
How does inflation work?

John H. Cochrane
Hoover Institution, Stanford University

May 8, 2016

1 / 45



Our story
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History reminder
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Long history

I Gold to paper money and central banks

I Inflation before there were central banks?
I P: Metal coins, notes convertible to metal coins. Treasury, no Fed.
I “Paper money” rapidly inflated away (Revolution, Civil War).
I Late 1800s slow deflation.
I Bryan: More inflation. (Plus ça change.) By using silver.
I Gold standard gave long run price stability, but short run volatility.

I 1933 to 1968 Keynesianism

I Monetary policy irrelevant. Fiscal policy fights recessions.
I Prices “sticky,” “administered,” price controls, “jawboning,” union

contracts, etc.

I Great power of central banks to set inflation, guide the
macroeconomy is a recent view.

I Ideas have been radically different in the past. May be radically
different in the future.

I Thesis: we are at once-in-a-generation rethinking of ideas.

4 / 45



0.0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

1960 1970 1980 1990 2000 2010

research.stlouisfed.org

Effective	Federal	Funds	Rate

Consumer	Price	Index	for	All	Urban	Consumers:	All	Items	Less	Food	and	Energy

(P
e
rc
e
n
t)
	,	
(P
e
rc
e
n
t	
C
h
a
n
g
e
	f
ro
m
	Y
e
a
r	
A
g
o
)

Friedman

Taylor

Woodford

???

Sargent-Wallace

5 / 45



History 1960-now

I Rise of inflation 1960-1980. Bursts in booms/busts.

I Sudden end in 1984. Slow decline since.

I nominal rate = real rate + expected inflation it = rt + Etπt+1

I Rates largely below inflation 1970s, largely above 1980s-2008.

I Interest rates positively correlated with inflation. Do higher interest
rates cause higher or lower inflation?

I Current long zero is unusual. More later.

I Why did inflation rise? Why did it stop so suddenly? Why is it
trending down?
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Ideas

I Friedman. Monetarism. MV=PY.
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Friedman Monetarism
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Friedman Monetarism

What monetary policy can do

I Inflation source: MV=PY

I M: Inventory demand to make transactions

I Monetary policy: More M, Less B. Making change. Who cares?
Answer: M is special, less B is irrelant

I M policy can determine the price level.

I Voluntary control of M can substitute for gold-standard discipline.

I Screw up by trying to ‘fine tune.’ Great depression.
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Friedman Monetarism

What monetary policy cannot do

I M policy cannot permanently alter output or unemployment.

I Unemployment ← (inflation - expected inflation). Called home run!
70s stagflation.
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Friedman Monetarism

I Interest rate targets are unstable

I Fisher: interest rate = real rate + expected inflation. it = rt + πe
t

I i too low (r, π shock or mistake) → real rate declines → “demand”
increases → output rises → more inflation → real rate declines more.

I Eventually, Fed must abandon peg, raise rates a lot. Called HR 2?
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Interest rate targets are unstable.
Model

it = rt + πe
t Fisher

yt = κ(πt − πe
t ) Friedman-Phillips

yt = −art IS

Solve

rt = −(κ/a)(πt − πe
t )

it = −(κ/a)(πt − πe
t ) + πe

t

it = −(κ/a)πt + (1 + κ/a)πe
t

Adaptive expectations: πe
t = πt−1

πt = − 1

κ/a
it +

1 + κ/a

κ/a
πt−1

it = i peg is unstable. Example

πt = 2πt−1 = 1, 2, 4, 8, 16, 32, ...
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Friedman Monetarism

Friedman

I Interest rate targets are unstable.

I Control M instead.

I M = reserves + currency + bank accounts.

Objections

I Our Fed and all central banks follow interest rate targets, do not
control M! OK 1968, but untenable for data, policy today.

I What’s M? Rampant financial innovation undermines P, produces
huge inflation?
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Taylor rule saves interest rate targets
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Taylor and interest rate rules

I Taylor: Interest rate should vary more than 1-1 with inflation. This
will stabilize the otherwise unstable economy.

I Recall interest rate = real rate + expected inflation.

I Was: Inflation rises 1% → → real rate declines → demand is higher
→ inflation goes up more. Unstable

I Now: Inflation rises 1% → interest rate rises more, 1.5% → real rate
rises 0.5% → demand is lower → inflation goes down. Stable.

I Umbrella; http://lewis500.github.io/macro/.

I Implies, to raise inflation, temporarily lower rates.

I History: 1960s-1970s reaction was less than 1.0. 1980s-2000
reaction greater than 1.0 → “great moderation.”

I Why interest rates are positively correlated with inflation in the
data, though higher rate lowers inflation.

I Fundamental source of inflation? MV=PY fades away, “active”
interest rate alone sufficient to control inflation.
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Taylor rule stabilization

Model..
it = −(κ/a)πt + (1 + κ/a)πt−1

Add Taylor Rule it = φπt ; φ > 1

φπt = −(κ/a)πt + (1 + κ/a)πt−1

(φ+ κ/a)πt = (1 + κ/a)πt−1

πt =
1 + κ/a

φ+ κ/a
πt−1

φ > 1↔ stable. Example:

πt = 0.5πt−1 = 1, 1/2, 1/4, 1/8, 1/16, 1/32, ...
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Look for reaction to inflation greater than 1
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Woodford, Lucas, Sargent-Wallace, New-Keynesians

I Objection: Adaptive expectations?

I Policy based on fooling people. Sooner or later they catch on. You
can’t systematically and regularly fool people.

I Expectations in the model should be expectations of the model.

I But πe
t = Etπt+1 6= πt−1 changes everything!

I it = r + Etπt+1 Peg it determines Etπt+1. Stable!

I Story/intuition. Driving looking out front vs. back window.

I But indeterminate. (Sargent-Wallace) it only determines Etπt+1.
Actual inflation can be anything (unpredicatble).
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Rational expectations

Model...
it = −(κ/a)πt + (1 + κ/a)πe

t

Rational expectations: πe
t = Etπt+1 6= πt−1

it = −(κ/a)πt + (1 + κ/a)Etπt+1

Etπt+1 =
1

1 + κ/a
it +

κ/a

1 + κ/a
πt

I Friedman wrong! Even a pure peg is stable on its own!

I But we only nail down expected inflation, like coin is 50/50.

I Actual inflation can be anything, so long as unexpected. “Sunspots”
“Multiple equilibria” “Indeterminacy.” (Sargent-Wallace)

I Woodford to the rescue...
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Woodford
Model with rational expectations

it = −(κ/a)πt + (1 + κ/a)Etπt+1

Add Taylor rule to this model,

it = φπt

and you get

φπt = −(κ/a)πt + (1 + κ/a)Etπt+1

[φ+ (κ/a)]πt = (1 + κ/a)Etπt+1

Etπt+1 =
φ+ κ/a

1 + κ/a
πt .

I φ > 1↔ inflation is unstable again... unless πt = 0.
I Was: Taylor rule stabilizes an otherwise unstable world.
I Now: Taylor rule introduces instability into an otherwise stable

world, so we will all jump to one of many possible equilibria.
I Fundamental P? Fed as DJ, equilibrium selection. Not M, S&D.
I Me: nutty but no need to criticize now ... The real world intrudes.
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Recent Experience–US
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Recent Experience – Japan

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

-1

0

1

2

3

4

5

Discount Rate

Core CPI

10Y Govt

Japan

Discount rate
Core CPI
10 year rate

22 / 45



Recent Experience – Europe
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The bomb that did not go off

I We hit zero bound, i stuck (φ = 0 in i = φπ). Nothing happened!

I Review:
I Friedman, Keynesians, Policy world. Peg is unstable. ”Deflation

spiral” must ensue. Facts: peg can be stable!
I Monetarists: MV=PY. Take M from $50b to $3,000b, hyperinflation

must ensue. Facts: V = PY/M! Bonds and money are perfect
substitutes at i = 0.

I New-Keynesians. Peg is stable, but “indeterminate.” Should see
more volatile inflation (&many other wild predictions).

I Need new theory!
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Fiscal Theory of the price level

Bt1

Mt1

M
Trading

Taxes Pt St

Bt = 0

Mt = 0

9 AM12 AM 12 PM 5 PM 12 AM

AM: Redeem Bt−1 for M (B promise to pay $1).
PM: Government taxes PtSt and taxes must be paid in government
money. Money/bonds have no value to consumer as wallpaper.

Bt−1 + Mt−1 = PtSt

Bt−1 + Mt−1

Pt
= St [= PV (futureS)]
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The Fiscal Theory of The Price Level

Bt−1 + Mt−1

Pt
= St [= PV (futureS)]

I Real value of government debt = present value of primary surpluses.

I Stocks: No. of shares × price per share = pv of future dividends.

I “Aggregate demand.” “Tax theory of money.” “ Backing”

Doctrines

I Can determine P with no money (not ”special”) at all. Solves
“determinacy.”

I Open market operation (M vs. B) is irrelevant. (Good!)

I Money can pay interest (Good!)

I No need to control inside money, financial innovation (Good!)
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Rate targets with FTPL

Bt−1 + Mt−1

Pt−1
Et−1

(
Pt−1

Pt

)
= Et−1St [= PV (futureS)]

it−1 = r + Et−1πt

I Gov’t can target interest rates with no money. Set rate for bonds,
come and get ’em. (What we do). Interest on reserves with no open
market operations can work.

I Interest rate targets, including peg, determines expected inflation.

I Inflation is stable and determinate under a target/peg/zero. (So
long as S is not a problem!)

I Nothing special about zero.

I Why no deflation? Deflation needs big taxes to pay a windfall to
bondholders.
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The Neo-Fisherian question

I Facts: i = r + πe . π seems to be following i . Peg is stable. Pedal
misapplication? Will raising i raise π?
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Effect of rate rise?

it = −(κ/a)πt + (1 + κ/a)Etπt+1

FTPL says, with no fiscal news, πt+1 = Etπt+1. So,

(1 + κ/a)πt+1 = it + (κ/a)πt

πt+1 =
1

1 + κ/a
it +

κ/a

1 + κ/a
πt

πt+1 =
1

1 + κ/a
it +

1

(1 + κ/a)2
it−1 +

κ/a

1 + κ/a
πt−1

πt+1 =
1

1 + κ/a
it +

1

(1 + κ/a)2
it−1 +

1

(1 + κ/a)3
it−2 + ...

Model: raising interest rates raises inflation uniformly. True? (More
realistic model?)
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Effect of rate rise?
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Optimal quantity of money

The optimal quantity of money?

The optimal role for the Fed?
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Optimal quantity of money and warning

Optimal inflation/quantity of money?

I Friedman: Slight deflation i = 0, π = −r . LOTS of money

I Why? Money is free. Don’t starve the engine of oil.

I Past: Need i > 0 for P control. FTPL, recent history: i = 0, huge
reserves are fine.

I We have achieved the optimal quantity of money, and it is stable.
Don’t mess with it.
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Where’s grumpy?

Bt−1 + Mt−1

Pt
= St [= PV (futureS)]

I FTPL Warning: 100% debt/GDP ratio is dangerous! Higher rates
could lead to unexpected and uncontrollable inflation.
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Review–what determines inflation?
I Gold Standard (not practical for US)
I Friedman: MV=PY, control M. Interest rate target is unstable.
I Taylor: i = φπ rule, φ > 1 can render economy stable with i target.
I Sargent-Wallace, etc. With rational expectations, i peg is stable but

indeterminate, multiple equilibrium.
I Woodford: i = φπ rule, φ > 1 destabilizes for all but one equilibrium
I Facts. Zero bound, φ = 0. QE M = $3, 000b and nothing

happened. All theories blown out of water.
I FTPL. Money valued if gov’t wil soak it up for tax payments. Stable

and determinate with i peg, (with good fiscal policy!)
I Quiz: Match the equation to the theory

i = r + πe

i = φπ, πe
t = πt−1.

i = φπ, πe
t = Etπt+1.

Bt−1 + Mt−1

Pt
= EPV (S)

I and most of all, ...
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History
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THE END
Extra slides follow

36 / 45



Interest rates and inflation, with long term rates
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Long term rates and expectations

I Nominal rate = real rate + expected inflation

it = rt + Etπt+1

I Long term rate = average of expected future short rates (plus risk
premium)

i
(10)
t =

1

10

9∑
j=0

Et it+j + r .p.

I Long term rates reveal market expectations of inflation (+real rates,
risk premium)

I Cyclical rate moves 1970-1980, 1990 - are expected to be temporary.

I 1970s inflation, 1980s disinflation was unexpected.

I (Divergence of 1984 reading. How did inflation stop so fast?)

I Rates largely below inflation 1970s, largely above 1980s-2008.

I Interest rates positively correlated with inflation. Do higher interest
rates cause higher or lower inflation?

38 / 45



Friedman on the Phillips curve
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Early Phillips curve
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Phillips curve 70s
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Current Phillips curve
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Intertemporal model

Bt1

M
Trading

Taxes Pt St

Bt

9 AM12 AM 12 PM 12 AM

Bt−1 = Ptst + QtBt

Qt = Et

(
1

R

Pt

Pt+1

)
= nominal bond price.

Bt−1

Pt
= st + Et

(
1

R

Bt

Pt+1

)
Bt−1

Pt
= Et

∞∑
j=0

1

R j
st+j
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Stability of money demand?

Lucas 1988:
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Lucas’ Nobel lecture

But... P = MV/Y? Or M=PY/V? Driving BMW makes you rich?
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