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OUTLINE

• Price Level Indeterminacy.

• Sargent and Wallace (1975) indeterminacy

• overcome?
• or does not apply?

• Obstfeld and Rogoff (1983):

Hyperdeflations/Hyperinflations

• Why is Determinacy useful: Puzzle 1, Puzzle 2, . . .

• Price Level Determinacy in

Heterogeneous Agent New Keynesian models.

• Conclusion



PRICE LEVEL INDETERMINACY

Real Interest Rate:

(1 + r) = 1
β

Monetary Policy:

Sets 1 + i

Money

M1,M2,M3, . . .

1 + π = M′

M = β(1 + i)

i : nominal interest rate M: money stock
r : real interest rate
π : inflation rate



PRICE LEVEL INDETERMINACY

Real Interest Rate:

(1 + r) = 1
β

Monetary Policy:

Sets M and M′

M

Inflation / Interest Rates

1 + π = M′

M

1 + i = 1+π
1+r = βM′

M

i : nominal interest rate M: money stock
r : real interest rate L: Real money demand
π : inflation rate



PRICE LEVEL INDETERMINACY

Monetary Policy:

Sets 1 + i and 1 + iM

Money

M1,M2,M3, . . .

1 + π = M′

M = β(1 + i)

i : nominal interest rate M: money stock
r : real interest rate iM : nominal rate on M
π : inflation rate



PRICE LEVEL INDETERMINACY: THIS PAPER

Real Interest Rate:

(1 + r) = 1
β

Monetary Policy:

Sets M, M′

M and iM

Inflation / Interest Rates

1 + π = M′

M

1 + i = 1+π
1+r = βM′

M

i : nominal interest rate M: money stock
r : real interest rate iM : nominal rate on M
π : inflation rate



SUMMARY PRICE LEVEL DETERMINACY

• Central bank cannot set M, iM and i

• Central bank can set M and iM .

↪→ Equilibrium determines Bond return i

• Setting money supply (with or without iM ):
↪→ Price level determinate.



SUMMARY PRICE LEVEL DETERMINACY
• Sargent and Wallace:

Pegging i (not M or iM )⇒ Price Level Indeterminacy

• Consensus (so far): CB controls return on bonds:

↪→ Sargent and Wallace indeterminacy

• This paper:
Key what Central bank does
(not so much small model departure):

• Sets Money supply.
• Does not control return on bonds.
• Sets return on reserves/money (e.g. pegging iM )
• SW assumption not satisfied.

• Delivers Price Level Determinacy (unlike sticky info) but:
CB loses control over intertemporal substitution margin.



OBSTFELD AND ROGOFF (1983)

• Obstfeld and Rogoff (1983): Even if M ′/M finite
Price level determinacy requires to

• rule out hyperdeflations
• rule out hyperinflations

• Hyperdeflations:

Several possibilities, e.g. transversality condition.

• Hyperinflations:
• Again several possibilities.
• Obstfeld and Rogoff: Have to rule out that P jumps to∞.
• Difficult with flexible prices (money has to be essential).
• Easy with the smallest amount of price stickiness (Calvo,

Rotemberg).

• No satiation→ HANK.



COCHRANE (2015)’S POLICY ANALYSIS OF

NEW-KEYNESIAN MODELS DURING A LIQUIDITY TRAP.
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Output gap across equilibria

Figure 2: Output gaps in all equilibria. Alternative equilibria are indexed by the value of the
output gap at T = 5, shown by the circles. The thicker lines show the standard deflation
equilibrium, the no-inflation-jump equilibrium, and the backward-stable equilibrium. Thinner
lines show a range of equilibria.

2.4 The standard equilibrium

Now, let’s look at a few equilibria in detail.

Werning (2012), like the rest of the literature, chooses the equilibrium πT = 0. Plugging in
to the general solution, (6), we verify that the economy is in the steady state as soon as the
liquidity trap ends,

t ≥ T : xt = πt = 0. (8)

Before T , during the liquidity trap episode, (6) becomes

t ≤ T :

[
κxt
πt

]
=

[
ρ
1

]
ir − 1

λ− δ

[
λ2 −δ2

λ −δ

] [
eδ(t−T )

eλ(t−T )

]
ir (9)

Figure 3 presents this standard equilibrium choice, (8) and (9). Its output and inflation paths
are also plotted as thicker lines in Figure 1 and Figure 2, for comparison with other equilibria.

This equilibrium shows a dramatic deflation and large output gaps during the liquidity-trap
period. We also see strong dynamics – deflation steadily improves, and expected output growth
is strong. This model does not produce a “slump,” or “secular stagnation,” a long period of a
steady output gap and steady inflation or even slight deflation. The intertemporal first order
condition (1) says that the level of consumption can only be below potential if consumption is
expected to grow back to potential. The new-Keynesian Phillips curve (2) links the output gap
to the change in inflation, producing a gap when inflation is lower today than in the future. If
inflation is to end up at zero, and if one wants a large output gap, the Phillips curve requires
swiftly decreasing, and therefore substantial, deflation.
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(A) Output

possible values of  , each of which selects the equilibrium in my parameterization. The figures

give an idea of the full range of bounded equilibria that can emerge in this model, all for fixed

interest rate policy.

The middle solid line in figure 7 and figure 8 shows the equilibrium defined by no inflation

jump at time  = 0 when the liquidity trap starts.
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Figure 7: Inflation in all equilibria. Equilibria are indexed by the expected value of inflation

 at  = 5, shown by the circles. The thicker lines show the standard deflation equilibrium,

the no-inflation-jump equilibrium, and the local-to-frictionless equilibrum. Thinner lines show

a range of equilibria indexed by different choices for  .

Figure 9 presents the local-to-frictionless equilibrium and the standard equilibrium in state

space. The blue dashed line is the standard equilibrium choice, as in Werning (2012) Figure 1.

Inflation and output gap approach from the bottom left, the region of deflation and depression.

Dots indicate years. At  =  the standard solution attains the central red dot and stays there.

The solid lines display the two-way bounded or local-to-frictionless equilibrium choice. The red

part is  ≥  . Once we eliminate the explosive solution or    , there is a whole range of

non-explosive solutions that converge to the origin along the red ray. Equilibrium choice comes

down to where we specify that the    solution will join this path. The standard choice picks

the origin itself. The local-to-frictionless or two-way-bounded choice merges at a point to the

northeast of the origin at  =  , at just the right place so that the blue line is non explosive.

Going forward in time, this solution starts at the right end of the blue line and works left, hitting

the output gap peak at  =  and then converging back to the steady state at the origin.
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(B) Inflation



HETEROGENEOUS AGENT NEW KEYNESIAN MODELS

• Offer different perspective on price level determinacy.

• Address Sargent and Wallace directly:

Monetary policy controls return on short-term bond i .

• "No satiation point" arises endogenously.

• No need to explain why inflation is low although reserves
explode.

• Consumption theory in line with empirical evidence.

• Fiscal policy matters big time.



PRICE LEVEL DETERMINACY IN HANK

Real Interest Rate:

(1 + r) = 1+i
1+π

Monetary Policy:

Sets 1 + i

Fiscal Policy:

π = B′−B
B = G′−G

G = T ′−T
T

i : nominal interest rate B: nominal bonds
r : real interest rate G: nominal government spending
π : inflation rate T : nominal tax revenue



STEADY STATE PRICE LEVEL:
FULLY PRICE-INDEXED BONDS Breal = 0

Real Interest Rate:

(1 + r) = 1+i
1+π

Monetary Policy:

Sets 1 + i

Fiscal Policy:

π = B′−B
B = G′−G

G = T ′−T
T

i : nominal interest rate B: nominal bonds
r : real interest rate G: nominal government spending
π : inflation rate T : nominal tax revenue



CONCLUSION

• The paper raises an important issue:
Price level (in)determinacy.

• Different view on CB policy: controls money supply M and
return iM .

• Sargent and Wallace assumption that CB controls return
on bonds is not applicable

• Obtain Price Level Determinacy

• Hagedorn (2016) "A Demand Theory of the Price Level":
HANK models offer alternative perspective on
Price level determinacy (and on monetary transmission,
consumption, ...)


