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Backgroundnotin Paper)

¢ IncomeUncertaintydatesbackto even earlieryears,with the seminalwork
of Beckmann(1959). His is one of the first examplesof useof Dynamic
Programmingn economics.He only dealswith simple characterizationsf
themodel,but setsthe stagefor furtherwork.

e Nagatani(1972)alsorelaxestheincomecertaintyassumption,andusinglsoe-
lastic utiliti es(which implies precautionargavings, with its risk aversionpa-
rameteralso controlling the degreeof precautionarysaszings) shaws thatthe
allocationof consumptions notindependenodf theincomerealizationsgven
withouthaving to resortto borroning constraintsBasically heshavsthatthe
consumeris revising hisincomeprospectasthelife cycle proceedsresulting
in the positive relationshipbetweernconsumpion andincome.

e Miller (1974)providesaninfinite horizonmodelwith stochastiecncomestream,
andis aclosercounterpartvith thistype of uncertaintyto thework of Phelps,
andHakanssn. He findsthatthis sourceof uncertaintyleadsto a lower con-
sumptionstreanthanin the certaintycase.

¢ Insteadof explicitly solving the CDP model for the optimal consumption
rule o*, Hall's (1978)testof the life-cycle/permanenincomehypothesisvas
basedon the Euler equationto the dynamicproblem. Hall’'s modelgeneral-
izesPhelps modelby allowing stochasticallyevolving laborincome{y; }, but
assunesthatR is the (hon-gochastic)isk-freerateof returnon bonds.

¢ In this casethe Eulerequationtakesthe form:
0=u'(ct) — BRE{U (Ct11)[He }- 1)
Hall obseredthat (1) impliesthatc; is a “sufficient statistic” for ¢;.1. For
example,in thespecialcasewhereR = 1/, (1) saysthat{u’(c;)} is amartin-
gale. Hall testedthis by runningtheregression:

Ct41 = 01+ 002G + OzH; + &t (2)
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If uis quadraticthenit is notdifficult to seethat (1) impliesthattheregres-
sionin (2) will hold with az = 0: i.e. no otherinformationin consumers
informationsetH; will be usefulpredictorsof ¢;; 1 oncewe know ¢;. Using
elements;_1, vt andy;_1 of Hy (wherey; denotesncome),Hall wasunable
to rejectthehypothesighatas = 0 usingU.S. aggreatetime seriedatafrom
1948to0 1977.

Flavin (1981)re-investigated Hall’s findings, estimatinga structuralmodel
with quadratiautility andanexplicit AR representatiofor the stochastigro-
cessof income{y; }:

Yt = Po+P1yi—1-+ -+ PnYt-n+ &, 3)
where{& } is a white-noisedisturbaice process.Flavin shaved that distur

banceg; is propational to the consumersre-evaluationof their permanent
iIncomeattimet. If thepermanenincomehypothesisholds,we have:

ACi = ¢ —Ci_1 = kg
(R-1)
k =
1-pR1—poRZ2—---—pyR™"

(4)

Thus,(4) saysthatchangesn consumptioraredrivenentirely by “surprises”
in labor income which alter consumers’ view of their permanentincome.
Flavin testedhe permanenincomehypothesidy estimatingheincomepro-
cesq3) togethemith theregression:

Act = K(Yt — Po— P1Yt—1— -+ — Pn¥t—n) + @0+ C1AYt—1+ - - OnAYt—m+ U,
()
testingthehypothesighatthecoeficientsonlaggedncomechanges$q, . . . , @m)
arezero.Flavin foundthatthe estimatedp s weresignificantlydifferentfrom
zero,leadingherto conclude

“The empiricalresultsindicatethattheobsenedsensitvity of consumgion to currentincome
is greaterthanis warrantedoy the permanentncome-life cycle hypothess, even whenthe
role of currentincomein signalling changesn permanenincomeis takeninto account.The
restrictiondmplied by thepermanenincome-rationaéxpectationdypohesiscanberejected
statigically at very high confidencdevels. Further the estimate®f the maiginal propensity
to consumeout of currentincomearequitelarge, indicatingthatthe failure of the permanent
incomehypohesisis quantititively, aswell asstatistcally, significant. (p. 976-977).



¢ Flavin's finding that consumpion respond to predictableinnovationsin in-
comehassincebecomeknown asthe problemof excesssengivity, andwas
confirmedin in subgquentstudiesincluding Hall andMishkin (1982)using
the PSID. In his sunwey of the literatureDeaton(1985) concluded:“Surprise
consumptionfunctionsestimatednquarterlyU.S.aggreatetime seriesshov
clearevidenceof excesssensitvity of consumptiorto predictablesvents. (p.
146).

e However recentresearchasquestionedvhethertherereally is ananexcess
sengdivity puzzle. Mariger and Shav’s (1988) reinvestication of the Hall-
Mishkin resultssuggestdhat the excesssensitvity might be a phenomenon
of the early 19705, sincethey find little littl e evidenceof excesssensitvity
in subseqgentwaves of the PSID. Zeldes(1989) points out that the excess
sendivity finding may be a rejectionof the certaintyequvalenceprinciple
implied by thequadratiatility specificatiorusedby Hall, Flavin, andDeaton.
Zeldesnumericallycomputedheoptimalconsumptionmule 6* in amodelwith
CRRpreferenceandconcluded:

“The resultsindicatethat rationalindividualswith constantelative risk aversionutility will
optimally exhibit “excess”sensitvity to transitoryincome,save “too” much, and have ex-
pectedgrowths of consunption thatare“too” high, relative to the simplepermanenincome
hypothesisbenchmarkgevenin the absencef borronving constraints.This suggestshatwe
shoutl rethink our presumpton thatthe certaintyequivaent modelis the appropriatebench-
mark,especiallyatlow levelsof financialwealth.(p. 295-296).

¢ AttanasioandBrowning (1991)arguethattherejectionsof the life-cycle hy-
pothesidn modelsestimatedusingaggreatetime seriesdata“may plausibly
be attributedto aggregationbias’ (p. 2). Usingdetailedmicro datafrom the
U.K. Family ExpenditureSurwey, they find that“althoughvery simpleforms
of theconsumptiorfunctionseemo displayanexcesssensitvity to expected
changein incomethis completelydisappearsvhenwe allow for the effects
of demographicandlaborsupply’ (p. 3-4). Runkle (1991)obtainssimilar
resultsusing the PSID data, concluding: “Aggregate studiesassumea rep-
resentatie agentwho conditionsexpectationson aggregate variables. But
hougholdsmay not find aggrejate datausefulin predictingtheir future eco-
nomic conditions.In this studyl assumeanly thateachhouseholknew its
own pasteconomiccondition. With this assumption] could not rejectthe
permanenincomehypothesis. (p. 91).



¢ Another possiblereasonfor the excesssensitvity finding is measurement
error.  Altonji and Siow (1986) and Runkle (1991) found significantmea-
surementerror in incomeand consumgion variablesin the PSID. They re-
estimated(2) using an instrumentalvariablesestimatorwhich is consistent
in the presenceof measuremengrror Contraryto the findings of Hall and
Mishkin (1982),they foundthatno variablesin H; weresignificant(noteven
laggedincomechanges).

e Skinner(1988 usesan approximatiornto the optimal decisionrulesto showv
how importantprecautionangavingsarein the presencef uncertainncome
streamsWith corvex maginal utility of consumptiorwe will seeprecaution-
ary savings to insureagainstthe uncertainfuture pathof income.

¢ Precautionansavings modelswill predictthat peoplesase alot morewhen
youngthanwhata simplelife cycle modelwould predict. Also somework
shaws that lack of borrowving canbe the resultof a rationalrespons to the
uncertaintyof theincomestreamthatcouldleadto zeroconsumption.



Motivation

¢ No one hasderved closed-feam solutionsfor consumptionwith stochastic
laborincomeandconstantelative risk aversionutility.

e This meangelaxingthe ability to resortto the certaintyequivalence(CE) re-
sultthatapplieswhenusingquadratiautility andit is allowedto have negative
consumption.

e Thetraditionalresultis thatexpectedconsumptions constanbvertime. Con-
sumptionis proportionalto the expectedpresentvalue of lifetime resouces,
which consistof humanwealth,plusnon-humanwealth. Humanwealthis the
presendiscountedralueasof timet of expectediuturelaborincome.

e Theauthorfindssubstantiatifferencedetweerthe simplified CE modeland
the optimal consumptionfunctionscomputechumerically andpotentiallyex-
plainthehighsensitvity of consumgion to transitoryincome thehighgrowth
of consumptionin the presencef low risk-freeinterestrate,andundersped-
ing of theelderly.

e With hismodelstheauthorcancomputethe optimalamountof precautionary
savings, andcalculatethe optimal sensitvity of consumptiorto both perma-
nentandtransitorychangesn income.

¢ He allows for lendingandborraving at a risklessrate,with only ano diein
debtcondition.

ThePuzzles

e Conaimptionseemso be too sensitve to changesn currentincome. Hall
and Mishkin (1982) define excesssensitvity asthe differencebetweenthe
respmsein consumptiorandthe annuityvalueof theincreasen humanand
nonhumanwealththatoccursasaresultof thisinnovation. They usethe PSID
andfind this excesssensitvity.

e Expectedgrownth of consumptionover time in a certainty modelwith time
separablautility andan interestrate lessthanthe rate of time preferencas
expectedo benegative. Thisis notthecaseempiricallyasreportedoy Deaton
(1986 andSingleton(1985).



e Theelderlydo not seemto dissave sufiiciently fastif we wereto believe the
benchmarlife cycle modelwith certaintyand no bequest Someauthors
have foundthey do dissae, othersthatnotatall.

e Arethesepuzzlegealpuzzlesconsideringhevery simplebenchmarknodel.
Are agentsot rational,not forwardlooking, or maybeeverythingis explain
by borraving constraints.

TheModel

¢ Individuallivesmary periods,choose®ptimalcurrentconsumptiorandcon-
tingeny plansfor future consumpion to maximizethe expectedvalue of a
lifetime time-separabletility function.

e Theonly sourceof uncertaintyis exogenousuturelaborincome,andindivid-
ualscannothedgeagainstthis by tradingcontingentlaims.

e Theconsumerchoose£; to maximize

Tt 1

= J;)(FE)JU(QH)’ (6)
subjectto
W1 = (W —G) (14 1t) + Y41 (7)
C>0 (8)
Wr —Ct > 0. 9)

e Futurevalueattime T of initial wealthandsubsegentrealizationsf income
mustbe at leastasgreatasthe future value of the chosenconsumpion path:
theindividual mustpay backall loanswith probability onebeforethe endof
life.

e The authorassumeshatthe interestrateis constantand equalto the rate of
time preference.

e For ary concave utility function with non-gochasticincomethe solutionis
thatconsumptions propotional to the expectedpresentvalueof lifetime re-
souces.



e Thisis nottruein generaif theincomeis stochastianlesautility is quadratic
and consumptions allowed to take negative values. This is the Certainty-
Equwvalencesolution.

¢ In termsof the sensitvity of consumptionwith respectto currentincome,
CEQ predictsthat consumersespondn the sameway to an extra dollar of
iIncomeasto anextradollar of wealth. Thiswill notbethe casehere.

Implementation

e The modelis calibratedbasedon paneldataestimatesof the amountof in-
comeuncertaintyfacingindividualsin the economy He dividesincomeinto
a permanentomponentanda transitorycomponent.He usessomead-hoc
probability distribution over the evolution of thesecomponents.

e The methodfor calculatingthe optimal consumpion is stochastiocdynamic
progamming. One statevariable (wealth), one control variable (consump-
tion), andone-disturbanc@ncome).He discretizeghe statespaceo approx-
imatethe solution.

e To adequatelyake into accounthe evolution of the permanenincomecom-
ponentheneeddo introduceanothelstatevariable makingthe solutionof the
modelmorechallenging.

Results

e For simplicity he assumes 15 period model. y is equalto 3. The model
exhibits dramatic‘excesssensitvity” relative to the CE benchmark.

¢ His resultsindicatethat we shoud expectMPCsout of transitoryincometo
be much larger for hougholdswith low current(certain) assetgelatve to
expectedfuture (uncertainjncomethanfor therestof the population.

¢ He alsofindsthatindividuals“overrespontl to changesn currentincomeor
wealth,and“underrepond”to changesn expectediutureincome.

e ThendefiningprecautionangavingsasC — Ccgq calculateghatconsumption
would be 20% higherif therewereno uncertaintyin the model. Conjectures
thatthis meanghata lot of the wealthaccumulatiorwe seein the US is due
to precautionangavings.



¢ He alsofindsthat consumptiorgrowth is positve evenif the interestrateis
equalto therateof time preference.

e In termsof the dissaving whenold “puzzle” he finds that if we interpret
possble catastrophidiealthexpendituresventsaspossiblenegative income
shocls, themodelwould predictthatprecautionargavingswould leadto less
dissaing thatthe standardnodelwould predict.

OpenQuestions

e If precautionansavings areimportantyou would expectindividualsto accu-
mulatesubsantialwealth.Is this true?

¢ Do individualsthat facegreateruncertaintyaccumulatemore savings? Still
unre®lved. Controllingfor financialassetsincomeprofiles,andrisk aversion
IS noteasy

e He correctly conjectureghat endogenizindabor supply would provide an-
otherway of hedgingtheincomeuncertainty He seegshatthe effect of uncer
tainty on consumptiommight be lessdramatic. Obviously is becomesabout
smoothingutility.



