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Eco 504, Macroeconomic Theory II
Final exam, Part 2, Monetary Theory and Policy,

with solutions to problems 1 and 2

Answer all questions. You have 120 minutes to complete the exam, and the questions are worth
a total of 120 points. Please allocate your time accordingly.

Short-answer questions (10 points each). Give short answers to these questions (not longer
than half a page). Note any important qualifications that you consider necessary.

1. How can multiple equilibria in the form of hyper-inflation or hyper-deflation be avoided in
Cagan-type model?

2. What is meant by the Taylor (a) rule, (b) principle, and (c) curve?

3. What is meant by Friedman’s (a) optimum quantity of money, (b) k%?

4. Define predetermined variables, forward-looking variables, instruments, and target vari-
ables.

5. What is (a) an instrument rule, (b) a targeting rule.

6. Under strict inflation targeting, can the central bank let the instrument rate respond to
inflation only?

Problems (60 points).

1. (30 points) Consider an economy with a Phillips curve of the form

πt = δπt+1|t + κxt + εt, (0.1)

where πt is inflation in period t, xt is the output gap in period t, εt is an i.i.d. shock with
zero mean and variance σ2ε, πt+1|t ≡ Etπt+1, δ is the discount factor (0 < δ < 1), and
κ > 0 is a constant. Assume that the central bank has an intertemporal loss function in
period t,

Et
P∞

τ=0 δ
τLt+τ ,

with a period loss function given by

Lt =
1

2
[π2t + λ(xt − x∗)2],

where λ ≥ 0 and x∗ ≥ 0. Assume that the central bank can control xt and optimizes its
loss function under discretion.

(a) Derive a consolidated first-order condition for the policy under discretion.

(b) Solve for the equilibrium dynamics of πt and xt as functions of εt.
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(c) Solve for the unconditional variances Var[πt] and Var[xt]. How do they depend on λ?

(d) How does this solution under discretion differ from the solution under commitment?
(You don’t need to derive the commitment solution.)

Solution: Note that this Phillips curve differs from the one used in Lecture Notes 7 in that
the long-run Phillips curve is not vertical (non-optimizing firms keep their price constant,
not indexed to average inflation).

(a) In equilibrium under discretion, πt and xt will be linear functions of εt. Hence, πt+1|t
will be constant and equal to the unconditional mean π ≡ Et[π] (to be determined). Then
the Phillips curve can be written

πt = δπ + κxt + εt. (0.2)

Period-by-period optimization of the period loss function subject to (0.2) gives the first-
order condition

πt +
λ

κ
(xt − x∗) = 0. (0.3)

(b) Taking the unconditional mean of (0.2) and (0.3) results in

(1− δ)π = κx, (0.4)

π +
λ

κ
(x− x∗) = 0, (0.5)

where x ≡ E[xt]. Solving these two equations for π and x gives

x =
(1− δ)λ

(1− δ)λ+ κ2
x∗,

π =
λκ

(1− δ)λ+ κ2
x∗.

Define the deviations from the unconditional means, π̃t ≡ πt − π and x̃t ≡ xt − x. Sub-
tracting (0.4) from (0.2) and (0.5) from (0.3) gives

π̃t = κx̃t + εt,

π̃t +
λ

κ
x̃t = 0.

Solving for x̃t and π̃t gives

x̃t = − κ

λ+ κ2
εt, (0.6)

π̃t =
λ

λ+ κ2
εt.

Alternatively, we can use (0.3) to eliminate πt from (0.1), rewrite the difference equation
as

x̃t =
δλ

λ+ κ2
x̃t+1|t −

κ

λ+ κ2
εt,

and solve forward to get (0.6).
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(c) It follows that

Var[xt] ≡ Var[x̃t] =

µ
κ

λ+ κ2

¶2
σ2ε,

Var[πt] ≡ Var[π̃t] =

µ
λ

λ+ κ2

¶2
σ2ε.

We see that Var[xt] is decreasing in λ (from σ2ε/κ
2 to 0 when λ increases from 0 to ∞)

and Var[πt] is increasing in λ (from 0 to σ2ε when λ increases from 0 to ∞).
(d) Under discretion there is an average inflation bias when x∗ > 0; under commitment
(in a timeless perspective) the first-order condition is

πt +
λ

κ
(xt − xt−1) = 0,

and there is no inflation bias. Under discretion, there is no history-dependence; under
commitment the solution in period t depends on xt−1 or, equivalently, on the Lagrange
multiplier Ξt−1 or lagged shocks εt−1, εt−2, ... . Under discretion there is stabilization bias
in the sense that the response to the shock εt is different than under commitment.

2. (30 points) Consider an economy with flexible prices and the Fisher equation

it = r̄t + πt+1|t,

where it is the nominal interest rate between period t and t + 1, πt is inflation in period
t, and r̄t is the real interest rate in period t. The real interest rate is assumed to be an
exogenous stationary stochastic process that is realized and observed at the beginning of
each period. Interpret Wicksell’s (1898) suggestion for a central-bank instrument rule as
implying an implicit instrument rule of the form

it = at + bπt, (0.7)

where b is a constant and at is a timevarying intercept.

(a) How shall at and b be chosen in order to result in an equilibrium with a constant zero
inflation rate?

(b) How shall at and b be chosen in order to result in an equilibrium with a constant
positive inflation rate π∗ > 0?

(c) In what sense is the implicit instrument rule in this case an “out of equilibrium”
commitment?

Solution:

(a) Combining the Fisher equation and the instrument rule for b 6= 0 gives

πt =
1

b
(r̄t − at) +

1

b
πt+1|t. (0.8)

For at = r̄t and b = 1, we get
πt = πt+1|t.

This is the equation for a martingale and is consistent with any constant or martingale
inflation, for instance a standard random walk,

πt+1 = πt + εt+1,
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where εt is a zero-mean shock.

For at = r̄t and b = 0, we get
0 = πt+1|t.

This does not determine πt, only πt+1|t. Any πt = εt with E[εt] = 0 is a possible equilib-
rium.
In order for the instrument rule to result in a unique equilibrium, we need to choose some
fixed b > 1. Then, if πt+τ |t for τ ≥ 1 is bounded, we can solve (0.8) forward to get

πt =
1

b

P∞
τ=0 b

− τEt(r̄t+τ − at+τ ), (0.9)

and choosing at = r̄t will result in the unique equilibrium πt = 0 for all t.
(b) For a unique equilibrium πt = π∗ > 0, for a fixed b > 1, guess that at = r̄t − c, where
c is a constant to be determined. Using this in (0.9) results in

πt =
1

b

1

1− 1/b c =
c

b− 1 .

Setting πt = π∗ gives
c = (b− 1)π∗.

The argument in (a) and (b) above goes through for |b| > 1, so we could also have b < − 1.
However, a negative b is not consistent with Wicksell’s verbal description of the rule.l

3. (c) In equilibrium, we have πt = π∗, so the equilibrium interest rate is given by

it = at + bπt = r̄t + π∗ + b(πt − π∗) = r̄t + π∗.

Hence, only it = r̄t + π∗ is observed for all t. However, for the existence of a unique
equilibrium, expectations must be formed under the assumption that the central bank sets
the interest rate equal to r̄t + π∗ + b(πt − π∗) if πt would ever deviate from π∗. In this
sense, the instrument rule is an out-of-equilibrium commitment, stating what the central
bank would do if the πt would deviate from the equilibrium level π∗.

4



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


