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EC201 I nter mediate M acr oeconomics

L ecture 7-8: Fiscal and Monetary Policy in thel S
LM Model

Lecture Outline:

- thelSLM model equilibrium
- how to use théSLM model to analyze the effects of fiscal and moryepaticy

Essential reading:

Mankiw: Ch. 11

|ISLM Model: the Short-Run Equilibrium
The 1S-LM model is based on the assumption thagémeral price level is fixed.

With that we mean that the general price level witit suddenly adjust when
economic conditions change. Think about a singleketafor a good in which the
price is given by the intersection of demand angpbu If the economic conditions do
not change (meaning: demand and supply do not ehahg price will not change.
Now suppose that there is a change, suppose agas®in the demand. Given the
supply an increase in the demand should resuh in@ease in the price level (and in
the quantity exchanged in the market). Howeverthd price is fixed, after the
increase in the demand the price will not changaw Hbng the price will remain at
the same level after the demand has changed withtdethe short-run. How long it
will take to the price to finally increase afteetdiemand has increased will denote the
long-run. Here we have the same idea just applig¢dd general price level instead to
the price of a particular good.

ThelS curve represents equilibrium in the goods market.
The curve is given byf =C(Y =T) +1(r) +G
TheLM curve represents money market equilibrium.

The curve is given byl\:/lE =L(Y,r)

The intersection of the two curves determines tiigue combination oY andr that

satisfies equilibrium in both markets.
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In the graph: the valueg and I'; represent the values of real income and the irtteres

rate that ensure that the goods market and the ynmaeket are simultaneously in
equilibrium. So, if we believe that an aggregateneeny is well approximated by the
IS-LM model then we have an idea about the mechartisat determines the
equilibrium level of real income in a given closedonomy. If we know the
mechanism we can try to affect this mechanism tjinoeconomic policy in order to
affect the equilibrium level of real income. Notidhe difference with the
determination of real GDP we discussed in lectuab@ut national accounting. In that
lecture we gave an idea about how the real GDRIzulated. Here we have an idea
about the economic process that determine theGBé&, meaning we have an idea
about the economic relationship between differemtables and how this interaction
between different variables determine the equiirievel of the real GDP.

Now we can ask the following question:

What happens when for some reasons we are nag ajthilibrium implied by the IS-
LM model? For example, suppose we start from asdn where the goods market is
in equilibrium, however, the money market is not.

Are there market forces that can naturally (withanoy external intervention) bring
the system to the general equilibrium level?

Graphically, a situation like this is representgdobint H in the I1S-LM graph:
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At point H the goods market is at the equilibriusm¢e it is a point on the IS curve)
however the money market is not. In particulary @gtand at 5 the goods market is in
equilibrium, however, at that level of income,Ythe interest rate is too high for the
equilibrium to take place also in the money markéith an income level of ¥ the
interest rate that would ensure that the money etaskin equilibrium should be K

ry. If the interest rate is too high in the money kear(ra < ry), we know that the
demand for money will be low. Since the money miarkaot at the equilibrium this
means that the money supply is larger than the yndeenand (remember that the
money market equilibrium is defined as real monalamhces supply = demand for
real money balances. A disequilibrium must occuly ah that inequality is not
satisfied). We know that if money supply is larglean money demand the interest
rate must decrease to eliminate this excess of ynsungply (according to the liquidity
preference theory). This means thatmmust decrease. However, if the interest rate
decreases then Investment will increase, and somacwill increase as well. As
income increases, money demand increases anagether with the reduction of the
interest rate will contribute to eliminate the exgef money supply in the money
market. When this process is going to end? Whereaeh point E, where the interest
rate is now lower and the income is larger thapaat H. At point E, no agents in
both markets have an incentive to change their\behaand therefore we are at a
general equilibrium. This means that there existetsforces (the movement of r and
of Y) that will ensure that we will converge to tequilibrium in both market starting
from any situation where one of the markets isigequilibrium.



A similar reasoning can be made for other poirke lpoint A, where the money
market is in equilibrium but the goods market is. no

At point A, given the interest rate prevailing metmarket (t), the real income is too
low to ensure the equilibrium in the goods mark&i € Yg). The interest is low and
this means that Investments will be too high (retoemthat the goods market
equilibrium implies | = S, any disequilibrium imp8 that equality does not hold). If
investments are high, income will increase, if meowill increase, money demand
will increase. In the money market, an increasthendemand of money, for a given
money supply, will increase the interest rate. Tirease in the interest rate will
depress investments and so income will stop inorgasafter a while. When this
process will stop? At point E again, where therggéerate will be higher and income
will be higher than at point A.

You can show that this kind of adjustment towatdasequilibrium E will hold for any
point different from E.

So we can say that there are market forces thataligtwill establish the equilibrium
in the money market and in the goods market simatiasly.

Now we can ask the following question: if there ararket forces that ensure that an
equilibrium will be reached, why should we intergein the market using economic
policies?

The answer depends on what we think about theibguih that the market forces
will reach. If we think that the equilibrium E i®ha good equilibrium we may want
to change the market result using policies. Fifsdllowe need to define what a good
equilibrium is. We can define the concept Fdll-employment equilibrium: a
situation where the number of unemployed workers is equal to the number of job
vacancies available. Full employment does not mean zero unemploymest (&t
have seen that unemployment is never zero). It swdaat unemployment in mainly
based on a voluntary basis. We will define morenfaty this concept when we will
talk about the trade-off between inflation and upkyment by introducing the
concept of Natural Rate of Employment. A full-emypteent equilibrium is therefore a
situation where most of the labour resources agd usthe production process and so
the real GDP is very close to tRetential real GDP, that is the maximum level of
output that can be produced, given the technologpilable ( = the production
function), using all the resources available in ¢eenomy. (It is also called Natural
real GDP).



It is clear that an economy would preferred to lese to the potential real GDP most
of the time, since this will imply that the reatome is high and there are few wastes
of economic resources.

The point now becomes: are the market forces @hatire the equilibrium in the IS-
LM model) capable to ensure that the equilibriunmcigles with the full-employment
equilibrium? If you are a neoclassical economista(monetarist) your answer should
be yes. Those economists believed that markets wellkand that sooner or later the
economy will converge to the full-employment eduilum. This will be true
especially in the long-run where all prices willflexible and so markets should work
properly. However, if you believe that the desdaptof an economic system made by
Keynes is more correct, your answer to the prevguestion should be no.

In particular, one of the main contributions of Keg was the idea that equilibria
lower than the full-employment equilibrium can bakde and persist for long time.
The main idea is that markets may not work veryl,veace there are market failures
(externalities), rigidities (prices and wages tha¢ not flexible) and so on. This
implies that market forces alone cannot guaranke# the economy converges
towards the full-employment equilibrium, and theref some external interventions
(like by governments) would be necessary. Obviotistyanalysis of Keynes is based
on the short-run (in the long-run we all agree thadrkets should work well).
However, as Keynes used to say: “in the long-ruravecall dead”.

The analysis of Keynes is highly influenced by Geeat Depression that started in
1929 (the General Theory was published in 1936) affetted many countries and
lasted for some years. For Keynes this was an eleaofpa situation where market
forces alone could not improve the economic situnati

Therefore, since the ideas of Keynes had a grlaemnce on macroeconomic theory,
the 1S-LM model has been used by economists toystnd effects of fiscal and
monetary policy on the equilibrium of an economystem. Furthermore, the IS-LM
model has been also used to explain what we céleort-run fluctuations” in real
GDP (or Business Cycles). This is because the ISriddiel is a model that explains
the behaviour of the Aggregate Demand of an econdvgny economists that
followed the ideas of Keynes believed that movemémtaggregate demand are the
main determinants of real output fluctuations ia sfhort-run (this is the opposite idea

of the Real Business Cycle theory)



Fiscal Policy in thelS-L M mode€l

First, we write the 1S-LM model using specific failomal forms. In particular, we
focus on linear functions.

Consider the following functions:
Consumption functionC =C, +c(Y —T)

Where G >0 is a constant and 0 < ¢ < 1 is the MarginapBnsity to Consume. Y is

real income and T is the tax level, so (Y-T) is tigposable income.

Investment functioni =1, —br

Where >0 is a constant and b > 0 measures the resporsiy®f investments to the
interest rate.

Government expenditure is exogenous and equal to G.

Tax level is exogenous and equal to T (you mayrassihat the tax level depends on
income as we have done in one of the problem ketggver, nothing substantial will

change in the analysis).

The equilibrium in the goods market ¥:=C + 1 + G
Using the functions defined above we have:
Y=Cy+c(Y-T)+1,-br+G

Solving for Y:

1
Y:E[CO+IO+G—CT—br] 1)

Equation 1) is our IS curve. However, the IS cuasave plotted so far should be
written as r as a function of Y.

Therefore, we can rewrite th& curve as:
1
r:B[CO+I0+G—CT—Y(1—C)] 2)

Equations 1) and 2) are obviously the same thingesrin a different way.

A bit of notation about the slope of the IS curve and the elasticity: whenb is
particularly large (orc is very close to 1) the slope of the IS curve Jri2a small
number in absolute value. This means that a bigggdan income will result in a
small change irr. This implies that the IS curve is relatively flaWe call this
situation as an IS curve that B2 ASTIC with respect toY (if a big change iny



results in a small change m then reversing the causality, a small change will
result in a big change ).
On the other hand, isis particularly small, the slope of the IS curme?) is a large
number in absolute value. This means that a snhalhge inY will result in a big
change irr. The IS curve in 2) will be relatively steep. W&y sn this case that the IS
curve iSINELASTIC with respect tor.
So:blarge(or ccloseto 1) = ISelastic = ISflat

b small =1Sinelastic = | S steeper

Define the money demand function as:

d
(MJ = KY = hr
P

where k > 0 and h > 0 are two parameters.

The money supplM ° =M and prices are exogenous.

The equilibrium in the money market is given by:

M. KY —hr
P
TheLM curveis therefore given by:
k 1M
=Y -—— 3)
h hP

A bit of notation about the slope and elasticity of the LM curve in 3): if h is
particularly large (ok is particularly small) the slope of 3) is a smalimber. This
means that a big change in income will result small change im. This implies that
the LM curve is quite flat. We call this case asLah curve ELASTIC with respect
to.
If his a small number the slope of 3) is a large numAesmall change iy will
result in a big change of This means that the LM curve defined by 3) istrekly
steep. We call this case as an LNELASTIC with respect to.
So:hlarge(or k small) =LM elastic=LM flat

h small = LM inelastic=LM steeper

The 1S-LM model is given by the following two lineeguations in two variable¥ (

andr):



r:%[co+ I, +G-cT-Y(-c)|

r:EY—EM
h hP

We can solve this system and the solution is:

V' = h A+ b M 9
bk + (L1-c)h bk+ (@1-c)h P

where A=C, +1,+G—-cT

. Kk l-c) M
r = A- — 5)
bk + 1-c)h bk +@-c)h P

(see the Appendix of this lecture note)

Now we see the effects of fiscal policy on the &guaum of our model. Here the two
variables that define a fiscal policy &eandT.
From equation 4) we have that:
oY _ h >0
0G bk+ (L-c)h

6)

oY’ -ch
= <0
0T bk+@-c)h

7

An increase irG (everything else constant) will increase the elguim level of
income while an increase in(everything else constant) will decrease the dguiim
level of Y.

From equation 5) we have that:

*

or k

= >0 8)
0G bk+@-c)h
or —ch

= <0 9)
0T bk+(-c)h

An increase inG (everything else constant) will increase the elguum level ofr
while an increase ii (everything else constant) will decrease the édgyuiim level of

r.

Notice the difference between the effect of fispalicy here and in the Keynesian

Cross framework.



In the Keynesian Cross the multiplier effect of @Gswgiven byﬁ. This was

because there was not an interest rate effeceitKédynesian cross model. Therefore,
the result of the Keynesian cross model wRardial Equilibrium Effect, based only
on the goods market framework.
However, when we consider also the interaction betwthe goods market and the
money market, the effect @ onY becomes &eneral Equilibrium Effect, where
the interaction between different markets is cozrgd.
In particular notice that:
1 S h
1-c bk+@-c)h

if h, kandb are greater than zero.

10)

Notice that the two expressions coincide whem> ©0 _ In this case the LM curve is

infinitively elastic (completely flat) and the croimg out is zero:

. h 1
lim =
h-opk+(1-c)h 1-c

(see the Appendix of this lecture note).

Inequality 10) implies that the effect & onY is now lower than in the Keynesian
cross case. The reason is that an increase inr€ases income BUT also the interest
rate (equation 8)). The increase in the interdstwall decrease investment.
Therefore, the increase in income due to the iseré@a G will be partly compensated
by the decreasing in the Investments.
The fact that an increase in public expenditurea(diecrease in Taxes) increases the
interest rate is calleGROWDING OUT.
The increase in government expenditure crowds @auesof private investments.
Higher is the crowding out effect and lower if thiéectiveness of public expenditure
on equilibrium income.
The level of crowding out depends on the relatlepes of the IS and the LM curves.
In particular:

1) Given the slope of the IS curve, the Crowding out is higher the more inelastic

isthe LM curve;



2) Given the slope of the LM curve, the Crowding out is higher the more elastic
isthelScurve;

Graphically:

The effect of an increase G

1) After the change i, sayAG, the IS curve will shift up. From equation 2) we

2)

3)

know that an increase in G will increase the valtiotercept of the IS curve and

from equation 1) we know that if G increases, ne@bme must increase by

AG

1-c’

After the increase i and then the increase Yhalso the interest rate increases.
The reason is that an increase in income will imseemoney demand for a given

level of money supply, creating an excess of mateyand in the money market.

This will increase the interest rate.

An increase ir will decreasd and so the initial increase & will partly offset

AG
by this decreasing ih Equilibrium income will increase but by less th'f’l?y

because of the crowding out effect.

Crowding out and the relative slopes of the IS BAkldcurves:

a) Supposethe LM is particularly inelastic

10
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Suppose an increase® The initial IS curve is ISand the equilibrium is given by
andYp. The initial LM is LM,. After the increase in G the new IS curve isd8d the
new equilibrium isr; andY;. Notice that the LM curve does not move si&eoes
not enter in the LM equation. The Crowding out efffes given by the difference
betweenY, (the level of income we could get if theincrease in G would not affect
the interest rate) andY;. Now consider an LM curve steeper (meaning leastie)
than LM, call it LMnew Notice that now, the same changé&simas before, will have a
lower effect onY and a higher effect on The equilibrium with this less elastic LM
curve will berne, and Ypey. Notice that now the difference betwe¥nand Yyey is
larger than the one betwe&p andY;, meaning that the crowding out is now larger.
The reason is that now an increasé&imvill have a bigger effect on the interest rate
than before and so the reduction in investmentlvalhigher than before.

The slope of the LM curve is given Bfh. The slope is large (curve inelastichifs a
really small number. Ih is very small it means that the demand for moseayot very
sensitive to the interest rate. If income increasasney demand increases and for a
given level of money supply the interest rate minstease. However, if money
demand is not very sensitive tothen the increase in must be large in order to

restore the equilibrium in the money market.

11



b) Suppose the IScurveis particularly elastic
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In this graph we have two IS curves quite inela@fig and 1) and two more elastic
(1S% and 1S;). As we can see the same change in G will haveighremaller effect
when the IS curve is elastic. Notice that alsodtfiect onr is lower when the IS curve
is elastic than in the case where the IS curvess &lasticrfey < r1).

The slope of the IS curve isl;bc. The IS curve is elastic if the slope is a small

number. This will happen ib is large for example. Ib is large, a change in the
interest rate will have a big impact on the leahwestment.

An increase irG will increaseY. This will increase the money demand and given the
level of money supply will increase the interegeraA small increase in the interest
rate will have a big negative effect on investmertd therefore the initial increase in
G will be highly compensated by the big reductior,iand so the effect @& onY

will be very limited in this case.

A similar reasoning can be made for the case whaxes are reduced, since in this

case the shift in the IS curve is similar to theecavheres is increased.

12



Conclusion: an expansionary fiscal policy (increasing in G or decreasing in T) is
more effective in affecting the level of real income the lower is the crowding out
effect.

The effect of an increase in the tax level is lessresting in the IS-LM model since

the result is a reduction in the equilibrium income

Monetary Policy in the |S-L M model

In the IS-LM model the only exogenous variable teddlato monetary policy is the
level of money supply. So we consider a monetaticy@s a change in the money

supply.
From equation 4) and 5) we have that:

Y’ h A+ b M

“bk+(@-c)h  bk+(@-c)h P

o= Kk A -0 M
bk + (L-c)h bk + (1l-c)h P

So we have:

o __ (=9 1_4 11)
oM bk+(1-c)hP

o'_ b
oM bk+(1-c)h

150 12)
=)

An increase in money supply (everything else cantktaill increase the equilibrium

level of output and will decrease the equilibriurterest rate.
An increase iM will shift the LM curve M does not appear in the IS curve) down,

by an amount given by the changeMn

Graphically:

13
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In this graph we have 4 different LM curves. Twatleém are relatively more elastic
(LM and LM,) than the other two (LR4 and LMY).

Consider first the LM relatively more elastic. Arcrease iM by AM will shift down
the LM curve (emember that the intercept of the LM curveis negative). Starting
with an initial LMy, after the increase i, the new LM curve is LM As we can see
the effect is an increase in income frdpto Y; and a reduction infromrg tor;.

The idea is that an increase in the money supplgnghe money demand, will create
an excess of money in the money market. To elirithts excess of money, the
theory of liquidity preference says that the ins¢mate must decrease. However if the
interest rate decreases, Investment will increasktherefore income will increase.
As Income increases money demand increases heipingstore the equilibrium in
the money market. The process ends at the newilagquih given byY; andr;.

Now consider the same change in money supply, bhtadess elastic LM curve like
LM Y. After the change i, the LM curve shifts down to the new curve tgv

The same change M has now a bigger effect on income and on theesteate.

The slope of the LM curve is given lih. In particular, remember that the LM is
inelastic ifh is small.

If his small it means that the demand for money isveoy sensitive to the interest
rate. If money supply increases, in order to ineeetne money demand and restore

the equilibrium in the money market the interede renust decrease quite a lot.

14



However, if the interest rate decreases a lot,dtmaent will increase substantially and

so the level of income.

Here we have considered expansionary monetary policy (M increases). A similar

reasoning can be made for the caserastictive monetary policy (M decreases).

In the case of a restrictive monetary policy the M shift to the left and the result

will be a reduction in Income and an increase i@ itterest rate in equilibrium.

However, the effectiveness of this policy will dagdeon the slope of the LM as in the

case of an expansionary policy.

Obviously the effectiveness of monetary policy defsgealso on the slope of the IS
curve.

In the following graph we consider two possibleclBves, one less elastic (IS) than
the other (19). As we will see an increase in M will tend to baw bigger effect ol
the more elastic is the IS curvé4, > Y1 ).
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If the IS curve is elastic it means that investraeare very sensitive to the interest rate
(b is large). A small decrease in the interest raile lvave a big impact on and

therefore ory.
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Conclusion: for a given slope of the IS curve, monetary policy (expansionary or
restrictive) is more effective in affecting the level of real income the less elastic is the
LM curve. Given the slope of the LM curve, monetary policy (expansionary or
restrictive) is more effective in affecting the level of real income the more elastic is
the IScurve

ThelLiquidity Trap: the Keynesian Case

The liquidity trap is also called the “Keynesiarseaof the neoclassical synthesis
since it represents the economic situation thaloiser to the original ideas of Keynes
on how an economic system should work.

A liquidity trap is a situation where the interéstvery close to zero. At that interest
rate people will hold any amount of money for anyeg level of income.

The point is: when the interest rate is close tm,zthe cost opportunity of holding
money is close to zero, so people will just kedptla@ money they have in their
pocket instead of investing some of it into asteds will pay a return that is close to
zero. We say that in this case money and lessdiigasets are essentially the same
thing.

This implies that the LM curve is infinitively elés (completely flat) at this low

interest rate.

In terms of the slope of the LM curve it means that> 0, meaning that the
demand for money is infinitely sensitiverto
If there is a huge increase in Income and moneyadenincreases, it is enough to
have a small decrease in the interest rate to cosape the increase in the money
demand.
So the first two basic elements of a liquidity teap:

1) Interest rate extremely low, possibly zero;

2) The LM curve is completely flat at that low intereste;
Now we introduce another element that makes thadity trap closer to Keynes’
ideas. According to Keynes investments are not gengitive to the interest rate, but
they depend mainly on what Keynes callghifnal Spirits’. You may think at the
animal spirits as the subjective expectations efitlvestors about the future. The idea
for Keynes is: an investor will undertake an inwesht if he expects that the

investment is a good idea, independently on thellef the interest rate. You may

16



think at a sort of optimism or pessimism of investavhen you talk about animal

spirits. If an investor is pessimistic about théufa, then even if the interest rate is
low, he may not take the risk to invest.

The fact that investment are not very related wittterest rate in Keynes’ opinion,
implies that the IS curve is relatively inelasticce b is a small number.

The fact that the IS curve is inelastic accountsafwother idea of Keynes: the full-
employment equilibrium may be impossible to reaghth® market forces alone and
an external intervention should be needed to rehah equilibrium. Otherwise the

economy can be stuck in a lower equilibrium foord time.

This is shown graphically:

v

Y1 Yl Y

Suppose that the full employment equilibrium if,Yon the graph. If the IS curve is
inelastic, it may cut the horizontal axis to thit & Yy, like at Y; in the figure.

It is clear that in such a situation there is nopasitive interest rate that can be
consistent with the IS curve and the full-employmequilibrium. In this situation,
independently on where the LM curve will lie, thgudibrium in the market cannot
be the full-employment equilibrium. However, byiieasing the public expenditure or
by reducing taxes we may be able to shift the Ieto the right and therefore the
full-employment equilibrium can be, in theory, amfed.

Now we add the LM curve to the previous figureow the liquidity trap case:

17
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Suppose that the interest rate is very low at lebenotice that this interest rate
should be close to zero, however, for graphicavearence, we plotted it as if it is
much higher than zero). The LM curve is flat attimterest rate. This is the case of
the liquidity trap.

As the income becomes large enough the LM starisciease again showing when
the system can get out for the liquidity trap. Tilea according to Keynes is: as
income increases, the economic situation improaist a while investors will start to
gain confidence, they will become optimistic, thell start taking investments again
and the system will start working again as in tkeal IS-LM model we have seen
before.

Suppose we are at the equilibrium defined'bgndYo. If we don't intervene in some
way the system will remain at that equilibrium amd will be stuck in the liquidity
trap. How do we escape from the liquidity trap?

We need to increase equilibrium income.

There are two ways to do that according the IS-Ldtiet:

1) Expansionary Monetary Policy: in the liquidity trap this policy does not
work. An increase in money supply would reduceittierest rate, however,
in the liquidity trap the interest rate is alreaatythe minimum level and
cannot be decreased further.

2) Expansionary Fiscal Policy: this policy is really effective in a liquiditydp.

Suppose an increase in government expenditure. a¥e $een that when the

18



LM curve is flat, the multiplier of the governmesxpenditure is equal to the
case in the Keynesian Cross case, meaning thatptiisy will be very
effective in increasing equilibrium income. The sawill hold for a reduction
in Taxes. So an expansionary fiscal policy willfskie IS curve to 15for
example. A further increase in G (or reduction )rwill continue to shift the
IS curve and after a while the system may be réaetpart of the LM curve
that is increasing (for example with an IS curveegi by 1S) and it will
escape the liquidity trap.

Are the liquidity traps common in reality?

Not really, however, in the Great Depression of A9Be nominal interest rate

dropped quite dramatically and its level startedoéovery close to zero after few

years.

In Japan in the 90's a similar situation happenedere the nominal interest fell

almost to zero.

The recent credit crunch is another example ofuagon where nominal interest rate

became very close to zero.

Fiscal Policy and Monetary Policy T ogether

The IS-LM model can explain how to coordinate mangiand fiscal policy together
in order to achieve some economic objectives.

In particular, monetary policymakers may adjistin response to changes in fiscal
policy, or vice versa. Such interaction may altee impact of the original policy
change.

Suppose that the government incredses

Possible responses by the Central Bank:

1. holdM constant

2. holdr constant

3. holdY constant

In each case, the effects of th& are different:

Case 1) HoldindJ/ constant

If Congress raiseS, thelS curve shifts right. If the central bank holsconstant,

thenLM curve doesn’t shift. The result is in the follogigraph
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Result:income increases and interest rate increases.

Case 2) Holding constant

To keepr constant, the central bank increaet shift theLM curve to the right, as

in the following graph:

r

| SRR

Result:income increases more than in the case where the LM is fixed and the inter est
rate does not change.

Case 3) Holding Y constant

In this case the central bank must decrease Mrtgeasate the increase in G.
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Result:income does not change and the interest rate increases more than in the case

where the LM remains fixed.

Isthe general pricelevel really fixed in the short-run?

The analysis done so far is based on the assumittairthe general price level is
fixed. Is this an assumption that holds in reality?

To see this we should run an experiment and seddmyvt takes to the general price
level to change after a change in economic conditltas occurred.

An empirical experiment of this sort has been doyp&ernanke and Gertler (1995).
They estimate a VAR (Vector Autoregression tha system of dynamic equations
to be estimated) and they check if after a posighieck in the interest rate (an
increase in the interest rate) the general pricel ldoes change. The increase in the
interest rate is interpreted as a change in mopeticy. In particular it is interpreted
as tight monetary policy (like a reduction in mormypply). The experiment is as
follow: first we increase the interest rate in thist period, then nothing else changes
and we see over time how long it takes for the g@npzice level to change.

The result of their analysis is depicted in théofeing picture:

! Bernanke and Gertler (199%nside the Black Box: The Credit Channel of M onetary Policy
Transmission, Journal of Economic Perspectives, Vol. 9, No. 4. (Autumn, 1995), pp. 27-48.
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Figure 1
Responses of Output, Prices and Federal Funds Rate to a Monetary Policy Shock
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First, the interest rate increases (the Fund Rdteip they look how long it takes for
the general price level to change. In the figurevab we see that the general price
level (measured by the GDP deflator) remains stédlat least 12 months, then it
starts to decrease. Output instead starts to derpate early, around 4 months after
the increase in the interest rate. This graph sdersapport the idea that the general
price level tends to be fixed for around a year #nad output is the first variable that
changes in the short run after a change in theaumnconditions. This is consistent
with the analysis of the IS-LM model.

However, another way to look at how long pricesagmiixed is to check a bundle of
goods over time and see in average how long itstdé#e prices of those goods to
change. This is different from the experiment ofréake and Gertler. For example,
Bils and Klenow (2004) checked for a sample of 350 consumption goods the
frequency of price changes. They found that in ayera price remains fixed for 5.5
months or less. This result seems to suggest tiwaspare sticky but not as sticky as

we may think.

2 M. Bils and P. Klenow (2004), “Some Evidence oa tmportance of Sticky PricesJournal of
Palitical Economy vol. 112, 947-985.
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M athematical Appendix

1) L'Hopital Theorem of Limits

Consider two functions (x) and g & ), both continuous functions of x.

Suppose we want to find the limit for x that terdsgnfinity of the ratio of the two

functions:
lim )
x== g(X)
Suppose that the result of that limit is:
lim——2 () =2
o g(x)

This means that the limit is not defined. We cansay if that ratio is convergent

(converging to some real number, including zerajivergent (equal to plus or minus

infinity).

In that situation we can apply the Hopital theottbat says that we can calculate:
lim———= f ()
== g (X)

where f '(x) = and g (x) = g( X are first derivative. If the limit of the ratio

df (x)
dx
of the first derivatives is convergent or divergerthen we can say that

jim 109 = jjm £
IO

f.E ; 3 then we can continue in the process and calculate
x= g 00
lim———= f
e g (X)
2 2
where f '(x) = d fgx) andg (x) = d dggx) :
X

We stop in taking derivatives until we arrive tbrait that is defined. Meaning:

convergent or divergent.
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The same principle can be applied to limits forathtihe result isg independently to
what x is tending to (x may tend to infinity astive case above, or to zero or to any

other number). The important thing is that the ltesiuthe limit is > or %

(00]

Examples.
Consider the following limit:

. x-1

lim——=

X — 00 X
The result is:IimX—_1 =2

X-0 Y 00

We cannot say anything about that. However, bygugie Hopital theorem, and

taking the limit of the ratio of the first derivatis we have that:

im X"t S jimt=1
X—0 ¥ xﬂool

-1 e
So we can say that = converges to 1 when x tends to infinity.
X

Consider the following limit:

The result is againim —

oo
Xoo X7 =2 0

The first derivative of the numerator 2x . The derivative of the denominator3s?.

Therefore:

. NG . X 2
lim 5 :>I|m—2—I|m—=
X=X = X-o 3X°  x-e 3X

2
X L .
So we can say that3—2 converges to zero as x tends to infinity (actuedlthis case
X —

we don’t really need to use this theorem, sinckmawv that the denominator will
tend to infinity faster than the numerator. In ttemominator we have x to the power
of 3 that grows faster than x to the power of 2efBfore the denominator will tend to

infinity faster than the numerator and the resuthiat the limit will tend to zero)

In the lecture notes we have considered the foligvimit:
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lim—
h-=pk + (1—-C)h
Th It islim h ®
e resultislim - ————-=—
h-epk + (1— c)h 00
Using the Hopital theorem, takes the first derivainf the numerator with respect to
h. That is equal to 1.
The first derivative of the denominator with respted is equal tq1-c).
So we can write the limit as:
: . 1 1
lim—— = lim =
h-=pk+@-c)h h-=(@-c) (L-c)
2) The Algebra of the IS-LM model

The I1S-LM model we analysed in the lecture is gitagn
1
:E[Co +1,+G-cT -Y(1-c)]

k 1M
r=—Y-=—
h h P
We solve this system by equalising the right-hadd sf each equation (they are both

eqgual to the same thing, r, so they must be equal):

1 Ky 1M
=G+ 1, +G-cT-Y(1-¢)|]==Y ——
5 [Co* e Q-0f= 1Y -15 1

Solving equation 1) for Y:

1[C0+IO+G—CT]—MY:E _iM

b b h h P
- = [C +1,+G— cT]+1|vI Ky + L9y

h b

[c +1,+G- cT]+1M_Y K, 1o¢

h P h b
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Y[kb+ @1-c)h

1 1M
- }:—[CO+IO+G—0T]+EF

~v=1c,+1,+G-cT] 2,1 Mo M
b Kb+ (@-ch hkb+(@-gh P
h b M

= A+ -
kb+ (1-c)h ko+(@1-c)h P

where A=C, +1,+G-cT.

Substitute the result for Yinto the IS or the LM curve to find the correspmupvalue

of r. For example using the LM curve:

_k h Ay MiI_1M
h| kb+ @-c)h kb+(1 c) P| hP
k k M 1M
= A+ — - -
kb + (L-c)h h kb+(1—c)h P hP
_ Kk A+ 1M bk 1
kb + (L-c)h hP ' kb+ (1-c)h

kM bk—bk—(l—c)h}
kb+ (L-c)h hP| kb+@-c)h

_ Kk A @d-c0 M
kb+ (L-c)h kbo+ (@1-c)h P
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