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Macro Preparation Camp Handout 6: The
IS-LM Model

CDE, Williams College
August 2009

WE\is\ this handout useful?

.
This hando}m\will describe a well known closed economy model that will provide you
with intuition,\concepts and tools useful for improving your understanding of open
economy models that you’ll study in your first macro course.

How to study the ham{out

N
Before coming to Williams town: Read the document carefully

During your first week in Williamson: 1) Make sure you work the math at least once
(there is not much math here), 2\)'\}Vork all the graphic examples by hand!

PN :
If you don’t feel comfortable workmgsth graphs: read the appendix.

If you don’t feel comfortable working with basic macro concepts: read handout 5.

If you are not able to come to the prep&:@tion camp...
...1) Read the document carefully, 2) work all the~math and graphic derivations by
hand.

~,
.



The IS-LM Model

This handout is based on Blanchard (2003) Chapters 4 and 5.
UTAF Lilnkys Ll
ound

Dok
1 The Goods Market
1.1 The Demand for Goods

e The economy produces only one good that can be used by households for consumption, by firms
for investment or by the government for public consumption.

e The firms are willing to supply as many units of the good as demanded by households, the
government and other firms. They supply the good at a price P.

The economy is closed.

Denote the total demand for goods by Z. From the composition of GDP for a closed economy,
we can write Z as:

Z=C+I1+G (1)
Consumption

e Consumption (C) depends positively on disposable income (Y'd) (C goes up when Yd goes up).
Disposable income is defined as income minus net taxes (Yd=Y — T).

C =0(Yd") (2)

Sometimes it is useful to give a functional form to C = C(Yd"). Let’s assume that the rela-
tionship between consumption and disposable income is linear (you may want to go over the
appendix in order to refresh some concepts about straight lines and their properties)

C=cy+crYd (3)

C=c+a(Y-T) (4)

The parameter c,is called the marginal propensity to consume. It gives the effect of an additional
unit of disposable income on consumption. A natural restriction on ¢;is that is has to be between

0 and 1: people are likely to consume only part of any increase in disposable income and save
the rest.

The parameter c¢pis what people would consume if their disposable income is zero.

Graph 1 depicts the linear consumption function.

Graph 1: Consumption Function

""" slope=c1
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Consumption C
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Investment

e For the moment we’ll assume that investment in exogenous

I=I (5)
Government Spending (G)

e We'll treat G as an exogenous policy variable.

1.2 The Determination of Equilibrium Output
e Replacing C and I from (4) and (5) in (1):
Z=cp+a(Y-T)+I+G (6)
e Equilibrium in the goods market requires that production Y be equal to demand Z.
¥Yi=iZ (7)
e Replacing (7) in (6):
Y=c+aY -T)+I+G (8)

e In equilibrium production, Y (the left hand side of 8), is equal to demand (the right hand side
of 8). Demand in turn depends on income, Y, which is itself equal to production.

Characterizing Equilibrium Graphically

e First plot production as a function of income. Graph 2 measures production on the vertical axis
and income on the horizontal axis.

e Recall that production and income are always equal. Then, the relation between these two
variables is the 45-degree line (why? because any point on the 45-degree line has the same value
for the vertical-axis variable and for the horizontal-axis varlable)

e Second, plo@and as a functmn of income. Notlce that (6) can be rewmtenﬂ““\

o —— —

Z (C()+I+G—C1T)+CIY \ f!) ']‘M'/ /-;,;,_}"' i@ ]H

e Demand depends on autonomous spendmg (the expression w1th1n brackets; this is the intercept)
and on income (Y, which is multiplied by the slope ¢1). Equation (9) is drawn as ZZ in the
graph.

e Equilibrium output, Y, is given by the intersection of the 45-degree line and the demand relation
at point A. To the left of A, demand exceeds production. To the right of A, production exceeds
demand.

4 r



Graph 2: Equilibirum in the Goods Market
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e Now suppose that cp, one of the elements of autonomous consumption, increases to ¢ > ¢g. The
Z Z relation will shift upwards in a distance equal to (¢ — ¢p), this is the change in the intercept.
The new level of equilibrium output (Y”) is found at the intersection of the 45-degree line and
the new demand relation (point A’).

Graph 3: Effect of an Increase in Autonomous Spending
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2 The Financial Market

2.1 The Demand for Money

e Denote the amount of money people want to hold (the demand for money) by M9, The economy’s
total demand for money depends on the overall level of transactions (proxied by nominal income)
and on the interest rate. Nominal income is defined as PY, [if ¥ is real income (in units of the
good) and P is the dollar price of one unit of the good, then PY is income in nominal terms (i.e.
dollar terms)].



e The minus sign above ¢ captures the fact that the interest rate has a negative effect on money
demand: an increase in the interest rate decreases money demand. We don’t know the exact
expression of the relation between ¢ and MY, so we write it just as a function L(3).

M?% = PYL(i) (10)

e Graph 4 shows the relation between money demanded (measured in the horizontal axis) and the
interest rate (vertical axis).

e How does money depend on nominal income? Suppose that nominal income increases from (PY")
to (PY)'. This will shift the money demand curve to the right.

Graph 4: The Demand for Money
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2.2 Money Demand, Money Supply and the Equilibrium Interest Rate
e Suppose the Central Bank decides to supply and amount of money equal to M, so M* = M.

e Equilibrium in the financial market requires that money supply (M?® = M) be equal to money
demand (M?):

M = PYL(i) (11)

e Graphically:




Graph 5: Determination of the Intsrest Rate

Money Demand M*

InterestRate, i

Money Demand M*

Money, M

e Now we explore the effect of an increase of nominal income (from (PY) to (PY)’) on the interest

rate. The increase in nominal income shifts the money demand curve to the right and leads to
an increase in the interest rate.

\.{'

Graph 6: Effects of an Increase i@n the Ingterest Rate

Interest Rate, |
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Money, M

3 The Goods Market and the IS Relation

e Consumption: We won’t work with the linear functional form for consumption used in Section
1, but we will assume the general form C(Yd) or C(Y —T).

e Investment: Investment won’t be exogenous as in Section 1. We assume that a firm that faces
increasing sales needs to increase production and to do so it may need to buy new equipment. We
also assume that a firm may need to borrow resources in order to finance its investment, therefore



it is more likely that the firm will do so when the interest rate is low than when the interest
rate is high. Investment, therefore, is a function of the level of production and the interest rate:

+_
I=1I(Y,1).

e Government Spending: As in Section 1.

3.1 The Determination of Output

. > ; e
e Taking into account the general forms for consumption and investment, C(Y —7") and I = I(Y, 1),
the condition for equilibrium in the goods market becomes:

Y=CY -T)+I(Y,i)+G (12)

As in Section 1, the goods market equilibrium ca be expressed graphically as the intersection
between the 45-degree line and the demand relation:

Graph 7: Equilibirum in the Goods Market

ZZ {(Demand)

Demand (Z)

OutputY

3.2 Deriving the IS Curve

e The ZZ relation in Graph 7 was drawn for a given value of the interest rate. Let’s now ask what
happens when the interest rate changes.

e Suppose that, in Graph 7, the demand curve is given by ZZ, and the initial equilibrium is point
A. Suppose now that the interest rate increase from i to i’. At any level of output, a higher
interest rate implies a decrease in investment and therefore a decrease in demand. The demand
curve ZZ shifts downwards to ZZ' and the new equilibrium is found at point A’. This process
is shown in the top panel of Graph 8.

e The bottom panel shows the two goods market equilibrium points A and A’ in (4,Y) space.
These two points correspond to two equilibrium combinations of ¢ and Y in the goods market.
If we repeat the exercise for every possible value of 7 and then connect all the equilibrium points
in (¢,Y) space, we obtain the downward-sloping IS Curve.

~I



Graph 8: Equilibirum in the Goods Market
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3.3 Shifts of the IS Curve

e The IS curves shifts with changes in any of the exogenous variables in the demand relation (that
is, any variable except ¢ and V).

o Consider for example an increase in taxes from T to 7’. At a given interest rate, disposable
income decreases and therefore consumption goes down. This leads to a decrease in output.
Graphically, the IS curve shifts to the left: At any interest rate, the equilibrium level of output
is lower than it was before the increase in taxes.

Graph 9: A Shift in the IS Curve

Interest Rate (i)

1S {for taxes T}

IS' (for T'>T)

QutputY




4 The Financial Market and the LM Relation

4.1 Real Money, Real Income and the Interest Rate
o Define real money balances as M/P. Then we can re-express equation (11) as:
M .
— =YL(i
iz (%) (13)
e This is the equilibrium relation in the financial market.
4.2 Deriving the LM Curve

e The graphic representation of (13) is very similar to Graph 5, we just change nominal money
balances (M) for real money balances (%) in the horizontal axis.

e Now consider an increase in income from Y to Y”, which shifts the money demand curve to the
right. This will increase the interest rate from i to i'(left panel in Graph 10). Equilibrium will
change from point A to point A’.

e Now we can find the equilibrium points in (7,Y") space. Point A in the right panel corresponds
to point A in the left panel and point A’ in the right panel corresponds to point A’ in the left
panel.

e If we repeat the exercise for all the possible values of ¥ we obtain the upward-sloping LM curve.

Graph 10: Derivation of the LM Curve
g 13500 S
b AL et N U Eas e A
3 8. :
€ i e e JRELE NE——— '
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v (for ) ; '
M Y Y
Real Money, M/P Income, ¥
4.3 Shifts of the LM Curve

e We have derived the LM curve taking M and P as given. The LM curve will shift with any of

these variables. Consider for example an increase in the nominal money supply, from M to M’.
This will shift the money supply vertical line to the right, decreasing the interest rate. Output
remains fixed in the exercise implying that we should end up having a lower interest rate for any
given level of output. The LM curve, therefore, shifts downwards.



Graph 11: Shifts in the LM Curve
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5 Putting the IS and LM Relations Together

e We now put the IS and LM relations together.
IS:Y=C(Y-T)+1(Y,1)+G (14)

Ega et =) (15)

g

e Every point on the IS curve corresponds to an equilibrium in the goods market and every point
in the LM curve corresponds to an equilibrium in the financial market. The point at which both
curves intersect, therefore, corresponds to the values of 7 and Y at which both markets are in
equilibrium (a general equilibrium point).

Graph 12: 1S-LM Model

Interest Rate, i

Income, ¥
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5.1 Fiscal Policy, Output and the Interest Rate

o The IS-LM framework is a useful tool for policy analysis. Consider for example the effect of an
increase in taxes. As we just saw this will shift the IS curve to the left. Since the policy does not
affect the financial market, the LM curve will not shift. The new equilibrium will be at point
A’ in Graph 13 and the final effect of the policy will be a lower level of production and a lower
interest rate.

Graph 13: An Increase in taxes
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5.2 Monetary Policy, Output and the Interest Rate

e A similar analysis can be made for the monetary policy case. Consider a money expansion from
M to M'. As we saw above this will shift the LM curve to the right. No change occurs on the IS
curve and therefore equilibrium changes from point A to point A’ in Graph 14. The expansionary
monetary policy causes higher output and lower interest rates.

Graph 14: A Monetary Expansion
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5.3

Policy Mix 1

e Suppose that the government wants to reduce its fiscal deficit by increasing taxes (it could also

do it by reducing G), but knows that the effect of such policy would be lower output and lower
interest rates (because the policy would shift the IS curve to the left). If the government wants
to reduce its deficit without reducing output, then the fiscal policy could be complemented with
a monetary policy: a monetary expansion in a magnitude such that the shift in the LM curve
will be enough to keep output unchanged. The final result will be only a decrease in the nominal
interest rate.

Graph 15: Deficit Reduction and Monetary Expansion
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5.4 Policy Mix 2

e Blanchard gives the following account of the German unification in 1990:

1.

Upon unification the government had to increase its deficit (T’ — G) because of the large need
of resources demanded by the unification process (this spending was related with things like
new infrastructure, cleaning up environmental damage, unemployment benefits and government
subsidies to non competitive firms).

. The result of this higher spending was a rapid increase in demand and production.

. The German Central Bank (the Bundesbak), worried that growth was too strong (this may have

effects on inflation), decided to apply a contractionary policy.

. The final effect was a combination of growth (driven by government spending) and higher interest

rates (driven by the contractionary monetary policy).

12



Graph 16: Post-Unification Policy Mix
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Ap

pendix: Working with Lines

Straight lines

y= variable measured in the vertical axis
= variable measured in the horizontal axis
The basic equation for a straight line is
y=>b+mz (16)

What is b? b is the intercept of the straight line. The intercept is the value that y takes when
x=0.

What is m? m is the slope of the straight line.

The slope of a curve is the change in the vertical variable that corresponds to a change in the
horizontal variable.

change vertical variable

slope = (17)

change horizontal variable

The sign of the slope tells whether the curve slopes up or down.
When a curve slopes down m is negative

When a curve slopes up m is positive

e The size of m tells us how steep of flat the curve is.
e The higher (in absolute value) m is the steeper the line is.
e The lower (in absolute value) m is the flatter the line is.
e If you have two points on a line (x1,y1) and (22,y2), you can find the line’s slope using the
following formula
y2 —yl
slope = ——
S z2 -2zl (18)
e A straight line has the same slope in every point.
Graph 1
Y
B fessionsntansnssisinsssniana
1
1 —»Slope = (y2 - y1)/(x2-x1)
Y1 ————— ————-Ip
i
i
Intercept b S
i
i 5

X2 X
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Curved lines

e A curved line has a different slope at every point.

e Let’s say you want to find the slope of the curved line at point A in Graph 2. Then you first need
to find a straight line that touches the curved line exactly at point A (this is called a tangent
line — a line that touches the curve at just one point). Then apply formula (18) to two points in
the straight line and you’ll obtain the slope of the curved line at point A.

e When the curvature of the curved line aims to the origin the curve is said to be “convex”

e When the curvature of the curved line aims to the opposite direction the curve is said to be
“concave”

Graph 2

Y

YA

Concave Convex
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14.02 Quiz 1
Mo Cheat ‘“65@@71-

Spring 2010

1 Short questions (30 points)
Each of these is worth 6 points.

1. Suppose we introduce commercial banks in the economy. The money
multiplier (the impact of a unit imcrease in the monetary base on the

\/ money supply)

(a) does not change

(b) decreases
(c) increases from 1 to a number greater than 1

2. Suppose a bond pays $1000 in one year. If the price of the bond is
$750, we know that the interest rate on the bond is:

T gyl
/ @)%

(b) 25% 766 < (000 Y31 7600 2 0w

[

(c) 15% [+ 26‘0:‘ )6“()(

3. When the nominal interest rate falls to zero "IET‘ e

(a) the central bank can increase M and push 2 below zero

(b) the central bank cannot increase M



'\/ @ the central bank can increase M but 2 will not change

4. The natural level of output depends on
~
. . y ¢ (no
government spending &, net taxes 7 and nominal money M

\/ @the markup variable i and the catch-all variable modelling factors
that influence wages other than unemployment, z
) ployment, = o0 W)

) all of the above

5. Consider the impact of a monetary expansion on output in the IS-LM
and in the short-run of the AS-AD modet—The change 1n output 1s

gﬂ%‘ﬁ @the same 1n the two models
(b) smaller in the IS/LM model

maller in the short-run of the AS-AD model
Lqble  —
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2 Long question 1: the IS/LM model (27)

Consider the following specification of the IS-LM model:

8 C=c+aY -aT
b2 I=14+dY —d
M? . L‘g—:}'-iforﬂgi<1’ /LQQ{ fo /54/(,/
M2 M =M
4 £ ‘emmﬁﬂ/-
As usual, we assume that the economy 13 closed so the trade balance is zero. ‘(
Public spending is denoted by G. T Wf’t-/é [
2
oods rmadet % d

1. derive the IS Qrve_ Express it as giving Y as a function of 7 |2 points]

Cﬁ: Q:[fff—?

GG Y- T F1 v LY ~d, 4 %

\(”C.\(‘d,? f(oﬁCITJrj*dlj £
1= %'Cﬁ»f“dzi b T edde 04 Ty

ol
— ~-
¢ -4 [ Co {!TTIT() JZ’ /{t
(a) Write down the good market multiplier [1/2 point]? Name it [{J ”[j;

m. Write down autonomous spending [1/2 point]? Name it A.
Rewrite the IS curve using m and A .

CO :A Mo H ;/\{,]ud\% Co ‘”C/TTTTG
h( {/}-—C,Tv‘f ~d; 4 *5)(%)
VT < T efpd 7
“Mp-dy )




2. Derive the LM curve. Express it as giviplg ¢ as a function of Y, using

m and A as defined above [3 points|.
(a) \iahe sure you identify the range of values of Y for which i = 0 [1

poin TPl

Mp Y~ <y LY

0

7

\{71‘1

j‘”O ug :

/i
P
1~

Assume mA > M /P throughout this long question. Draw the IS/LM
graph [2 points]. T+ jut ol




4. compute the equilibrium i.e. solve for (z*,Y*) [2 points]
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Now suppose public spending increases by AG > 0 (fiscal expansion).

5. Compute [1 points] and show graphically [1 point] the resulting change
in the equilibrium i.e. (Az" AY™").
Describe intuitively [2 points].

Jut 1§ CManges
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6. Now suppose that following this increase in G, the CB wants to keep
interest rates at the original level.
Show graphically what it would need to do [1 point].
Then compute by how much should M change in order to achieve this
[1 point].
Describe intuitively [2 points].
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o s {'" 7. what h'ippeno to con:au%ption private savings (5), total saving (private
saving S plus public saving (T — &)) and investment as a result of
b"”‘ this policy mix? Fill in the table [4 points] and describe intuitively [1
point]. Use + for a positive change, — for a negative change and 7 for

an ambiguous change. _ _+ gtﬁulﬂ ﬂl&s /4(/%@6{ ) (lr\/a& I W}’"/
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3 Long question 2:

Tf\ueehun‘}

points)

— tnked-cute

—Sales

Can Mae m Smllw

or J/L{f t‘/i/

Consider the AS/AD model that we saw in class:

with government spending denoted by G.

equation is given by

We assume that F'(u, z

with 5 = 0. So the wage-setting relation becomes

L
v i
C%
¥
e
M

Ws: W=FP'F(u,z

)'z_-\"'
P=({1l+uH

= Cp + € ()' "‘T)

I=dY —i
Me

Loy~

M

) 1s linear in v and =z

{ne tlon

Fluz)=1—u+ 3z

<=~

—_——

W=P(1l-u)

)

Finally, let L denote the labour force of this economy.

the AS/AD model (43

Recall that the wage setting

1. Under these a:‘:,umptaona derive the equation describing the set of

points 1in (P Y )yspace that are consistent with labour market equi-
1515 the AS curve. Do this analytically first [2 points] and
then draw a graph [2 points]
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Write down the natural level of output in this economy (1 point) as
well as the natural rate of unemployment [1 point] as functions of pa-
rameters.

Mark Y;, on your graph [1 point)]

Yn It’é W)"Qf\ ’D‘PC
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Under these assumptions, der&i.’h/q ations describing the lS curve

[2 points] and the LM curve [2 points].

To make your algebra easier, once you've done your calculations use
A to denote autonomous spending and m to denote the good market
multiplier. Draw the IS-LM graph [2 points] .

Use your IS and LM curves to derive the equation describing the set of
points in (P, Y') space that are consistent with good and money market
equilibrium. This is the AD curve [3 points].
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4. Assume that {22 < ;& Draw the AD curve on your graph [1 point].

v s

Al

Y
1 #S
i AP

i |

5. Show the MR equilibrium of this economy on both your graphs (2
points per graph for a total of 4).

b0 Qb



Now supppose that the government decides to embark on a policy to

increase saving. We are going to model this as a decrease in the marginal
propensity to consume(c;, ¥iven by Ac, =¢) —¢; < 0.

¢ A

(b) Describe intuitively [4 points]

Show graphically the ﬁrs@quiiibrium (i.e. the equilibrium that the I

economy moves to when ¢y decreases) in both (P,Y’) and (z,Y") space n (&M{,{

1 point]. | | Vo how fo soke
We apologise for not catching the typo in the exam. You should have )
consistently been asked to work under the assumption that the marginal Wd of MWJ
propensity to consume decreases. Here we give you the solutions forwﬂf‘;\ ot (/Ld't/ﬂf?q
o decrease in c;. but you will get full credit if you answered correctly W)Li h Al
considering o change in either direction.

(a) Figure out the response of (Y, P,1,C I, P?) (without doing any
maths) [3 points] and fill the table below (use + for a positive
change, — for a negative change and 7 for an ambiguous change).

AP ['AY | i | AC | AL AP®




8. Show graphically the new( N[R>equilibrium in both (P, Y") and (z,Y)
space [1 point].

(a) Figure out the response of (Y, P,7,C, I, P¢) (without doing any
maths) and fill the table below (use + for a positive change, — for
a negative change and ? for an ambiguous change) [3 points].

AP [AY | Di |AC | Al [ AP

= N =
Tyl

r .
Wr\x(}& J?'

(b) Compare the change in P and ¢ going from the old MR equilibrium
to the first SR equilibrium to the change in P and i going from
the old MR to the new MR equilibrium. What do you observe?
Why? [1 points].

P (E(% @d'/'u‘oa‘



(¢) What condition on prices and output holds in the MR? [1/2 point
each|

9. How does the economy adjust from the first SR equilibrium (i.e. the

equilibrium that the economy moves to when ¢; decreases) to the new
MR equilibrium? Describe intuitively. Make sure you track what’s hap-
pening in all three markets [8 points).
We apologise for not catching the typo in the exam. You should have
consistently been asked to work under the assumption that the marginal
propensity to consume decreases. Here we give you the solutions for
a decrease in ¢y, dut you will get full credit if you answered correctly
considering a change in either direction.
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14.02 Quiz 1

Spring 2010

1 Short questions (30 points)

Each of these is worth 6 points.

1. Suppose we introduce commercial banks in the economy. The money
multiplier (the impact of a unit increase in the monetary base on the
money supply)

(a) does not change
(b) decreases

(c) increases from 1 to a number greater than 1

ANS: (c)

2. Suppose a bond pays $1000 in one year. If the price of the bond is
$750, we know that the interest rate on the bond is:

(a) 33%
(b) 25%

(c) 15%
ANS: (a)

3. When the nominal interest rate falls to zero

(a) the central bank can increase M and push ¢ below zero

(b) the central bank cannot increase M



(c) the central bank can increase M but ¢ will not change
ANS: (c)

4. The natural level of output depends on

(a) government spending G, net taxes 7" and nominal money M

(b) the markup variable x and the catch-all variable modelling factors
that influence wages other than unemployment, z

(c) all of the above
ANS (b)

5. Consider the impact of a monetary expansion on output in the IS-LM
and in the short-run of the AS-AD model. The change in output is

(a) the same in the two models
(b) smaller in the IS/LM model

(c) smaller in the short-run of the AS-AD model
ANS: (c) because of price adjustment

2 Long question 1: the IS/LM model (27)

Consider the following specification of the IS-LM model:

£ C=c+cY —cT
Iz sz-{-dlY—in
Mé: M=y —ifor0<i<Y
M?: M:=M

As usual, we assume that the economy is closed so the trade balance is zero.
Public spending is denoted by G.

1. derive the IS curve. Express it as giving Y as a function of 7 [2 points]
ANS:

1 ds )
¥ = e
]L—C]_—d]k,‘al

—m(CO—C1T+I+G)—



(a) Write down the good market multiplier [1/2 point]? Name it
m. Write down autonomous spending [1/2 point]? Name it A.
Rewrite the IS curve using m and A .

ANS
mo= L
- 1—C1—d1
A'E = TETEE

Y = mA—dymi

2. Derive the LM curve. Express it as giving 7 as a function of Y, using
m and A as defined above [3 points|.

(a) Make sure you identify the range of values of Y for which i =0 [1
point]

ANS v, i, ypss i
e P
LM : 1 { 0 Y < %
3. Assume mA > M/P throughout this long question. Draw the IS/LM
graph [2 points].

4. compute the equilibrium i.e. solve for (i*,Y™*) [2 points]
ANS:

Ve mA e mdy M
= 14 md2 1+ mdg o4
mA 1 M

1+md2 - 1+md2?

(a) Is the economy in a liquidity trap? Explain [3 points].
ANS: the liquidity trap is a situation where the equilibrium of
the economy lies on the flat portion of the LM curve. In this
region, the central bank cannot bring interest rates down by doing
expansionary monetary policy. Since mA > M/ P, our equilibrium
rate 2* > 0, so the economy is not in a liquidity trap.

Now suppose public spending increases by AG > 0 (fiscal expansion).



5. Compute [1 points| and show graphically [1 point] the resulting change
in the equilibrium i.e. (Ai*, AY™).
Describe intuitively [2 points].
ANS:
] m
AY"=Ai" = —AG
1+ md2
An increase in G result in an outward shift of the IS curve, since at
any value of the interest rate the good market now clears at a higher
level of output. As G increases, aggregate demand rises driving output
up. As income increases, money demand also increases, thereby driving
interest rates up. Hence, both output and interest rates are higher in

the new equilibrium. .

6. Now suppose that following this increase in G, the CB wants to keep
interest rates at the original level.
Show graphically what it would need to do [1 point].
Then compute by how much should M change in order to achieve this
[1 point].
Describe intuitively [2 points].
ANS
1 1 m
1+ md, il S s mdzAG
AM = mPAG

The central bank aims to decrease the opportunity cost of holding
money. Since the central bank does not control money demand, it
needs to increase supply to reduce the price of money. As the price
of money decreases, investment increases, thereby driving aggregate
demand up. Since demand is now higher, output must increase

7. what happens to consumption, private savings (S), total saving (private
saving S plus public saving (7" — G)) and investment as a result of
this policy mix? Fill in the table [4 points] and describe intuitively [1
point|. Use + for a positive change, — for a negative change and ? for
an ambiguous change.

RO TRSAG LT =6) | AT




ANS

AC[AS[A(S+(T-G) Al
+ |+ + +

As a result of the policy mix, output increases relative to the old equi-
librium and interest rates stay the same. Higher output means higher
income, so higher consumption and higher private saving. Higher out-
put also implies higher sales, so investment rises, given that interest
rates are the same as in the original equilibrium. Since I = S+(T — G),
it follows that total saving increases.

3 Long question 2: the AS/AD model (43
points)
Consider the AS/AD model that we saw in class:
Y: Y=N

aoE P=(14+pW
C: C=cq+a(Y-T)

I I=dY —i
M Moy
M M

with government spending denoted by GG. Recall that the wage setting
equation is given by
WS: W=PF(u,z)

We assume that F' (u, z) is linear in v and z
F(u,z)=1—u+fz
with 8 = 0. So the wage-setting relation becomes
W=P(1—-u)

Finally, let L denote the labour force of this economy.



1. Under these assumptions, derive the equation describing the set of
points in (P,Y) space that are consistent with labour market equi-
librium. This is the AS curve. Do this analytically first [2 points| and
then draw a graph [2 points]

ANS..

1§
P=P(1+p) 7

2. Write down the natural level of output in this economy (1 point) as
well as the natural rate of unemployment [1 point] as functions of pa-

rameters.
Mark Y,, on your graph [1 point)]
ANS
i L
1+
- [t
W R

3. Under these assumptions, derive the quations describing the IS curve
[2 points] and the LM curve [2 points].
To make your algebra easier, once you've done your calculations use
A to denote autonomous spending and m to denote the good market
multiplier. Draw the IS-LM graph [2 points] .
Use your IS and LM curves to derive the equation describing the set of
points in (P,Y’) space that are consistent with good and money market
equilibrium. This is the AD curve [3 points].

ANS
IS Y =mA—-—mi
LM o
AD P=y5= Y+—£’W"““ > ”—"‘%-A

m m

4. Assume that ﬁ—i = ﬁ Draw the AD curve on your graph [1 point].

5. Show the MR equilibrium of this economy on both your graphs (2
points per graph for a total of 4).

Now supppose that the government decides to embark on a policy to
increase saving. We are going to model this as a decrease in the marginal
propensity to consume, ¢;, given by Ac; = ¢} —¢; < 0.

6



7. Show graphically the first SR equilibrium (i.e. the equilibrium that the
economy moves to when ¢; decreases) in both (P,Y) and (i,Y) space
[1 point].
We apologise for not catching the typo in the exam. You should have
consistently been asked to work under the assumption that the marginal
propensity to consume decreases. Here we give you the solutions for
a decrease in c;, but you will get full credit if you answered correctly
considering a change in either direction.

(a)

{
ft EG.\GACUJ \

Figure out the response of (Y, P,i,C, I, P¢) (without doing any
maths) [3 points| and fill the table below (use + for a positive
change, — for a negative change and 7 for an ambiguous change).

AP AY | N VACY AT |- AP

ANS:

AP |AY | Ai | AC | AT | AP®
S I B A T R

Describe intuitively [4 points].

ANS

An increase in the marginal propensity to save decreases aggregate
demand at any value of the interest rate. As a result, output

falls (the IS moves inward). Since income is lower, consumption

decreases. As for prices, the decrease in production means that
fewer workers are required, so the UDGHJWDt mteT’_rrs,j_s,,Asa
result, nominal wages fall, and prices decrease. This causes real
money balances to /increase (the LM shifts out). This increase in
the supply of money lowers interest rates. The effect on investment
is therefore ambiguous. On the one hand, interest rates decrease
so investing should be cheaper. On the other hand, sales drop,

so the incent mcentlygs to 1nvest__a:1£lv_e_£@r Finally, price expectations
don’t change, because they are given from the time when workers

Mesos,

last negotiated wages. B(Jm ﬁh('f‘f {'f‘L 'i’[@;@ CD/

8. Show graphically the new MR equilibrium in both (P,Y) and (,Y)
space [1 point].



(a) Figure out the response of (Y, P,i,C, I, P¢) (without doing any
maths) and fill the table below (use + for a positive change, — for
a negative change and ? for an ambiguous change) [3 points].

AP AN AT NG PAT | APE

ANS

AP |"A¥svARAGC AT APS
= 0 : n =+ N
In the MR, the economy is in equilibrium at the natural level of

output. Prices, expectations and interest rates are all lower.

(b) Compare the change in P and i going from the old MR equilibrium
to the first SR equilibrium to the change in P and i going from
the old MR to the new MR equilibrium. What do you observe?
Why? [1 points].

ANS:
The change in prices and interest rates are greater in the MR than
in the SR, because prices adjust.

(c) What condition on prices and output holds in the MR? [1/2 point
each|
ANS
The condition that needs to hold is P = P® and Y =Y,,.

9. How does the economy adjust from the first SR equilibrium (i.e. the
equilibrium that the economy moves to when ¢; decreases) to the new
‘MR equilibrium? Describe intuitively. Make sure you track what’s hap-
pening in all three markets [8 points].

We apologise for not catching the typo in the exam. You should have
consistently been asked to work under the assumption that the marginal
propensity to consume decreases. Here we give you the solutions for
a decrease in c;, but you will get full credit if you answered correctly
considering a change in either direction.

ANS:

The adjustment happens through price expectations P¢. In the first
SR equilibrium, prices are lower relative to the original MR equilib-
rium but expectations are unchanged, so PP* < PfME. As a result,

8



price expectations decrease, thereby pushing nominal wages down. As
the marginal cost of production decreases, firms decrease prices. This
causes an additional increase in real money balance—s_?ifﬁ_é_éorrespond—
ing fall in interest ratés. As interest tates decrease, investment rises,
pushing up aggregregate demand and output. The economy moves to a
second SR equilibrium with higher output, lower prices and lower inter-
est rates. If the price level is still smaller than the expected price level,
this process continues. If the two are equal, Mt process

stops. ‘/,{ ﬂ )0 e

7 ot
Lv4¢f 4‘4%/
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Long question 1 - sub-questions 3 and 5

IS/LM graph and results of fiscal expansion
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Long question 1 - sub-question 6

Results of monetary expansion
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Long question 2 - Sub-questions 3 and 5
IS/LM and AS/AD graphs
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Long question 2 - Sub-question 7
The First SR Equilibrium
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Long question 2 - Sub-question 8
The new MR equilibrium
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14.02 Principles of Macroeconomics
Spring 2009

Quiz 1
Thursday, March S
7:30 PM -9 PM

1 Multiple Choice (30 points, 6 points each)

Choose only one answer per question.

1. An increase in taxes (at an unchanged level of government spending and money supply)

{a) reduces private investment
{b) stimulates private investment
{¢) has an ambizuous effect on private investment

2. Consider an economy with 2 zoods and compute the real GDP growth rate between years t and t+1
using the chain index. Data are

Good 1
pt =10
v =10
P =10
Yo =11
Good 2
p? =10
y? =10
p?»e—l =14
5154-1 =12

The correct answer is
(a) 16.3%
{h) 15.4%
(c) 15.0%



3. When the central bank has brought the interest rate to zero. an open market purchase of bonds

(a) raises investment but has no effect on consumption

(b) raises investment and consumption

(c) leaves investment and consumption unchanged

4. (Use the Goods Market Model to answer this question.) The Congressional Budget Office estimates
that over the coming two vears the US economy will lose about 3 trillion {3000 billion) US dollars
worth of output. The stimulus package is about 800 billion, 2/3 in the form of higher G and 1/3 in the
form of lower T. How large should the multiplier on government spending be for the stimulus package
to make up exactly for the output loss?

(a) 3.75
(b) 4.08
{c) 5.68

5. If taxes increase and the Central Bank is following a fixed interest rate rule. it will

{a) decrease money supply
(b) keep money supply unchanged

(¢) increase money supply



2 IS-LM (40 points)

Consider the following IS-LM model:

.+..

-
Lol = Lo =

i |

Wl = )N = Do) -
I
(SN

};-“J
=~
w

I
)
=

1. State the exogenous variables. (3 points)

2. Consider the goods market equilibrium. Selve for production as a function of the interest rate and
the other exogenous variables (the IS relation). What is the multiplier at unchanged i? {just state a

number) {4 points)



3. Consider the financial market equilibrivin. Why is the money demand decreasing in the interest
rate? (2 lines maximum). State the equilibrium condition and solve for the LM relation. (3 points)

o

4. Find the equilibrium interest rate (i*) and output (17"} in this economy. (5 points)



5. Consider an expansion in Government spending. Show graphically the change in the IS and LM curves
and the effect on (Y*.¢*). What is the effect on equilibrium output of an extra dollar spent? Is this
number greater or smaller than the multiplier found in point 2 (when we were looking at the goods
market exclusively)? How would your answers change for a flat LM? (5 points)

6. It turns out that the money demand function vou had at the beginning of the exercise is appropriate
only when the interest rate is higher than 0. From now until the end of this question, we will
assume that the money demand is given by the tollowing:

M4 |

? = 5)'—7410133’0
A1
B G[EY. o). fori = 0

That is. when the interest rate is greater than 0. the money demand is as before but when the interest
rate is 0. people will be willing to demand any amount of money as long as it is greater than %}’. Draw
the new LM curve in a graph, labelling the intersection point with the horizontal axis. (5 points)



7. Find the equilibrium values of Y™ and ¢ for the values of A/*, P, G and T given below (use the money
demand function given in 6). (5 points)

G = 5
T = 3
M = 10
P = 2

8. What happens when the Central Bank doubles the money supply {1/% = 20)? Draw a graph and find
the new values of ¥ and i. {5 points)



9. The money supply is at the initial level (1/° = 10). What happens when the government increases
expenditure such that & = 77 Draw a graph and find the new values of ¥ and 7.(5 points)



3 Expansionary government spending (30 points)

1. Ceonsider an economy in which taxes are proportional to the income level T = 7Y, Consumption is

increasing in disposable income C = ¢p +¢1 (17 — T') .Assume investment and government spending are
exogenous.

{a) It ¢; = 0.8 and 7 = 0.2, what is the effect on GDP of a $1 trillion fiscal stimulus plan? (5 points)

{b) How does the effect of government spending on output depend on the marginal tax rate? (5
points)



2. Now instead of what was assumed In part (1). assume the government launches a stimulus plan while
committed to sustain budget balance (T = G). Assume investment is exogenous and consumption is

C =co+ (Y —T). What is the effect on output of a one dollar increase in G? Explain your result
in words. (10 points)

. A prominent economist wrote on his blog. . .

‘In a context of increased uncertainty. those with high current income plus liguid assets can more easily
bear the effects of the uncertainty and would change their consumption less. But if consumption is
depressed more af lower levels than at higher levels. then the marginal propensity to consume has gone
up for the entire economy. In other words. uncertainty raises the marginal propensity to consume.’

According to this prominent economist. what can vou say about the effect of an expansionary govern-
ment spending program In times of uncertainty? (10 points)
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1 Multiple Choice (30 points, 6 points each)

Choose only one answer per question.

1. An increase in taxes (at an unchanged level of government spending and money supply)

(a) reduces private investment
(b) stimulates private investment
(c¢) has an ambiguous effect on private investment

Solution: c¢. Investment increases because of the decrease in the interest rate but decreases because
of the lower income.

2. Consider an economy with 2 goods and compute the real GDP growth rate between years t and t-+1
using the chain index. Data are

Good 1
p; =1.0
¥ =10
P§+1 =10
TJ:l+1 =11
Good 2
p2=1.0
y? =1.0
P?+1 =14
”U?+1 =12

The correct answer is

(a) 16.3%

(b) 15.4%

(c) 15.0%
Solution: b

1 [Pha¥is +Phavin | Pi¥in +PiYin
2| phayl +piavE Pyt + piyi
1
2

(1.15833 + 1.15) — 1 = 15.4%

3. When the central bank has brought the interest rate to zero, an open market purchase of bonds

(a) raises investment but has no effect on consumption

(b) raises investment and consumption



(c) leaves investment and consumption unchanged
Solution: ¢. When the interest rate is zero, an expansionary monetary policy cannot lower
the interest rate further, given that it is already zero. Hence, it cannot change investment,
consumption, or output.

4. (Use the Goods Market Model to answer this question.) The Congressional Budget Office estimates
that over the coming two years the US economy will lose about 3 trillion (3000 billion) US dollars
worth of output. The stimulus package is about 800 billion, 2/3 in the form of higher G and 1/3 in the
form of lower T. How large should the multiplier on government spending be for the stimulus package
to make up exactly for the output loss?

(a) 3.75
(b) 4.08
(c) 5.68
Solution. b
1 c
A = AG — AT
l1—-c 1-c¢
1
3000 = -——533.33+ ——266.67
l1-c¢ 1-c¢
3000 — 533.33
© = 3000126667 " 0
multiplier = L =4.08
1—-c¢

5. If taxes increase and the Central Bank is following a fixed interest rate rule, it will

(a) decrease money supply
(b) keep money supply unchanged
(c) increase money supply

Solution: a. An increase in taxes shifts the IS to the left, in order to maintain the interest rate at
its original level we need a shift to the left of the LM which is generated by a decrease in money

supply.

2 IS-LM (40 points)

Consider the following IS-LM model:

—

1
— — —Y—
C 5 3( T)
1 1
G = G
Md 1
P T3
M = M

S}



. State the exogenous variables. (3 points)
Solution. G, T, M* and P.
. Consider the goods market equilibrium. Solve for production as a function of the interest rate and

the other exogenous variables (the IS relation). What is the multiplier at unchanged 7 (just state a
number) (4 points)

Solution.
1 o | ;
e k= §+§(Y—T)+§+§Y—1+G
2 1 _
) 1+§Y~5T—1+G

Y = 3-T-3+3G

The multiplier is 3 (think of the effect on Y of a 1 dollar increase in G). Alternatively, the IS is

. 1 1
’E—l—gT‘FG—gY

. Consider the financial market equilibrium. Why is the money demand decreasing in the interest
rate? (2 lines maximum). State the equilibrium condition and solve for the LM relation. (3 points)

Solution.
M 1
i .
1 M
Lo 1y M
g il ub

. Find the equilibrium interest rate (i*) and output (Y*) in this economy. (5 points)

1 1 1 M
P R B,/ TP e, - i
3 e 3 3 P

a 31 3 3M

ke E o

o = e iles il LA

§ B aEet-on

. Consider an expansion in Government spending. Show graphically the change in the IS and LM curves
and the effect on (Y*,7*). What is the effect on equilibrium output of an extra dollar spent? Is this
number greater or smaller than the multiplier found in point 2 (when we were looking at the goods
market exclusively)? How would your answers change for a flat LM? (5 points)

Solution. The graph is the usual one, with the IS shifting to the right, so that both equilibrium output
and interest rate are higher. The effect of a $1 increase in G is 3/2 which is less than the multiplier
found in part 2 above. This is because the LM is upward slopping. If it was flat, the effect would equal
the multiplier, 3.



6. It turns out that the money demand function you had at the beginning of the exercise is appropriate
only when the interest rate is higher than 0. From now until the end of this question, we will
assume that the money demand is given by the following:

Md

?' = %Y—E,f()l"&>0
ME ,
HFE[EY,OO),fOF?, = 0

That is, when the interest rate is greater than 0, the money demand is as before but when the interest
rate is 0, people will be willing to demand any amount of money as long as it is greater than %Y. Draw
the new LM curve in a graph, labelling the intersection point with the horizontal axis. (5 points)

Solution.

4



LM

3*(M/P) Y

7. Find the equilibrium values of ¥ and ¢ for the values of M * P, G and T given below (use the money
demand function given in 6). (5 points)

G =5
T .

M® = 10
P 2

Solution.

e =

Y=

8. What happens when the Central Bank doubles the money supply (M?® = 20)? Draw a graph and find
the new values of ¥ and . (5 points)

Solution. Y and i don’t change. The expansionary monetary policy can’t reduce the interest rate,
because it is already 0, and therefore doesn’t have any impact on Y



M

LM’

9. The money supply is at the initial level (M*® = 10). What happens when the government increases
expenditure such that G = 7? Draw a graph and find the new values of ¥ and i.(5 points)

Solution.

Bl Vil 0100
Y* = 3-3-3x14+3x7T=18

LM




Expansionary government spending (30 points)

. Consider an economy in which taxes are proportional to the income level T = 7Y. Consumption is
increasing in disposable income C' = ¢y +¢; (Y — T') .Assume investment and government spending are
€XOgenous.

(a) If ¢; = 0.8 and 7 = 0.2, what is the effect on GDP of a $1 trillion fiscal stimulus plan? (5 points)
Answer: the multiplier is ﬁ = 2.77. So 2.77 trillion increase in GDP.

(b) How does the effect of government spending on output depend on the marginal tax rate? (5
points)
Answer: The higher 7 the lower the multiplier and therefore the less effective the fiscal stimulus
plan.

. Now instead of what was assumed in part (1), assume the government launches a stimulus plan while
committed to sustain budget balance (T' = G). Assume investment is exogenous and consumption is
C=co+ci1(Y —T). What is the effect on output of a one dollar increase in G?7 Explain your result
in words. (10 points)

Answer: An increase in GG of one dollar increases output by one dollar. The multiplier of government
expenditure is 1, not larger than 1 as we are used to. the reason is that budget balance requires to
raise taxes to pay for the increase in expenditures. The expansionary effect of higher G is dampened
by the higher taxes required to pay for it.

. A prominent economist wrote on his blog. ..

‘In a context of increased uncertainty, those with high current income plus liguid assets can more easily
bear the effects of the uncertainty and would change their consumption less. But if consumption is
depressed more at lower levels than at higher levels, then the marginal propensity to consume has gone
up for the entire economy. In other words, uncertainty raises the marginal propensity to consume.’

According to this prominent economist, what can you say about the effect of an expansionary govern-
ment spending program in times of uncertainty? (10 points)

Answer: according to this economist, in times of uncertainty the marginal propensity to consume
increases, therefore the multiplier increases and the stimulus plan is more effective.



