fall in the rate of
interest will be sufficient to induce people to absorb the extra balances as cash. And
of course, if the interest rate is low, the price of bonds will be high and speculators will
be reluctant to buy bonds and face a potential capital loss. Thus, as the money supply
increases, interest rates fall very little and this, in itself, renders monetary policy a weak
vehicle for influencing the real economy. Second, as we have noted, Keynes believed
that the interest elasticity of investment (b) was also low. So even if monetary policy
succeeded in lowering interest rates, the impact on investment and hence aggregate
demand and real output would be small. Hence the ratio AY/AM would be small. It
is for this reason that Keynes was sceptical regarding the capacity of monetary policy
to effect recovery during the 1930s depression. The autonomous spending multiplier,
AY/A(Io + Co) was, he argued, a far more effective route to recovery.
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A Neo-Classical Interpretation of the IS-LM Model

So far we have analysed the IS-LM framework in terms of a Keynesian model of the
economy. Hence we assumed that there were unemployed resources and that the
price level remained constant whether demand was increasing or decreasing.
However, it is possible to interpret the IS-LM model along neo-classical lines. Neo-
classical economists assume that the economy will tend towards full employment in
the long run. They also assume that prices are flexible. If we introduce these
assumptions, the model’s predictions change significantly.

Determining Full Employment Output

For the neo-classical perspective, full employment output is fixed and determined in
the real productive economy.! To see why, assume that there are two factor inputs,
capital and labour, and it is the short run, so that only labour inputs are variable — with
the quantity of capital and technology both fixed. All labour inputs are identical. Thus:

Y=Y(N)

Where N is the quantity of labour measured in hours worked. Output is a function of
labour inputs. We assume that the Marginal Product of labour is positive, and that
labour is subject to diminishing marginal returns. In other words:

Y Y/(N)
—— O
N g
ZY rn
INZ - Y'(N) <o

The total output (Y) function generated by these assumptions is shown below.

!'For this section | have drawn upon P. Burrows and T. Hitiris, Macroeconomic Theory: A Mathematical
Introduction (John Wiley and Sons, Chichester, 1974), pp. 76-82.
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Figure 15. Total Output of an Economy in the Short-Run

The Y(N) line traces all possible levels of total output for an economy as the labour
input varies. Which will be the actual level of output of the economy? This is
determined in the labour market.

The real wage of labour is the money wage per unit of labour divided by the price level:

w
Real Wage Rate = ;

Assuming firms are profit-maximising, then they will all employ (homogenous) labour
until the marginal product of that labour is equal to the marginal cost of employing that
labour; i.e. until:

w dY ,

> = aN =Y'(N)

Because of diminishing marginal returns, the marginal physical product of labour
declines as more labour is employed, and hence the marginal product curve of labour
is downward sloping. This is shown as the downward sloping MPN = DN line in Figure
16. Since firms employ labour until the real wage equals the real marginal product of
labour, then as the real wage falls so will firms employ more labour, and as the real
wage rises they will want to employ less. Hence the MPN line is also the firm’s demand
line for labour, and summing all these demand lines for all the individual firms yields
the economy’s total demand for labour line, DN.
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Figure 16. Full Employment Equilibrium in the Labour Market

The supply curve of labour is upward sloping, which means as the real wage rises so
workers will want to supply more hours of labour to firms in the short-run. This is
because supplying an hour of labour brings disutility to the worker, where the disutility
is the hour of leisure time they must give up if they work. Against this disutility of work
is the positive utility the worker gains from an increase in their real earnings. Hence,
any given worker j will want to supply labour until:

oDj _ w

aNj  p

This expression means that any given worker will supply labour until the marginal
disutility of the last hour works equals the real wage of that hour. Hence, if real wage
rates rise, workers will want to supply more labour, and if real wage rates fall, they will
want to supply less. It follows that the total supply curve of labour Ns in Figure 16 is
upward sloping.

By combining the demand and supply functions for labour we arrive at the labour
market equilibrium real wage w/p where the amount of labour workers wish to supply
(Nf) is equal to the amount of labour firms wish to employ (Nf). If real wages diverge
from the equilibrium w/p the classical theory assumes that the labour market will adjust
to restore equilibrium and there will be full employment at the equilibrium wage in the
sense that everyone who wishes to work at the equilibrium wage has a job and there
is no unemployment.

By determining the full employment labour input in this way, we simultaneously
determine full employment national income YF from the economy production function
Y(N). This is shown below.

31

A Haberdashers’ School Occasional Paper. All rights reserved.



32

Labour (N)

Real
Wage Ns
A ™,
,
A R
Y
h ,
hY
A x
P U
I
1 Y
I AN
| Y
1 ,
1 AN
I ™, MPN = DN
i *,
1 Y
0 : :
\ Nf Quantity of Labour N
:
Output Y !
I —
Y === - + — T Y(N)
Af A
1
1
1
]
I
i
]
1
1
."l.l i
I
.'"Il !
! I
| 1
| 1
1
1
1
|
o »
o Labour (N)

Figure 17. Determination of Full Employment National Income

This figure shows how the determination of full employment in the labour market, at
real wage w/p and level of employment Nf, in-turn determines full employment national
output Yf according to the economy’s short-run production function Y(N). The
essential point is that, once full employment equilibrium in the labour market is
established, full employment national income Yf is established in the neo-classical
model. Hence, full employment output is fixed at full employment level and is
determined by purely real variables — the supply of labour, the marginal physical
product of labour, the characteristics of the production function, and the real wage. It
is not affected by monetary or money-expenditure variables in the long run. This is
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why, in classical models, full employment output is fixed and the long run supply curve
is perfectly inelastic — since it is determined in the real economy and not the money
economy and is a fixed parameter in the model.

A Shift in the IS Function

Interest
Rate i

ie1

ie2

Y1 Yf  Yei Y2 Real National Income Y

Figure 18. Neo-classical Interpretation of the Effects of a Shift in the IS Function

Assume the economy is initially in equilibrium where LM/P1 and IS intersect, with
interest rate ie and national income Yf. The difference in this case is that Yf is the
full employment level of output where all resources are employed (i.e. it is the output
corresponding to Yf and the equilibrium real wage w/p in Figure 17). The economy
has no slack at this point and, according to the neo-classical theory, the economy will
always tend to return to full employment income Yf. Imagine, now, that investment
falls as entrepreneurs become more pessimistic about business prospects. As
investment falls at any given rate of interest, so will the level of income necessary to
bring forward an equal level of saving. The IS line shifts from IS to IS1. In the
Keynesian model, the fall in output causes the demand for money to fall, which in turn
lowers interest rates, which then causes investment to increase. The economy
eventually arrives at national income Y1 with interest rate ie1. Since Y1 < Yf, the
economy is in equilibrium with less than full employment and has no tendency to return
to Yf.

The neo-classical version of events is very different. With the fall in investment the IS
line shifts inwards to IS1 and this will cause interest rates to fall and investment to rise
as the economy tends towards ie1 as in the Keynesian analysis. But, in the neo-
classical theory, this is not the end of the process. This is because, where the
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Keynesian model assumes prices are constant, the neo-classical model holds that
prices are flexible and, as a result, the economy cannot be in equilibrium at below full
employment output. ie1/Y2 is not an equilibrium position. As investment and hence
aggregate demand have fallen there is now excess supply in the goods market and
prices fall. As prices fall the real value of money rises. The real value of people’s cash
holdings has risen and they are holding more cash than they need for transaction
purposes. They respond by buying bonds for speculative reasons. As they buy bonds
the rate of interest falls and investment (and hence aggregate demand) continue to
increase above the Ilevel specified in the new Keynesian equilibrium.
Diagrammatically, as the price level falls from P1 the real supply of money increases
and hence the LM schedule will shift down or to the right, and it will continue to shift
down as long as prices are falling — which is to say, as long as aggregate demand is
below that corresponding to full employment output YF. This is the difference with the
Keynesian model, where the LM line does not shift. The reason it shifts down is
because, at any given level of income and output, since prices are lower and hence
the real value of money higher, the amount of money people require to carry out their
transactions declines and so they use the surplus to buy bonds, so lowering the
interest rate associated with equilibrium in the money market at any given level of real
output. So the LM line shifts down at any given level of income. The LM line continues
to shift down as long as the economy is at less than full employment and prices are
falling. And as the LM line shifts down and interest rates fall, so does investment
continue increase as the economy moves down the IS line. This process continues
until full employment output Yf is attained. At this point there is no longer an excess
supply of output and prices stop falling. The economy is again in equilibrium, at real
output Yf and interest rate ie2. Aggregate demand has risen back to that level
necessary to produce full employment output. In the long-run the fall in investment
has not reduced real output at all. What it has done is cause the price level to fall from
P1 to P2 and the interest rate to fall from ie to ie2 — this being the fall in the interest
rate necessary to increase the demand for money up to the new higher real value of
the money supply brought about by the fall in prices as reflected in the new LM line
LM/P2

If, by contrast, the economy was to start at ie2 and Yf and investment was then to
increase, the IS line would shift from IS1 to IS. At the initial interest rate of ie2,
investment would now equal saving at income level Y2. But Y2 is beyond full
employment output Yf. Demand exceeds potential supply and prices rises (this is
common to both Keynesian and neo-classical models when equilibrium income
exceeds full employment income). As prices rise the real value of the supply of money
declines. To bring demand for money into line with the lower real supply, the rate of
interest at every level of real output must rise (thereby reducing the speculative motive
for holding money). The LM line shifts up. In other words, due to the fall in the real
value of money balances, people are holding less money than they wish to hold and
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they sell bonds. As they sell bonds the rate of interest rises, which in turn reduces
investment and income. Rising interest rates and falling income reduce the demand
for money until the demand for money equals the new lower supply at Yf. At Yf both
the goods and money markets are in equilibrium with an interest rate of ie. Prices and
the real value of the money supply stabilise. Hence, the long-run effect of an increase
in investment has been to leave total output unchanged, but to increase interest rates
and raise the domestic price level from P1 to P2.

Hence, from a neo-classical perspective, shifts in aggregate demand (in this case
brought about by shifts in investment) do not, in the long-run, change real output and
employment at all; all they do is change the price level and interest rates.

A Shift in the LM Function

Suppose that the economy is initially in goods and money-market equilibrium at full
employment, with interest rates at ie and national income at YF.

Interest
Rate i LM1
P1
LM _LM1
P1~ Po
i1
iel
IS
0 -
Y1 Yel Yf Y2 Real National Income Y

Figure 19. Neo-classical Interpretation of the Effects of a shift in the LM Function

Assume the monetary authorities lower the money supply. This shifts the LM schedule
upwards from LM to LM1 since, at any given level of real income, the rate of interest
necessary to being the demand for money equal to the new (lower) supply must
increase. If income remains unchanged at Yf then the transactions demand for money
remains unchanged and hence interest rates must rise to reduce the speculative
demand for money down to the lower money supply. This corresponds to a rate of
interest i1. What this means in practice is that people, holding less cash than they
expected, sell bonds to replenish their cash holdings. Bond prices fall and interest
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rates rise. In the Keynesian fixed-price model it is rising interest rates and hence
falling investment that cause real incomes to decline, which in turn causes a falling
transactions demand for money. In this way demand for money contracts to the new
lower supply of money, with an eventual equilibrium at ie1/Ye1. The fall in money
supply therefore causes a contraction in real output and there will be unemployed
resources.

However, in the neo-classical model, the initial rise in interest rates and fall in
investment causes demand to fall below the full employment level of output and prices
begin to fall. As prices fall, the real value of money balances starts to rise. As people’s
real money holdings increase, they adjust by buying bonds. The price of bonds rises,
interest rates fall, and investment increases, raising demand towards the full
employment level of output. Prices continue to fall, and the real value of money rises,
as long as the economy is below full employment. With the real value of money
balances rising the rate of interest necessary to lower the speculative demand for
money down to the lower supply of money declines. The LMz1 line therefore shifts
downwards back towards the original LM schedule. This continues until the economy
returns to full employment output YF with interest rates again back at ie and the LM
schedule at its original position of LM, only with a lower nominal supply of money
which has been off-set by a fall in prices from P1 to Po so that the real money supply
is restored to the level it was before the fall in the nominal supply of money. Whereas,
in the Keynesian model, national income has to fall and interest rates have to rise to
lower the demand for money to the new lower supply, in the neo-classical case it is
prices that fall to ensure that the real supply and demand for money do not change.
In effect, what happens is that, although the nominal amount of money in the economy
has contracted, prices have contracted too, so that the real value of money in the
economy (M/P) stays the same. The effect, therefore, of a tight monetary policy is
simply to lower prices. The real economy remains unchanged in the long run.

Similarly, if the supply of money were to increase the LM curve would shift to the right
and equilibrium income would be above full employment output. Prices rise and the
real value of money holdings declines and the LM line begins to shift up until it returns
to its initial position. The effect of increasing money supply at full employment output
is simply to produce inflation with no long-run output effects.

Using the IS-LM Model: Explaining the Causes of the Great
Depression

A famous example of the use of the IS-LM Model to explain real world events is in
connection with debates concerning the origins of the Great Depression in the United
States in 1929. Following the publication of Keynes’'s General Theory in 1936 a
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consensus emerged that the cause of the downturn was a fall in investment spending
linked to the exhaustion of investment opportunities in the 1920s boom and the wealth
effects of the stock market crash of 1929. The depression was initiated by a fall in
Aggregate Demand. However, this narrative was challenged by Milton Friedman and
Anna Schwartz in their 1963 A Monetary History of the United States, in which the
beginnings of the depression were attributed a tight monetary policy by the Federal
Reserve and the failure of US banks.! In this reading, the depression was in origin a
monetary phenomenon. In 1976 Peter Temin sought to put these competing theories
to the test in his Did Monetary Forces Cause the Great Depression? Temin used the
IS-LM model to discriminate between the two interpretations. In terms of the IS-LM
model there were two scenarios:

» Demand side explanation: a fall in investment causes the IS curve to shift
inwards at every level of interest. If this was the cause of the downturn then
we would expect interest rates and real income to fall.

» Monetary explanations: a fall in the supply of money causes the LM curve to
shift inwards at every level of interest. If this were the cause we would expect
interest rates to rise and real income to fall.

These two perspectives are illustrated below.

Interest
Rate i LM1

ie3

ie1

ie2

Y1  Ye1 Real National Income Y

Figure 20. Alternative IS and LM Explanations of the Great Depression

T Milton Friedman and Anna Schwartz, A Monetary History of the United States 1867-1960 (National
Bureau of Economic Research, Princeton University Press, Princeton, 1963).
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In this diagram, the economy is initially in equilibrium with the IS line IS and the LM
line LM. Equilibrium real national income is Ye1 and interest rates are ie1. Imagine,
first, that investment declines to IS1 and at any given interest rate, savings must fall to
be equal to investment to restore equilibrium in the goods market. Savings fall as
national income declines. The LM schedule remains unchanged since the supply of
money is assumed constant. As income falls the transactions demand for money
declines. People find they are holding excess money balances and buy bonds. The
price of bonds rises, interest rates fall, and the economy moves down the IS1 line to a
new equilibrium at interest rate ie2 and real national income Y1. At this point both the
goods and financial sectors are in equilibrium. At this point, the output of the economy
has contracted and interest rates have fallen.

Alternatively, assume that the IS schedule doesn’t move, but the supply of money
contracts. The LM curve shifts inwards, showing that at any given rate of interest the
demand and supply of money are equal at a lower level of real output. The LM
schedule shifts from LM to LM1. Because people find they are holding less money
than they wish, they sell bonds. The price of bonds falls and the interest rate rises.
As the interest rate rises, investment and national income fall. This reduces the
transactions demand for money. People need less cash for transactions and begin to
buy bonds. The rate of interest falls, and this encourages investment. The economy
moves down the IS line, with falling interest rates and rising national income. The
economy arrives at a new equilibrium income of Y1 and interest rates are at ie3.

Note that both theories predict a fall in real output from Ye to Y1. The difference is in
what happens to interest rates. In the demand theory, interest rates have fallen from
ie1 to ie2, while according to the monetary theory, interest rates rise from ie1 to ie3.
Quite simply, according to the Keynesian interpretation, the fall in economic activity
driven by a fall in investment causes the demand for money and hence interest rates
to fall, whereas according to the monetary theory, the fall in the supply of money
causes the demand for money to exceed the supply and interest rates rise.

On the basis of these contrasting predictions, Temin proceeded to look at what actually
happened to interest rates. With respect to the years 1929 to 1931 he found that ‘there
was no rise in short-term interest rates in this two-year period. The path of short-term
interest rates is perfectly clear. They declined steadily from the stock-market crash to
the end of the gold standard in the fall of 1931.” The data, he concludes, ‘are consistent
with the hypothesis that the demand for money was falling more rapidly done the
supply during 1930 and the first three-quarters of 1931. They are consistent with the
spending hypothesis, not the money hypothesis about the cause of the depression.’

" Peter Temin, Did Monetary Forces Cause the Great Depression? (Norton and Company, New York,
1976), pp. 137, 169.
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