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Background(Not in Paper)

� IncomeUncertaintydatesbackto even earlieryears,with the seminalwork
of Beckmann(1959). His is one of the first examplesof useof Dynamic
Programmingin economics.He only dealswith simplecharacterizationsof
themodel,but setsthestagefor furtherwork.

� Nagatani(1972)alsorelaxestheincomecertaintyassumption,andusingIsoe-
lasticutiliti es(which impliesprecautionarysavings,with its risk aversionpa-
rameteralsocontrolling the degreeof precautionarysavings) shows that the
allocationof consumptionis not independentof theincomerealizations,even
withouthaving to resortto borrowing constraints.Basically, heshowsthatthe
consumeris revisinghis incomeprospectsasthelife cycleproceeds,resulting
in thepositive relationshipbetweenconsumption andincome.

� Miller (1974)providesaninfinitehorizonmodelwith stochasticincomestream,
andis aclosercounterpartwith this typeof uncertaintyto thework of Phelps,
andHakansson. He findsthatthis sourceof uncertaintyleadsto a lower con-
sumptionstreamthanin thecertaintycase.

� Insteadof explicitly solving the CDP model for the optimal consumption
rule δ

�
, Hall’s (1978)testof thelife-cycle/permanentincomehypothesiswas

basedon the Euler equationto the dynamicproblem. Hall’s modelgeneral-
izesPhelp’smodelby allowing stochasticallyevolving laborincome

�
yt � , but

assumesthatR is the(non-stochastic)risk-freerateof returnonbonds.
� In this casetheEulerequationtakestheform:

0 � u��� ct �
	 βRE
�
u��� ct � 1 �
�Ht ��� (1)

Hall observed that (1) implies that ct is a “sufficient statistic” for ct � 1. For
example,in thespecialcasewhereR � 1� β, (1) saysthat

�
u� � ct � � is amartin-

gale.Hall testedthisby runningtheregression:

ct � 1 � α1 � α2ct � α �3Ht � ξt � (2)
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If u is quadratic,thenit is not difficult to seethat (1) implies that theregres-
sion in (2) will hold with α3 � 0: i.e. no other information in consumers’
informationsetHt will beusefulpredictorsof ct � 1 oncewe know ct. Using
elementsct � 1, yt andyt � 1 of Ht (whereyt denotesincome),Hall wasunable
to rejectthehypothesisthatα3 � 0 usingU.S.aggregatetimeseriesdatafrom
1948to 1977.

� Flavin (1981) re-investigatedHall’s findings, estimatinga structuralmodel
with quadraticutility andanexplicit AR representationfor thestochasticpro-
cessof income

�
yt � :

yt � ρ0 � ρ1yt � 1 ��������� ρnyt � n � εt � (3)

where
�
εt � is a white-noisedisturbance process.Flavin showed that distur-

banceεt is proportional to the consumers’re-evaluationof their permanent
incomeat time t. If thepermanentincomehypothesisholds,wehave:

∆ct � ct 	 ct � 1 � kεt

k � � R 	 1�
1 	 ρ1R� 1 	 ρ2R� 2 	�������	 ρnR� n (4)

Thus,(4) saysthatchangesin consumptionaredrivenentirelyby “surprises”
in labor income which alter consumers’ view of their permanentincome.
Flavin testedthepermanentincomehypothesisby estimatingtheincomepro-
cess(3) togetherwith theregression:

∆ct � k � yt 	 ρ0 	 ρ1yt � 1 	�������	 ρnyt � n ��� φ0 � φ1∆yt � 1 ������� φm∆yt � m � ut �
(5)

testingthehypothesisthatthecoefficientsonlaggedincomechanges� φ0 � ����� � φm �
arezero.Flavin foundthattheestimatedφ’s weresignificantlydifferentfrom
zero,leadingherto conclude

“The empiricalresultsindicatethattheobservedsensitivity of consumption to currentincome

is greaterthanis warrantedby the permanentincome-lifecycle hypothesis, even whenthe

roleof currentincomein signalling changesin permanentincomeis takeninto account.The

restrictionsimpliedby thepermanentincome-rationalexpectationshypothesiscanberejected

statistically at very high confidencelevels. Further, theestimatesof themarginal propensity

to consumeoutof currentincomearequitelarge,indicatingthatthefailureof thepermanent

incomehypothesisis quantitatively, aswell asstatistically, significant.” (p. 976-977).
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� Flavin’s finding that consumption responds to predictableinnovationsin in-
comehassincebecomeknown astheproblemof excesssensitivit y, andwas
confirmedin in subsequentstudiesincludingHall andMishkin (1982)using
thePSID.In his survey of the literatureDeaton(1985)concluded:“Surprise
consumptionfunctionsestimatedonquarterlyU.S.aggregatetimeseriesshow
clearevidenceof excesssensitivity of consumptionto predictableevents.” (p.
146).

� However recentresearchhasquestionedwhethertherereally is ananexcess
sensitivity puzzle. Mariger and Shaw’s (1988) reinvestigation of the Hall-
Mishkin resultssuggeststhat the excesssensitivity might be a phenomenon
of the early 1970’s, sincethey find little littl e evidenceof excesssensitivity
in subsequent wavesof the PSID. Zeldes(1989)pointsout that the excess
sensitivity finding may be a rejectionof the certaintyequivalenceprinciple
impliedby thequadraticutility specificationusedby Hall, Flavin, andDeaton.
Zeldesnumericallycomputedtheoptimalconsumptionruleδ

�
in amodelwith

CRRpreferencesandconcluded:

“The resultsindicatethat rationalindividualswith constantrelative risk aversionutility will

optimally exhibit “excess”sensitivity to transitoryincome,save “too” much,andhave ex-

pectedgrowths of consumption thatare“too” high, relative to thesimplepermanentincome

hypothesisbenchmark,evenin theabsenceof borrowing constraints.This suggeststhatwe

should rethinkour presumption thatthecertaintyequivalent modelis theappropriatebench-

mark,especiallyat low levelsof financialwealth.(p. 295-296).

� AttanasioandBrowning (1991)arguethat therejectionsof thelife-cycle hy-
pothesisin modelsestimatedusingaggregatetime seriesdata“may plausibly
beattributedto aggregationbias.” (p. 2). Usingdetailedmicro datafrom the
U.K. Family ExpenditureSurvey, they find that “althoughvery simpleforms
of theconsumptionfunctionseemto displayanexcesssensitivity to expected
changein incomethis completelydisappearswhenwe allow for the effects
of demographicsandlaborsupply.” (p. 3-4). Runkle(1991)obtainssimilar
resultsusing the PSID data,concluding: “Aggregate studiesassumea rep-
resentative agentwho conditionsexpectationson aggregate variables. But
householdsmaynot find aggregatedatausefulin predictingtheir futureeco-
nomicconditions.In this studyI assumedonly thateachhouseholdknew its
own pasteconomiccondition. With this assumption,I could not reject the
permanentincomehypothesis.” (p. 91).
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� Another possiblereasonfor the excesssensitivity finding is measurement
error. Altonji and Siow (1986) and Runkle (1991) found significantmea-
surementerror in incomeandconsumption variablesin the PSID. They re-
estimated(2) using an instrumentalvariablesestimatorwhich is consistent
in the presenceof measurementerror. Contraryto the findingsof Hall and
Mishkin (1982),they foundthatno variablesin Ht weresignificant(not even
laggedincomechanges).

� Skinner(1988) usesan approximationto the optimal decisionrulesto show
how importantprecautionarysavingsarein thepresenceof uncertainincome
streams.With convex marginalutility of consumptionwewill seeprecaution-
arysavings, to insureagainsttheuncertainfuturepathof income.

� Precautionarysavings modelswill predictthat peoplesave a lot morewhen
youngthanwhat a simplelife cycle modelwould predict. Also somework
shows that lack of borrowing canbe the resultof a rational response to the
uncertaintyof theincomestreamthatcouldleadto zeroconsumption.
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Motivation

� No one hasderived closed-form solutionsfor consumptionwith stochastic
laborincomeandconstantrelative risk aversionutility.

� This meansrelaxingtheability to resortto thecertaintyequivalence(CE) re-
sult thatapplieswhenusingquadraticutility andit is allowedto havenegative
consumption.

� Thetraditionalresultis thatexpectedconsumptionis constantovertime. Con-
sumptionis proportionalto theexpectedpresentvalueof lifetime resources,
whichconsistof humanwealth,plusnon-humanwealth.Humanwealthis the
presentdiscountedvalueasof time t of expectedfuturelaborincome.

� TheauthorfindssubstantialdifferencesbetweenthesimplifiedCEmodeland
theoptimalconsumptionfunctionscomputednumerically, andpotentiallyex-
plainthehighsensitivity of consumption to transitoryincome,thehighgrowth
of consumptionin thepresenceof low risk-freeinterestrate,andunderspend-
ing of theelderly.

� With hismodelstheauthorcancomputetheoptimalamountof precautionary
savings, andcalculatetheoptimalsensitivity of consumptionto bothperma-
nentandtransitorychangesin income.

� He allows for lendingandborrowing at a risklessrate,with only a no die in
debtcondition.

ThePuzzles

� Consumptionseemsto be too sensitive to changesin currentincome. Hall
andMishkin (1982)defineexcesssensitivity as the differencebetweenthe
responsein consumptionandtheannuityvalueof the increasein humanand
nonhumanwealththatoccursasaresultof this innovation.They usethePSID
andfind this excesssensitivity.

� Expectedgrowth of consumptionover time in a certaintymodel with time
separableutility andan interestrate lessthanthe rateof time preferenceis
expectedto benegative. Thisis notthecaseempiricallyasreportedby Deaton
(1986) andSingleton(1985).
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� Theelderlydo not seemto dissave sufficiently fastif we wereto believe the
benchmarklife cycle model with certaintyandno bequest. Someauthors
have foundthey dodissave,othersthatnotat all.

� Are thesepuzzlesrealpuzzles,consideringtheverysimplebenchmarkmodel.
Are agentsnot rational,not forwardlooking, or maybeeverythingis explain
by borrowing constraints.

TheModel

� Individual livesmany periods,choosesoptimalcurrentconsumptionandcon-
tingency plansfor future consumption to maximizethe expectedvalueof a
lifetime time-separableutility function.

� Theonly sourceof uncertaintyis exogenousfuturelaborincome,andindivid-
ualscannothedgeagainstthis by tradingcontingentclaims.

� TheconsumerchoosesCt to maximize

Et

T � t

∑
j � 0

� 1
1 � δ �

jU � Ct � j ��� (6)

subjectto
Wt � 1 ��� Wt 	 Ct � � 1 � rt � � Yt � 1 (7)

Ct ! 0 (8)

WT 	 CT ! 0 � (9)

� Futurevalueat timeT of initial wealthandsubsequentrealizationsof income
mustbeat leastasgreatasthe futurevalueof thechosenconsumption path:
theindividual mustpaybackall loanswith probabilityonebeforetheendof
life.

� Theauthorassumesthat the interestrateis constantandequalto the rateof
time preference.

� For any concave utility function with non-stochasticincomethe solution is
thatconsumptionis proportional to theexpectedpresentvalueof lifetime re-
sources.
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� This is not truein generalif theincomeis stochasticunlessutility is quadratic
andconsumptionis allowed to take negative values. This is the Certainty-
Equivalencesolution.

� In termsof the sensitivity of consumptionwith respectto current income,
CEQ predictsthat consumersrespondin the sameway to an extra dollar of
incomeasto anextra dollarof wealth.Thiswill notbethecasehere.

Implementation

� The model is calibratedbasedon paneldataestimatesof the amountof in-
comeuncertaintyfacingindividualsin theeconomy. He dividesincomeinto
a permanentcomponent,anda transitorycomponent.He usessomead-hoc
probabilitydistributionover theevolutionof thesecomponents.

� The methodfor calculatingthe optimal consumption is stochasticdynamic
programming. Onestatevariable(wealth),onecontrol variable(consump-
tion), andone-disturbance(income).Hediscretizesthestatespaceto approx-
imatethesolution.

� To adequatelytake into accounttheevolution of thepermanentincomecom-
ponentheneedsto introduceanotherstatevariable,makingthesolutionof the
modelmorechallenging.

Results

� For simplicity he assumesa 15 periodmodel. γ is equalto 3. The model
exhibitsdramatic“excesssensitivity” relative to theCEbenchmark.

� His resultsindicatethatwe should expectMPCsout of transitoryincometo
be much larger for householdswith low current(certain)assetsrelative to
expectedfuture(uncertain)incomethanfor therestof thepopulation.

� He alsofindsthat individuals“overrespond” to changesin currentincomeor
wealth,and“underrespond” to changesin expectedfutureincome.

� ThendefiningprecautionarysavingsasC 	 CCEQ calculatesthatconsumption
would be20%higherif therewereno uncertaintyin themodel. Conjectures
that this meansthata lot of thewealthaccumulationwe seein theUS is due
to precautionarysavings.
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� He alsofinds that consumptiongrowth is positive even if the interestrateis
equalto therateof time preference.

� In terms of the dissaving whenold “puzzle” he finds that if we interpret
possible catastrophichealthexpenditureseventsaspossiblenegative income
shocks,themodelwouldpredictthatprecautionarysavingswould leadto less
dissaving thatthestandardmodelwouldpredict.

OpenQuestions
� If precautionarysavings areimportantyou would expectindividualsto accu-

mulatesubstantialwealth.Is this true?
� Do individualsthat facegreateruncertaintyaccumulatemoresavings? Still

unresolved.Controllingfor financialassets,incomeprofiles,andrisk aversion
is noteasy.

� He correctly conjecturesthat endogenizinglabor supplywould provide an-
otherwayof hedgingtheincomeuncertainty. Heseesthattheeffectof uncer-
tainty on consumptionmight be lessdramatic. Obviously is becomesabout
smoothingutility.
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