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Demand for money



Money demand

Eurostat 1

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Households_-_statistics_on_financial_assets_and_liabilities#Structure_of_assets_and_liabilities


Money demand

Money buys goods, and goods buy money, but rarely goods buy goods (barter)

Literature on “deep” theory of money: Kiyotaki and Wright (1991), Lagos and Wright (2005)

Not interested here in why people want to hold money
Interested in what affects the observed demand for money

Motives for holding money:
• transaction demand
• precautionary demand
• asset / speculatory demand
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https://www.sciencedirect.com/science/article/pii/002205319190154V
https://www.jstor.org/stable/10.1086/429804


Transaction demand for money

Modeled in spirit of Baumol (1952) and Tobin (1956)

Consider the following real-life example:
• Ignore cash, focus on electronic money
• Two accounts in bank: checking and savings
• Costless transfers / purchases via checking account
• Savings account pays interest i
• Transfer from savings account costs K
• Monthly purchasing needs are PY , at uniform rate
• How much moneyM should I hold on average?
• Equivalently: how many transfers n should I make?
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https://www.jstor.org/stable/1882104
https://www.jstor.org/stable/1925776


Baumol-Tobin model

Number of transfers n, amount transferred m, PY = mn

Average money holding
M = m

2
= PY

2n
Optimization problem

min Kn+ iM = Kn+ iPY

2n
• Kn are nominal transferring costs
• iM is opportunity cost of holdingM
outside the savings account

First order condition
K − iPY

2n2 = 0
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Baumol-Tobin model

Optimal number of transfers, where k ≡ K/P

n2 = iY

2K/P
→ n =

√
iY

2k

Average money holding

M = PY

2n
= P ·

√
Y k

2i
Taking logarithms

lnM = lnP + 0.5 ln Y − 0.5 ln i+ 0.5 ln k
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Reallocation of deposit portfolio in Poland following changes in i

mBank
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Ramka%20https://twitter.com/mbank_research/status/1584800958512795648


Empirical studies on money demand
The sample used in this paper that consists of 381 empirical estimations relating to 16 different OECD countries yields an
average income elasticity estimate almost equal to 1.0 with a sizeable standard deviation of 0.37.

Knell and Stix (2005)
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https://onlinelibrary.wiley.com/doi/full/10.1111/j.0950-0804.2005.00257.x


Digression: monetary aggregates

Money = Central bank money + Commercial bank money (created when issuing loans)

M0: cash in circulation

MB: M0 + cash in commercial and central banks’ vaults

M1: M0 + demand deposits + traveller’s checques

M2: M1 + savings deposits + some time deposits and money market funds

M3: M2 + remaining time deposits

MZM: M2 + remaining money market funds

In previous graph:
• Narrow money: M0 or M1
• Broad money: M2 or MZM
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https://en.wikipedia.org/wiki/Traveler%27s_cheque


“Fixing” the Baumol-Tobin model

Checking vs savings accounts: narrow money

Think now on choosing “broad” money vs bonds

Buying / selling bonds: broker fees b

Assume m is exogenous (due to fee structure it is not optimal to convert m < m̄)

min bmn+ iPY

2n

First order condition

bm− iPY

2n2 = 0 → bPY

n
= iPY

2n2 → b = i

2n
Optimal number of transfers

n = i

2b
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“Fixing” the Baumol-Tobin model

Average money holding
M = PY

2n
= PY · b

i

Taking logarithms
lnM = lnP + lnY − ln i+ ln b

Only a fraction ω of people participates in asset markets

M = ω · PY · b
i

+ (1 − ω) · PY = PY

[
1 + ω

(
b

i
− 1
)]

lnM = lnP + lnY + ln
[
1 + ω

(
b

i
− 1
)]

Interest (semi-)elasticity of money demand depends (in absolute value) positively on ω
(see e.g. Reynard 2004)
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https://www.sciencedirect.com/science/article/abs/pii/S0304393204000704


Empirical studies on money demand

Briglevics and Schuh (2014) 11

https://www.ecb.europa.eu//pub/pdf/scpwps/ecbwp1660.pdf


General Equilibrium approaches to modeling money demand

Cash In Advance: cash is required to buy certain goods (similar to Baumol-Tobin)

Shopping Time: money (vs barter) facilitates trade, less time spent making transactions

Money In Utility: “reduced form” of Shopping Time

For simplicity, we’ll focus on models without uncertainty and physical capital

General equilibrium models all result in a similar real money demand function
M

P
= L (Y, i) with LY ≡ ∂L

∂Y
≈ 1 and Li ≡ ∂L

∂i
< 0

Attention: from now on we change our notation convention
• Levels of variables will be written in big letters
• Their logarithms will be written in small letters
• Small letters will also be used for rates: interest rates, inflation rates, etc.
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Cash In Advance (CIA)

A fraction χ of goods (C1) are bought with cash, others (C2) can be bought with credit

max
{C1t, C2t, Bt, Mt}∞

t=0

U =
∞∑

t=0
βt (χ lnC1t + (1 − χ) lnC2t)

subject to Pt (C1t + C2t) +Bt +Mt = Wt + (1 + it−1)Bt−1 +Mt−1

PtC1t ≤ Mt−1

where P is the consumer price index (assume „cash” and „credit” goods have the same
prices),W is nominal wage and B are nominal bonds yielding nominal interest rate i

Lagrangian

L =
∞∑

t=0
βt

{
χ lnC1t + (1 − χ) lnC2t + µt [Mt−1 − PtC1t]

+λt [Wt + (1 + it−1)Bt−1 +Mt−1 − Pt (C1t + C2t) −Bt −Mt]

}
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Cash In Advance (CIA)

Expanded Lagrangian

L = . . .+ βt

{
χ ln C1t + (1 − χ) ln C2t + µt [Mt−1 − PtC1t]

+λt [Wt + (1 + it−1)Bt−1 +Mt−1 − PtC1t − PtC2t − Bt − Mt]

}

+ βt+1

{
χ lnC1,t+1 + (1 − χ) lnC2,t+1 + µt+1 [Mt − Pt+1C1,t+1]

+λt+1 [Wt+1 + (1 + it) Bt + Mt − Pt+1C1,t+1 − Pt+1C2,t+1 −Bt+1 −Mt+1]

}
+ . . .

First Order Conditions

C1t : βt

{
χ

1
C1t

− µtPt − λtPt

}
= 0 → λt = χ

PtC1t
− µt

C2t : βt

{
(1 − χ) 1

C2t
− λtPt

}
= 0 → λt = 1 − χ

PtC2t

Bt : βt {−λt} + βt+1 {λt+1 (1 + it)} = 0 → λt = βλt+1 (1 + it)
Mt : βt {−λt} + βt+1 {λt+1 + µt+1} = 0 → λt = β (λt+1 + µt+1)
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Cash In Advance (CIA)

If CIA constraint does not bind (µ = 0), consumption of goods reflects their shares in U

χ

PtC1t
= 1 − χ

PtC2t
→ C1t = χ

1 − χ
C2t → s = C1t

C1t + C2t
=

χ
1−χC2t

χ
1−χC2t + C2t

=
χ

1−χ
1

1−χ

= χ

The FOC for bonds B results in the Euler equation

χ

PtC1t
= β

χ

Pt+1C1,t+1
(1 + it) → 1

Ct
= β (1 + it)

Pt

Pt+1

1
Ct+1

→ Ct+1 = β
1 + it

1 + πt+1
Ct

where πt+1 ≡ Pt+1/Pt − 1 is inflation (relative change in CPI) from period t to t+ 1

Real interest rate is equal to nominal corrected for inflation

1 + rt+1 ≡ 1 + it
1 + πt+1

→ Ct+1 = β (1 + rt+1)Ct

We get the standard Euler equation for logarithmic utility function
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Cash In Advance (CIA)

If the CIA constraint binds, Euler equation applies only for „credit” goods
1 − χ

PtC2t
= β

1 − χ

Pt+1C2,t+1
(1 + it) → C2,t+1 = β

1 + it
1 + πt+1

C2t

For „cash” goods we use the FOC for moneyM and then use FOCs for C1 and C2,
as well as the „credit” Euler equation

β (λt+1 + µt+1) = λt → β
χ

Pt+1C1,t+1
= 1 − χ

PtC2t
= β

1 − χ

Pt+1C2,t+1
(1 + it)

C1,t+1 = χ

1 − χ

C2,t+1

1 + it
→ C1t = χ

1 − χ

C2t

1 + it−1

Positive nominal interest rate distorts the shares of consumed goods

s (it−1) = C1t

C1t + C2t
=

χ
1−χ

C2t

1+it−1
χ

1−χ
C2t

1+it−1
+ C2t

= χ

χ+ (1 − χ) (1 + it−1)
→ ∂s

∂it−1
< 0
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Cash In Advance (CIA)

In an equilibrium with no capital, investment and public spending,
consumption is equal to income

C1t + C2t = Ct = Yt

Money demand

Mt−1 = PtC1t = Pt · s (it−1)Yt → lnM = lnP + lnY + ln s (i)

Household welfare would be maximized if only

s (i) = χ ⇐⇒ i = 0

In the steady state

C2 = β
1 + i

1 + π
C2 → 1 + π = β (1 + i) → πi=0 = β − 1 < 0

Since a positive nominal interest rate distorts households’ decisions,
it would be optimal to set it at 0, requiring deflation (Friedman rule)
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https://en.wikipedia.org/wiki/Friedman_rule


Shopping Time

If we have money, we can easily purchase goods from any vendor

Without money we need to seek for a vendor willing to barter with us

Real money (M/P ) and time spent shopping S generate „trading services”

C = Sκ (M/P )1−κ

An inverse function maps from real money and consumption to required shopping time

S = C1/κ (M/P )(κ−1)/κ

Utility within a period becomes a Money In Utility function

u (C, S) = lnC − ψ lnS = lnC − ψ

κ
lnC − ψ

κ− 1
κ

ln
(
M

P

)
≡ a lnC + b ln

(
M

P

)
where a = 1 − ψ/κ > 0 and b = −ψ (κ− 1) /κ > 0 (which requires 0 < ψ < κ < 1)
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Money In Utility (MIU)

Real money holdingsM/P enter households’ utility function

max
{Ct, Bt, Mt}∞

t=0

U =
∞∑

t=0
βt

[
lnCt + ν ln

(
Mt−1

Pt

)]
subject to PtCt +Bt +Mt = Wt + (1 + it−1)Bt−1 +Mt−1

Lagrangian

L =
∞∑

t=0
βt

{
lnCt + ν ln

(
Mt−1

Pt

)
+ λt [Wt + (1 + it−1)Bt−1 +Mt−1 − PtCt −Bt −Mt]

}
= . . .+ βt

{
ln Ct + ν ln

(
Mt−1

Pt

)
+ λt [Wt + (1 + it−1)Bt−1 +Mt−1 − PtCt − Bt − Mt]

}
+ βt+1

{
lnCt+1 + ν ln

(
Mt

Pt+1

)
+ λt+1 [Wt+1 + (1 + it) Bt + Mt − Pt+1Ct+1 −Bt+1 −Mt+1]

}
+ . . .
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Money In Utility (MIU)

Expanded Lagrangian

L = . . .+ βt

{
ln Ct + ν ln

(
Mt−1

Pt

)
+ λt [Wt + (1 + it−1)Bt−1 +Mt−1 − PtCt − Bt − Mt]

}
+ βt+1

{
lnCt+1 + ν ln

(
Mt

Pt+1

)
+ λt+1 [Wt+1 + (1 + it) Bt + Mt − Pt+1Ct+1 −Bt+1 −Mt+1]

}
+ . . .

First Order Conditions

Ct : βt

{
1
Ct

− λtPt

}
= 0 → λt = 1

PtCt

Bt : βt {−λt} + βt+1 {λt+1 (1 + it)} = 0 → λt = βλt+1 (1 + it)

Mt : βt {−λt} + βt+1
{
ν

1
Mt/Pt+1

· 1
Pt+1

+ λt+1

}
= 0 → λt = β

[
ν

Mt
+ λt+1

]
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Money In Utility (MIU)

Euler equation (bonds)
1

PtCt
= β (1 + it)

1
Pt+1Ct+1

→ Ct+1 = β (1 + it)
Pt

Pt+1
Ct

Ct+1 = β [(1 + it) / (1 + πt+1)]Ct → Ct+1 = β (1 + rt+1)Ct

Money demand

βλt+1 (1 + it) = β

[
ν

Mt
+ λt+1

]
→ λt+1 · it = ν

Mt

1
Pt+1Ct+1

· it = ν

Mt
→ Mt = ν · Pt+1Ct+1 · i−1

t

In an equilibrium with no capital, investment and public spending,
consumption is equal to income

Mt−1 = ν · PtYt · i−1
t−1 → lnM = lnP + lnY − ln i+ ln ν

In the MIU just as in CIA household welfare is maximized for i = 0
21



RBC model with MIU

Euler equation : C−σ
t = βEt

[
C−σ

t+1 (1 + rt+1)
]

(1)
Labor supply : ψNφ

t = (Wt/Pt)C−σ
t (2)

Production function : Yt = ZtK
α
t N

1−α
t (3)

Real return on capital : rt = αYt/Kt − δ (4)
Labor demand : Wt/Pt = (1 − α)Yt/Nt (5)

Investment : It = Kt+1 − (1 − δ)Kt (6)
Output accounting : Yt = Ct + It +Gt (7)

Government spending : Gt/Yt = ρG (Gt−1/Yt−1) + (1 − ρG) (G/Y ) + ϵG,t (8)
TFP AR(1) process : lnZt = ρZ lnZt−1 + ϵZ,t (9)

Money demand (CRRA) : Mt = ν · Et [Pt+1Ct+1] · i−1/σ
t (10)

Fisher equation : Et [1 + rt+1] = Et [(1 + it) / (1 + πt+1)] (11)
Money supply : lnMt = ρM lnMt−1 + (1 − ρM ) lnM + ϵM,t (12)

Money demand : ln νt = ρν ln νt−1 + (1 − ρν) ln ν + ϵν,t (13)
Inflation rate : πt = Pt/Pt−1 − 1 (14) 22



RBC model with MIU

The model exhibits classical dichotomy: nominal variables don’t influence real ones
Equations (1)-(9) can be solved separately (RBC model)

The nominal block (10)-(14) describes dynamics of prices etc.
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RBC model with MIU: TFP shock

TFP shock (constant money supply)
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Temporarily higher productivity leads to temporary increase of output and fall of prices
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RBC model with MIU: G shock

Government spending shock (constant money supply)
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Temporarily higher G leads to temporary increase of output and prices
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RBC model with MIU: ν shock

Increase in money demand via ν (constant money supply)
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26



RBC model with MIU: M shocks

Transitory increase in money supplyM

10 20 30 40

0

0.5

1
Money

10 20 30 40

0

0.05

0.1

0.15
Prices

10 20 30 40

0

0.05

0.1

0.15
Nom_Wages

10 20 30 40

0

0.2

0.4

Inflation

10 20 30 40

-1

-0.5

0
Velocity

10 20 30 40

-0.06

-0.04

-0.02

0
Nom_Int_Rate

Price level increases by less thanM and goes back to the steady state withM
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RBC model with MIU: M shocks
Permanent increase in money supplyM
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Quantity theory of money



Equation of exchange

From money demand models we get the equation of the form

M = PY · f (i) → M/f (i) = PY

Define money velocity
V = 1/f (i) → ∂V

∂i
> 0

Equation of exchange (hereM is money supply)

MV = PY

In logarithms
m+ v = p+ y

In rates of change
∆m+ ∆v = ∆p+ ∆y
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Quantity theory of money

If V (relatively) stable, then ∆v ≈ 0 and

π ≡ ∆p ≈ ∆m− ∆y

For countries where ∆m ≫ 0, we will have π ≈ ∆m

For countries with low money growth rate,
we expect π ̸= ∆m, as ∆y and ∆v become important

McCandless and Weber (1995):
• High, almost unity correlation between ∆m and π.
Holds for all money aggregates

• No correlation between ∆m and ∆y. Exception: OECD
• No correlation between π and ∆y
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https://www.minneapolisfed.org/research/qr/qr1931.pdf


Money, inflation and real GDP growth

McCandless and Weber (1995), graph by Corrections: Page One 31

https://www.minneapolisfed.org/research/qr/qr1931.pdf
http://correctionspageone.blogspot.com/2011/05/inflation-money-growth-and-gdp-growth.html


Money, inflation and real GDP growth

McCandless and Weber (1995), graph by Corrections: Page One 32

https://www.minneapolisfed.org/research/qr/qr1931.pdf
http://correctionspageone.blogspot.com/2011/05/inflation-money-growth-and-gdp-growth.html


Money, inflation and real GDP growth

Strong link between inflation and money growth is almost wholly due to the presence
of high (or hyper-) inflation countries in the sample.

Relationship between inflation and money growth for low inflation countries is weak.

Higher growth rates of money do not lead to higher growth rates of output.

De Grauwe and Polan (2001) 33

https://ideas.repec.org/p/cpr/ceprdp/2841.html


Four big hyperinflations in 1920s

Sargent (1982), graph from Mankiw (2014) 34

https://www.nber.org/chapters/c11452.pdf
https://www.amazon.com/Principles-Economics-7th-Gregory-Mankiw/dp/128516587X


Money and inflation in euro area
The link between money growth and inflation is most robust in the long run.

ECB (2011) 35

https://www.ecb.europa.eu/pub/pdf/other/monetarypolicy2011en.pdf


Non-neutrality of money



Money neutrality: long vs short run

Empirical studies tend to support long run money neutrality
• No effect of money growth on output growth
• Money growth correlates highly with inflation
(except for low inflation countries)

But what about the short run?
• Exogenous monetary policy tightening

→ fall in output (temporary) and price level (permanent)
• Empirical studies often encounter the price puzzle: price level / inflation
temporarily rising after a monetary policy action

36

https://files.stlouisfed.org/files/htdocs/publications/net/20061001/cover.pdf


Identifying effects of monetary policy is not easy
Standard econometric tests for whether money causes output will be meaningless
if monetary policy is chosen optimally to smooth fluctuations in output.

This paper shows that U.S. monetary policy does not cause U.S. output, but does cause Hong Kong output.

Rodriguez and Rowe (2007)
37

https://www.sciencedirect.com/science/article/pii/S0261560607000782


Maritime disasters in the Spanish Empire (1531-1810)
Permanent 1% reduction in the money supply led to a 1% drop in real output that persists for around four years. The price
level fell permanently, but only with a lag. Tighter credit markets temporarily increased lending rates by 200 basis points.

Brzezinski et al. (2019) 38

https://ideas.repec.org/p/man/sespap/1906.html


“Exogenous” monetary policy shocks in US (1969-1996)
This paper develops a measure of U.S. monetary policy shocks for the period 1969-1996 that is relatively free of endogenous
and anticipatory movements.

Estimates indicate that policy has large, relatively rapid, and statistically significant effects on both output and inflation.

Romer and Romer (2004) 39

https://www.jstor.org/stable/3592805


High frequency identification: US (1990-2016)
We separate monetary policy shocks from central bank information shocks in a structural VAR and track the dynamic response
of key macroeconomic variables.

Jarocinski and Karadi (2018)
40

https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2133.en.pdf


Price expectations



Nominal wage contracts

Households and firms negotiate over the nominal wage in advance

The negotiated nominal wage is binding within a period

Actual price level might differ from expected

Employment is determined by the resulting real wage
and firms’ demand for labor

Gives rise to positively sloped short-run Phillips curve

In the long run, Phillips curve is vertical

41

https://en.wikipedia.org/wiki/Phillips_curve


Nominal wage contracts: negotiations

Negotiated wageW c equates labor demand and supply under price expectations P e

Labor demand
W c

t /P
e
t = (1 − α)Yt/Nt = (1 − α)ZtK

α
t N

−α
t

Labor supply
ψNφ

t = (W c
t /P

e
t )C−σ

t

For simplicty assume constant K̄ and δ = 0, therefore Y = C , as well as σ = 1, Z = 1

ψNφ
t = (1 − α)Yt/Nt

Yt
→ Ne

t =
(

1 − α

ψ

)1/(1+φ)

→ Y e
t = K̄α (Ne

t )1−α

Negotiated nominal wage
W c

t = P e
t (1 − α) K̄α

t (Ne
t )−α

42



Nominal wage contracts: equilibrium within period

Within a period firms observe prices P and adjust employment to match marginal
product of labor with resulting real wage

W c
t /Pt = (1 − α) K̄αN−α

t → Nt =
(
W c

t

Pt

1
(1 − α) K̄α

)−1/α

Plug in the nominal wage

Nt =

(
P e

t (1 − α) K̄α
t (Ne

t )−α

Pt (1 − α) K̄α
t

)−1/α

=
(
Pt

P e
t

)1/α

Ne
t

Employment depends positively on price level (negatively on real wage)

Output in equilibrium

Yt = K̄αN1−α
t = K̄α (Ne

t )1−α · (Nt/N
e
t )1−α = Y e

t · (Pt/P
e
t )(1−α)/α

After taking logarithms we obtain Friedman’s aggregate supply curve

y = ye + 1 − α

α
(p− pe) ≡ ye + a (p− pe) 43



RBC model with MIU and one-period wage rigidity: TFP shock

TFP shock (constant money supply)
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RBC model with MIU and one-period wage rigidity: TFP shock

Government expenditure shock (constant money supply)
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RBC model with MIU and one-period wage rigidity: ν shock

Increase in money demand via ν (constant money supply)
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Results in a shortlived recession
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RBC model with MIU and one-period wage rigidity: M shocks

Transitory increase in money supplyM
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This time we get a shortlived effect on real variables
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RBC model with MIU and one-period wage rigidity: M shocks

Permanent increase in money supplyM

10 20 30 40

0

1

2
Output

10 20 30 40

0

0.02

0.04

0.06
Consumption

10 20 30 40

0

2

4

Investment

10 20 30 40

0

0.5

1
Money

10 20 30 40

0

1

2

Hours

10 20 30 40

0

0.05

0.1

0.15
Capital

10 20 30 40

-1

-0.5

0

Output_per_hour

10 20 30 40

-1

-0.5

0

Wages

10 20 30 40

0

0.02

0.04

0.06

Return

10 20 30 40

0

0.5

1
Prices

10 20 30 40

0

0.5

1
Nom_Wages

10 20 30 40

0

0.5

1
Inflation

10 20 30 40

0

1

2
Velocity

10 20 30 40

-6

-4

-2

0
10

-4 Nom_Int_Rate

Prices do not adjust fully on impact, in the long run increase 1:1 withM
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Imperfect information: Lucas “islands” model

Based on Lucas (1973)

Differentiated markets, each with local demand conditions

Firms have no pricing power, choose how much to produce

Timing assumptions:
1. Firm learns of local price Pi = P · Zi (Zi is local demand)
2. Firm commits to produce Yi which requires inputsMi

3. Price of inputs is proportional to the aggregate price level P , unknown in advance

Firm does not know whether high Pi is due to higher
relative demand Zi, or due to rising price level P
• If due to higher Zi, optimal to expand production
• If only due to higher P , optimal to produce as usual

49

https://www.jstor.org/stable/1914364


Local supply function

Profit maximization problem (if P was known)

max
Yi, Mi

PiYi − PMi → max
Mi

PiM
1−α
i − PMi

subject to Yi = M1−α
i

First order condition
(1 − α)PiM

−α
i − P = 0

Optimal inputs and production

Mi =
[

(1 − α)Pi

P

]1/α

and Yi =
[

(1 − α)Pi

P

](1−α)/α

In logarithms

yi = 1 − α

α
ln (1 − α) + 1 − α

α
(pi − p) = y∗ + γ (pi − p)
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Signal extraction problem

Firm observes only local price level Pi

Pi = P · Zi → pi = p+ zi

Firms possess a prior distribution of the price level

p ∼ N (pe, σ2
p)

Local demand conditions zi are independent of p

zi ∼ N (0, σ2
z)

Optimally extract information on p given the signal pi

Ei [p|pi] = κpe + (1 − κ) pi where κ = σ2
z/(σ2

p + σ2
z)

If σ2
z > σ2

p , expected posterior p closer to prior pe

If σ2
z < σ2

p , expected posterior p closer to local price pi
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Lucas aggregate supply function

Local supply function

yi = y∗ + γ (pi − Ei [p|pi]) = y∗ + κγ (pi − pe)

Aggregate over markets

y =
∫ 1

0
yi di and p =

∫ 1

0
pi di

Lucas aggregate supply function

y = y∗ + κγ (p− pe) ≡ y∗ + a (p− pe)
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Supply functions: Friedman vs Lucas

Friedman’s expectations augmented Phillips curve is based on errors in expectations
in the labor market and contractual rigidities

Lucas supply function is based on errors in the expectations of relative prices
in commodity markets

Similar functional form, giving rise to positively sloped aggregate supply function

y = y∗ + a (p− pe)

where the level of production under fulfilled price expectations (p = pe)
is called the natural output and (its logarithm) is denoted with y∗
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Aggregate demand and equilibrium

We can obtain some key results in a reduced form model with only the aggregate supply
curve and the aggregate demand curve based on the equation of exchange

MV = PY

Take logs and normalize V = 1

m = p+ y → y = m− p

Equilibrium

[AS] y = y∗ + a (p− pe)
[AD] y = m− p
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Rational expectations equilibrium

Prior on price level pe is given by the expected value operator

pe ≡ E [p]

Equilibrium in expectations

[EAS] E [y] = E [y∗] + a (E [p] − E [p]) = y∗

[EAD] E [y] = E [m] − E [p]
E [p] = E [m] − y∗

Actual equilibrium
y = y∗ + a (m− y − (E [m] − y∗))
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Effects of monetary policy

After a few steps of algebra

y = y∗ + a

1 + a
(m− E [m])

p = E [m] − y∗ + 1
1 + a

(m− E [m])

Expected money supply level E [m] affects only prices

Only the surprise component (m− E [m]) has real effects

Random shifts in aggregate demand cause changes in output only if firms believe
that some part of the resulting increase in their prices is a relative price increase

Monetary surprise has bigger effects if there were fewer surprises in the past!
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Evidence on the Lucas Supply Function

Evidence based on actual inflation surprises πt − Et−4πt . Inflation surprises are positively correlated (βi > 0) with the
output gap. This relationship is negatively related to inflation variability σπ,i

Fendel and Rülke (2012)
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https://www.sciencedirect.com/science/article/pii/S0165176511003818


Inflation bias



Central bank’s objective function

Desire to stabilize both output / employment and inflation

min L = λ (yt − y∗)2 + (πt − πT )2

Ad-hoc loss function postulated by Tinbergen (1952) and Theil (1958)

Given microfoundations by Rotemberg and Woodford (1998)
as a quadratic approximation to the welfare of the representative agent

The value of parameter λ can be derived within a theoretical model, but it cannot
be measured in reality: hence the split of policymakers into “hawks” or “doves”
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https://repub.eur.nl/pub/15884/
https://www.jstor.org/stable/1910688
https://www.nber.org/papers/t0233
https://en.wikipedia.org/wiki/Monetary_hawk_and_dove


Inflation bias

Based on Barro and Gordon (1983)

Natural level of output ≡ level of actual output whenever
expected inflation equals actual inflation

For given expectations, policymakers have an incentive to generate
positive unexpected inflation to increase the level of output and employment

But expectations are rational!

People know this and expect higher inflation

In equilibrium output is unaffected and inflation is higher
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https://www.jstor.org/stable/1831069


Inflation bias: modified objective function

Suppose policymakers want output to be higher than natural

min L = λ (yt − (y∗ + k))2 + (πt − πT )2

• inflation around the target πT

• output k percent higher than natural (unemployment below natural)
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US Senators write to Fed Chairman Powell on the eve of elections...

Source 61

https://www.banking.senate.gov/imo/media/doc/fed_full_employment_letter.pdf


Aggregate Supply

Aggregate output is given by an aggregate supply function
under some expectations of the inflation rate πe

t

yt = y∗ + a (πt − πe
t ) + et

where et is an unforecastable supply shock, Et−1et = 0

Sequence of events:
1. Formation of expectations
2. Private sector sets nominal contracts
3. The supply shock is realized
4. The policy instrument is set
5. The rate of inflation and output in equilibrium is realized
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Central bank’s choice

Assume πT = 0 for simplicity and that the central bank can directly choose inflation

Optimization problem taking expectations as given

min L = λ (yt − (y∗ + k))2 + π2
t

subject to yt = y∗ + a (πt − πe
t ) + et

Plug constraint into objective

min L = λ (a (πt − πe
t ) + et − k)2 + π2

t

First order condition

∂L

∂πt
= λ · 2 (a (πt − πe

t ) + et − k) · a+ 2πt = 0
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Inflation in rational expectations equilibrium

Rearranging the FOC gives the desired inflation rate

πt = a2λπe
t + aλ (k − et)
1 + a2λ

Assuming rational expectations

Et−1πt = Et−1

[
a2λEt−1πt + aλ (k − et)

1 + a2λ

]
→ (1 + a2λ)Et−1πt = a2λEt−1πt + aλk

Agents expect inflation exceeding target

πe
t = Et−1πt = aλk > 0

Resulting in actual inflation (given supply shock et)

πt = aλk − aλ

1 + a2λ
et
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Failure to raise output above natural

Because private agents understand the incentives facing the central bank,
average inflation is fully anticipated

Equilibrium produces average rate of inflation above target (inflation bias)

This has no systematic effect on output

yt = y∗ + 1
1 + a2λ

et
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https://en.wikipedia.org/wiki/Inflationary_bias


Counteracting inflation bias

Appointment of a “hawkish” central bank governor
“Hawks” place an additional weight (δ > 0) on inflation stabilization
compared with other members of the society

L = λ (yt − (y∗ + k))2 + (1 + δ) (πt − πT )2

The rate of inflation under discretion will equal

πt = πT + aλ

1 + δ
k − aλ

1 + δ + a2λ
et

Setting output target to potential output (k = 0)

The rate of inflation under discretion will equal

πt = πT − aλ

1 + a2λ
et
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Central bank independence and average inflation (1955-1988)

Alesina and Summers (1993) 67

https://www.jstor.org/stable/2077833


Central bank independence and inflation volatility (1955-1988)

Alesina and Summers (1993) 68

https://www.jstor.org/stable/2077833


Central bank independence and average real GNP growth (1955-1988)

Alesina and Summers (1993) 69

https://www.jstor.org/stable/2077833


Counteracting inflation bias

Rules rather than discretion
Kydland and Prescott (1977): discretionary policy fails to maximize social welfare,
relying on policy rules improves performance

Inflation targeting strategy
The central bank is mandated, and commits to, a unique numerical target
in the form of a level or a range for annual inflation
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https://www.jstor.org/stable/1830193


Formal adoption of inflation targeting

Country Year Country Year Country Year
New Zealand 1989 South Africa 2000 Ghana 2007
Canada 1991 Thailand 2000 Serbia 2009

United Kingdom 1992 Mexico 2001 Georgia 2009
Australia 1993 Iceland 2001 United States 2012
Sweden 1995 Norway 2001 Japan 2013
Israel 1997 Hungary 2001 Russia 2014
Czechia 1997 Peru 2002 Kazakhstan 2015

South Korea 1998 Philippines 2002 Armenia 2016
Poland 1998 Guatemala 2005 India 2016
Brazil 1999 Indonesia 2005 Argentina 2016
Chile 1999 Romania 2005

Colombia 1999 Turkey 2006 ECB 1999

Hammond (2012) & Wikipedia
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https://www.bankofengland.co.uk/ccbs/state-of-the-art-of-inflation-targeting
https://en.wikipedia.org/wiki/Inflation_targeting#Countries


Success of inflation targeting for early adopters

Source 72

https://slideplayer.com/slide/14501888/90/images/39/Inflation+Rates+and+Inflation+Targets+for+New+Zealand%2C+Canada%2C+and+the+United+Kingdom%2C+1980%E2%80%932008.jpg


Success of inflation targeting in Poland
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Inflation and inflation expectations in the US (1960-2018)

Source 74

https://www.moneyandbanking.com/commentary/2019/2/24/inflation-risks-and-inflation-expectations


Anchoring of inflation expectations in IT countries

IMF WEO (2008) 75

https://www.imf.org/en/Publications/WEO/Issues/2016/12/31/World-Economic-Outlook-October-2008-Financial-Stress-Downturns-and-Recoveries-22028


Are expectations becoming unanchored?

Hilscher et al. (2022) 76

https://personal.lse.ac.uk/reisr/papers/99-infdis.pdf
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