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FIGURE1. OECDHealthExpendituresasaShareof GDP
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1. INTRODUCTION

In 1960, aggregate healthexpendituresin the United Stateswere 5.1

percentof GDP;by1997,thehealthexpendituresharestoodat13.6percent.

Why havehealthexpendituresasashareof GDPrisensodramatically?

Oneconventionalexplanationholdsthat U.S. governmentpolicy is re-

sponsible.Changesin transferprogramssuchasMedicareandMedicaid

have possiblyled to the increasedspendingon health. Oneproblemwith

this explanation,however, is thatsimilar increasesin healthexpenditures

asashareof GDPhavebeenobservedthroughouttheOECD,asshown in

Figures1 and2. It is true,asis oftennoted,that theUnitedStatesspends

alargerfractionof its incomeonhealththanothercountries,but therecent

tendency for this expenditureratio to increaseseemsto be a widespread
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FIGURE2. OECDHealthSharevs. Life Expectancy, 1960and1997
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Notes:Observationsfor 1960areplottedby countrycodewith lowercaseletters;
uppercaseletterscorrespondto observationsfor 1997.Datafrom OECD(2000),
Tables7 and16. Life Expectancy is for malesonly.

phenomenon.The typical changeacrossthe OECD is an increasein the

healthexpendituresharefrom about4 percentof GDPto about8 percent.

Anotherpossibleexplanationis thecostdiseasestoryof Baumol(1967).

Accordingto this explanation,healthcare,like otherservices,useslabor

intensively andexhibits relatively low productivity growth. This leadsto

a rising relative price of healthcareand,dependingon preferences,to a

risingshareof expenditures.Super�cially, thisargumentappearssomewhat

plausible,asmeasuredlaborproductivity growth in thehealthsectorwas

negative between1987and1997andthe medicalcarecomponentof the

CPI grew fasterthantheoverall CPI (Triplett andBosworth (2000)). On
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the otherhand,the generalcostdiseaseexplanationfor healthcarerings

hollow in the faceof rapid technologicaladvancessuchasthe discovery

of new drugs,diagnosticequipment,andmedicalproceduresthat appear

to be occurringthroughoutthe healthsector. Moreover, it is clear that

measurementproblemsin this sectoraresevere,andattemptsto correct

thesemeasurementproblemssupportthecasualobservation thatmedical

careis a sectorwith rapid technologicalchange. As just one example,

Cutler, McClellan,NewhouseandRemler(1998)reportthatbetween1983

and1994,therealquality-adjustedpriceof heartattacktreatmentsactually

declinedatanannualrateof 1.1percent.1

Newhouse(1992)providesanicesurvey of possibleexplanationsfor the

rise in healthexpendituresasa shareof GDP. In addition to changesin

U.S. policy andthe Baumolcost-diseasestory, Newhouseconsidersand

rejectsexplanationsdriven by demographicchangesassociatedwith the

agingof thepopulation,theincreasein healthinsurance,increasedincome

andhealthasaluxurygood,andsupplier-induceddemandfor medicalcare.

For example,on the demographicexplanation,Newhouseconcludesthat

theagingof theU.S.populationcanaccountfor arisein totalexpenditures

of merely15percentbetween1950and1987,asmallfractionof themore

than �v e-fold increasein actualexpenditures. As anotherexample,the

incomeeffectsexplanationis problematicin largepartbecauseestimates

of the incomeelasticityof demandfor medicalcarein theUnitedStates,

holdinginsuranceconstant,areonly about0.2to 0.4.

After reviewing in detail thesepossibleexplanations,Newhouse�nds

thatheis left with a largeresidual:eventakentogether, theseexplanations

1Additionalexampleswill bediscussedbelow in Section4. Triplett (forthcoming)shows
how suchcorrectionsof price indexescanimpactmeasuredproductivity. As anexercise,
heappliesapriceindex thatshowszeroin�ation in medicalcareto theentirehealthsector.
With thischange,multifactorproductivity in healthservicesincreasesatarateof 5.6percent
peryearbetween1987and1997,ratherthandecliningatanannualrateof 2.6percent.
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accountfor only aminority of theincreasein healthexpenditures,certainly

lessthanhalf andperhapslessthana quarter. Instead,Newhouseargues

that“I believethebulk of theresidualincreaseis attributableto technolog-

ical change,or whatmight looselybecalledthemarchof scienceandthe

increasedcapabilitiesof medicine”(p. 11). This explanationhasreceived

growing attentionthroughoutthe last decadefrom healtheconomists;a

smalllist of examplesincludeFuchs(1996),OkunadeandMurthy (2002),

andCutler(2004).

Thispaperconstructsasimplemodeltoexaminetheeffectsof the“march

of science”onhealthexpenditures.Technologicaladvancesallow diseases

andotherhealthproblemsthatcouldnot becuredat any price in thepast

to betreatedeffectively today. Considerthedevelopmentof MRIs, arthro-

scopicmedicalprocedures,antibiotics,angioplasty, and drugsthat treat

depression.Beforetheseandothertechnologieswerediscovered,health

expenditureshareswere low by default. The gradualdiscovery of new

treatmentsovertimedirectly increasestheexpenditureshareby permitting

thedesiredhealthexpendituresto occur.

Of course,acountervailing forceis thattechnologicalprogresscontinu-

ally reducesthecostof any giventreatment,asin theheartattackexample

givenabove. MRIs andheartattacktreatments— onceadjustedfor quality

— aremuchcheapertodaythana decadeago. How thesetwo forms of

technologicalprogressultimately in�uence aggregatehealthexpenditures

is somethingthispaperwill explore.

Anotherimportantcomponentof themodelis a Medicare-like transfer

program.As modeled,this programfeaturesanendogenoustax ratethat

adjuststo ensurethattheelderlyliveaslongasis technologicallyfeasible.

This transfersystemandtechnologicalprogressturn out to bea powerful

combination. Unchecked, this combinationproducesa rapidly growing

healthsharethat caneventuallyconsumean arbitrarily large fraction of
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GDP. A critical parameterof themodelthenturnsout to bethemaximum

transferratethatsocietyis willing to tolerate.

Thepaperis organizedasfollows. Section2 developsthebasicmodel,

while Section3 addsthetransferprogram.Section4 showsthatthemodel,

for plausibleparametervalues,is consistentwith theNewhouseview that

the marchof scienceaccountsfor the majority of the increasein the ag-

gregatespendingshare.Section5 providesa fully worked-outsimulation

of the model for a particularparameterization.Section6 presentssome

additionalevidenceonthevalidity of themodel,andSection7 offerssome

concludingremarks.

2. BASIC ACCOUNTING IN A SIMPLE MODEL

In this sectionwe presenta very stylizedmodelmeantto capturesome

of thefactsrelatedto healthexpenditures.Themodelcanbethoughtof as

“Solow andRomermeethealtheconomics.”As in Solow (1956),economic

allocationsandtechnologicalprogressaretakento beexogenoussoasto

simplify theanalysis.As in Romer(1990),technicalchangeis at theheart

of thepaper.

2.1. Micr ofoundations

Supposetherearea rangeof healthproblemsthat canaf�ict a person.

Theseproblemsareindexedby x 2 [0; 1 ) andareorderedsothathealth

problemswith a higherx arescienti�cally moredif�cult to treat. At any

point in time, successfultreatmentshave beendiscoveredonly for health

problemsin therange[0; �x(t)].

Let `(x; t) denotelife expectancy for someonesuccessfullytreatedfor

conditionx at time t. In modernactuarialtables,life expectancy hasa

statisticalmeaning,different from the numberof yearsa typical person

might expectto live, which dependson futuretechnologicalprogress.To



HEALTH EXPENDITURESAS A SHAREOFGDP 7

avoid makingassumptionsaboutthe future, life expectancy is calculated

asthe expectedlengthof life for a personborn todayandforever facing

themortality ratesthatprevail in thecross-sectionof agestoday. With one

change,we will give a similar interpretationto `. The changeis that `

measurestheexpectedlengthof life assumingall technologically-available

treatmentsareutilized. In fact,aswe will see,sometechnologiesmaybe

soexpensivethatthey will notbeutilizedandpeoplewill diewho,atsome

cost,couldlive longer. Weassumethat`(x; t) is givenby

`(x; t) = �x(t) � x: (1)

Life expectancy is higherfor lesssevereconditions,but falls to zerofor

someonewhocontractsthemostseverehealthproblemthatcanbetreated,

�x(t). In theabsenceof a treatmentfor any healthproblem,apersondies.

Oncea treatmentis discovered,thecostof treatingconditionx is

�h(x; t) = �h0e� x � 
 (t � � (x)) ; (2)

where� (x) denotesthedateatwhichasuccessfultreatmentfor conditionx

is �rst discovered.Thecostof treatingadiseasewhenthetreatmentis �rst

discoveredincreasesat rate� with the severity of the disease.However,

aftertheinitial treatmentis discovered,subsequenttechnologicalprogress

continuallyreducesthecostof treatingthediseaseat rate
 . In themodel,

then, technologicalprogressaffects healthexpendituresin two different

ways.Themarchof scienceleadsto thediscoveryof costlytreatmentsfor

healthproblemsthatcouldpreviously not becured,but it alsoreducesthe

costof thosetreatmentsover time.

We modelboth kinds of technologicalprogressasexogenousandas-

sumethatthedateatwhich the�rst successfultreatmentfor conditionx is

discoveredis givenby

� (x) = � (x � �x0); (3)
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where�x0 representsthefrontierof medicalknowledgeattimet = 0. Every

� years,themarchof scienceshiftsthis frontieroutby oneunit.

2.2. Someuseful implications

Wenow derive thedistributionof healthexpendituresacrosspeopleasa

functionof life expectancy, andwe thenderive thetime seriesprocessfor

economy-widelife expectancy. Thesederivationsareparticularlyuseful

whenit comestime to matchthemodelupwith data.

Somestraightforwardalgebrashows that2

h(`; t) � �h(x(`); t) = h0e�t � � ` ; (4)

where

� � � =� (5)

and

� � � + � 
 = � (� + 
 ): (6)

Equation(4) hasthe following interpretation.At a given level of life ex-

pectancy, healthexpendituresrise over time at rate � � � =� . As the

presenceof the parameter� in this expressionmakesclear, this increase

re�ects thefact thatpeopleat a given level of life expectancy suffer from

moresevere— andthereforemorecostly— medicalproblemsover time.

Thesickestpersonin theeconomyin 2002ismuchmorecostlyto treatthan

thesickestpersonin 1950becausetechnologicalprogresshassigni�cantly

shiftedout thefrontiermedicalconditionthatcanbetreated.

Thisequationalsodescribesthedistributionof healthexpendituresacross

peopleat a point in time. Healthexpendituresarehighestfor peoplenear

2First,noticethat �x(t) = �x0 + t=� , sothatx = �x0 + t=� � ` . Substitutingthis relation
togetherwith theequationdescribing� (x) givesthedesiredresult,whereh0 � �h0e� �x 0 :
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deathanddeclineexponentiallyacrosspeopleat rate� aslife expectancy

rises.A personwith alowerlife expectancy hashigherhealthexpenditures

for two reasons,ascanbe seenin equation(6). First, the personsuffers

from moreseriousmedicalproblems,which increasethecostof treatment

atrate� . Second,theinitial treatmentsfor thesemoreseriousmedicalprob-

lemshave beendiscoveredmorerecently, meaningthat thecost-reducing

technologicalprogressassociatedwith 
 hashadlesstime to reducethe

costof treatment.3 Thisapproachto thinkingabouthealthexpendituresas

dependingon an individual's life expectancy ratherthanageis supported

by therecentwork of SeshamaniandGray(2004).

A morestraightforward implication of the model relatesto economy-

widelife expectancy. Thehighestlife expectancy in thepopulationisgiven

by `(0; t) = �x(t) = �x0 + t=� , wherethelastequalitycomesfrom setting

t = � ( �x(t)) in equation(3). Thiscorrespondsnicelytowhatdemographers

calculateaslife expectancy atbirth,andit will beusefultogivethisquantity

its own variablename,�a(t):

�a(t) � `(0; t) = �x0 +
t
�

: (7)

Becauseof technologicalprogress,economy-widelife expectancy risesby

1 year every � years. White (2002) shows that this linear formulation

providesanexcellent�t of thedatain high-incomecountriesin thesecond

half of the twentiethcenturywith � approximatelyequalto 5. SeeLee

(2003)for morediscussionof this regularity.

2.3. Remainingsetup

Theremainingsetupof themodelinvolvesthedistribution of thepopu-

lation, timing considerations,andadescriptionof income.For thesakeof

3Theparameter� in thisequationplaystheroleof anexchangerate,convertingbetween
parametersdescribinggrowth over time(� and
 ) andaparameterthatdescribesagrowth
rateacrossages(� ).
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simplicity, we assumethat the populationis uniformly distributedacross

life expectancy at eachpoint in time,with ` 2 [` � (t); �a(t)].4 Theendoge-

nousvariable` � (t) will be equalto zeroif all availabletechnologiesare

utilized. It will begreaterthanzeroto theextent that sometechnologies

arenot used. For example,supposethat ` � = 2 at sometime. In this

case,peopledie whenthey, if all treatmentswereused,couldlive for two

additionalyears.This might beanoutcomeif thoseadditionaltreatments

areextraordinarilyexpensive. Wewill de�ne

a� (t) � �a(t) � ` � (t): (8)

Thiscanbethoughtof asactuallife expectancy atbirth in thepopulationat

timet, and,sincethepopulationisuniformlydistributedacross̀ , it denotes

thesize(measure)of thepopulationattimet. Notethattheassumptionthat

thepopulationremainsuniformlydistributedacross̀ while life expectancy

is growing meansthatthereis populationgrowth.

The timing of the model works as follows. Time is discrete. At the

beginningof aperiod,peopleundertaketheirhealthexpenditures,andthen

live for thatperiod. Peoplewhoselife expectanciesin periodt arein the

range[` � (t); ` � (t) + 1) dieat theendof thatperiod.

Finally, let Y (t) denoteaggregate income at time t so that y(t) �

Y (t)=a� (t) is per capitaincome. We assumey(t) = y0egt so that per

capitaincomegrows exogenouslyat theconstantrateg. At this point,we

donotneedto makeany assumptionsaboutthedistributionof this income

acrosspeople.

4From equation(1), we are essentiallyassuminga uniform distribution acrosshealth
conditions.
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2.4. Preferencesand quality of life

Themodelconsideredheredoesnotexplicitly introduceutility functions

or quality of life considerations.However, both of theseelementsarein

thebackgroundandit is worthpausingto commenton their roles.

First, onecould imagineincorporatingan explicit utility function into

theanalysis,which determinestheamountthatgetsspenton healthcare,

subjectto the constraintsof the technology. The assumptionhereis that

thetechnologyconstraintsarealwaysbinding: peoplewould like to spend

moreon healthcareandto live longerandbetterlives,but thetechnology

doesnot yet exist, sothey areconstrainedto spendwhatis feasibleat any

point in time.

Second,clearlya substantialamountof healthspendingaffectsquality

of life in additionto quantityof life, andin practiceit is very dif�cult to

divide spendinginto thesecategories. Thekey equationregardingspend-

ing in the model is equation(4), which saysthat spendingrisesas life

expectancy declinesin the cross-section,and the entirepro�le shifts up

over time. While themicrofoundationsdo not explicitly introducequality

of life considerations,onecouldinterpretthisequationasalsoincorprating

spendingthataffectquality: h(`; t) givestheamountof spendingrequired

atagivenlife expectancy atagivenpoint in time thatallows thepersonto

liveanadditionalyearataparticularquality level.

2.5. Analysis

With this setup,we arereadyto solve for aggregatehealthexpenditure

asashareof GDP. Firstnoticethattotalhealthexpenditure,H (t), is given

by

H (t) �
Z �a(t )

` � (t )
h(`; t)d`: (9)
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Dividing by GDPandrecallingthatY (t) = a� (t)y(t) yields

H (t)
Y (t)

=
1

a� (t)

Z �a(t )

` � (t )

h(`; t)
y(t)

d`: (10)

That is, the aggregateexpenditureshareis the averageof the individual

expenditureshares.5

Usingequation(4), it is straightforwardto show that

H (t)
Y (t)

=
1

� a� (t)

�
h(` � ; t)

y(t)
�

h(�a(t); t)
y(t)

�
(11)

=
1

� a� (t)
h(` � ; t)

y(t)
(1 � e� � a� (t ) ): (12)

The �rst line of this expressionexploits a simplefact that the integral of

anexponentialprocessis proportionalto thedifferencebetweenits value

at thetwo endpoints.6 Thesecondline takesadvantageof thefactthatthis

differenceis proportionalto theexpenditureshareby thepersonclosestto

death.

Finally, aslong as� a� (t) is relatively large,a very goodapproximation

is givenby

H (t)
Y (t)

�
1

� a� (t)
h(` � ; t)

y(t)
: (13)

Thereareseveral thingsto noteaboutthis result. First, the aggregate

healthexpenditureshareis proportionalto the largestquantityof health

5Noticethatweareabusingthelanguageabit with thisstatement.Becausewe'vemade
no assumptionsaboutthedistribution of income,thecorrectstatementwould be that the
aggregateshareisaweightedaverageof theindividualexpenditureshares,wheretheweights
correspondto incomeshares.That is, we could multiply anddivide the term insidethe
integralby y(`; t). Ratherthanproceedin thisway, it is convenientto leavetheexpression
ash(`; t)=y(t). Wewill speakof thisasthehealthexpenditureshareby someonewith life
expectancy `, but theincome-weightcaveatshouldbekeptin mind.

6A more intuitive way to view this mathematicalfact is to considerthe averageof an
exponentialprocessratherthanthe sum. If x(t) = x0egt , then �x(t) � 1

T

RT

0
x(t)dt is

equalto 1=gT � (x(T ) � x(0)) . Rearranging,weseethatg = 1=T � (x(T ) � x(0)) =�x.
The exponentialgrowth rateis equalto the percentagechangein the process,wherethe
changeis takenrelative to, not thestartingor endingvalue,but to theexponentialaverage
itself.
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expendituresin thepopulationdividedby percapitaGDP. Let uscall this

term,h(` � ; t)=y(t), thehealthexpenditureshareattheendof life, becauseit

re�ects thehealthexpendituresof individualswith theminimal level of life

expectancy. It isslightlymisleadingtocall it anexpendituresharebecauseit

ispercapitaincomein thedenominatorratherthanany individual'sincome.

Still, it is convenientto haveashortphraseto describethisquantity.

Second,thefactorofproportionalitydependsinverselyonlife expectancy,

a� (t). Holdingconstanttheexpenditureshareof peopleneardeath,anin-

creasein economy-widelife expectancy reducestheaggregateexpenditure

share.Wewill call this thedilution effect. Recallthattheaggregatespend-

ing shareis theaverageof the individual spendingshares.A higherlevel

of life expectancy, with thehighestexpenditureshareheldconstant,essen-

tially meansalargermeasureof low-costhealthy peopleoverwhichweare

averaging.At any pointin time,therearealways�v eyearsworthof people

who are�v e yearsaway from dying. This is truewhethereconomy-wide

life expectancy is60yearsor80years,but in thelattercase,these�v eyears

worthof peopleconstituteasmallerfractionof thepopulation.

Third,becauseof thisdilutioneffect,growth in theaggregateexpenditure

sharerequirestheexpenditureshareat theendof life to grow fasterthan

life expectancy. Usingequation(4), we canreplacethis expenditureshare

with theappropriateexponentialtermsto get

H (t)
Y (t)

�
1

� a� (t)
h0

y0
e(� � g)t e� � ` �

: (14)

A necessarycondition for H=Y to grow is that � > g, i.e. that health

expendituresatagivenlevel of life expectancy grow fasterthanpercapita

GDP.

Finally, we canusethe approximationin equation(14) to get a rough

senseof thenumbersinvolved. As discussedin theintroduction,between

1960and1997, the U.S. healthexpendituresharerosefrom 5.1 percent
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to 13.6 percent,that is by a factor of 13:6=5:1 = 2:7. Similarly, life

expectancy overthisperiodrosefrom 66.6yearsto 73.9year, or by afactor

of 73:9=66:6 = 1:11, accordingto the datain Figure2. To matchthese

numbers,theexpenditureshareat theendof life mustriseby a factorof

2:7 � 1:11 = 3:0. Assuming` � is constantandg = :018, this requiresa

valueof � = :047. That is, healthexpendituresby peopleshortlybefore

they diemusthavebeenrisingata rateof 4.7percentperyear.

By itself, thisresultisnotsurprising— it issimplyamatterof accounting.

If H=Y hasbeenrisingandif healthexpendituresaredistributedexponen-

tially acrossthepopulation,thenthehealthexpenditureshareat theendof

life musthavebeenrising,andwehavesimplycalculatedtherateatwhich

this risemustoccur.

Thecarefulreadermaynow bebotheredbysomething:if theexpenditure

shareof decedentsgrowswithoutbound,whatpreventsH=Y fromgrowing

beyond100percent?Theanswer, of course,mustbethat theexpenditure

shareattheendof life cannotgrow withoutbound:atsomepoint,individual

healthexpendituresrelative to percapitaincomemustlevel off. Sincewe

have not discussedthe economicforcesgoverningan individual's choice

of healthexpenditure,this resulthasbeensuppressed;it will beexplored

in detail in thenext section.

Still, we can pauseto seethe basic implication of this bound. Sup-

posethath(` � ; t)=y(t) reachesanupperboundandstopsgrowing. From

equation(13), the dilution effect will thendominateandH=Y declines,

eventuallyasymptotingto zero. Recallfrom equation(10) that theaggre-

gateexpenditureshareis simply theaverageof theindividual expenditure

shares.With thetopexpendituresharebounded,thisaverageis continually

diluted by the fact that a rising life expectancy introducesan increasing

numberof low-costhealthy individuals.
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3. PAY-AS-YOU-GO HEALTH CARE FINANCING

To this point, we have suppressedany budgetconstraintconsiderations

in thedeterminationof healthexpenditures.Thisneglectis now remedied.

Theindividualexpendituredecisionis impactedsigni�cantly bypublicand

privatehealthinsuranceandby life cycle considerations.Ratherthanan-

alyzethis complicatedchoice,we make a numberof specialassumptions

abouttheeconomicsof individualdecision-making.Thegoalis to build a

modelthat is simpleto analyzeyet sophisticatedenoughto produceinter-

estingresults.

At somepoint, individualsapproachtheendof life andfacelargehealth

expenses.Weassumethattheseexpensesare�nancedin thefollowingway.

First, individualsneartheendof life have incomeandwealththatallows

themto spendup to somemultiple, � , of disposablepercapitaincomeon

healthcare.For simplicity, thelevel of this resourceconstraintis assumed

to be thesameacrosspeople.Theparameter� is a reduced-formway to

captureseveral competingconcerns. On the onehand,individualsmay

have accessto healthinsurance,discussedbelow, so that they only need

to paysomefractionof their healthexpenses,leaving moreresourcesfor

consumptionandbequests.This suggeststhat � might be low. On the

otherhand,individualsknow thatthey will facelargehealthexpensesnear

the endof life andmay save for this purpose.This would make � high.

Clearly, � couldbegreateror lessthanone,andin arichermodelwouldnot

beinvariantto thepolicy regime: changesin thehealthcaresystemwould

change� . Modelingthesesophisticatedeffectsis important.However, it is

alsocomplicated,andtheresultsthatoneobtainsarelikely to besensitive

to theexactnatureof privateandpublichealthinsuranceandto behavioral

assumptions.We leave this valuableresearchto future work andinstead

focusonthesimplercasewhere� is a reduced-formparameter, with these

caveatskeptin mind.
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In additionto theirown resources,individualsin thismodelhaveaccess

to a basichealthinsurancesystem.We will think of this aspublic health

insurance,but thereis no reasonin the model why it could not be run

privately. Theinsuranceschemeis �nancedbya�at incometax(premium)

at rate� (t). It paysoutbene�ts,v(`; t), thatdependonhealthstatus.

Becauseof rapidtechnologicalprogress,thecostof keepingpeoplealive

in thelastyearof life risesmorerapidlythanpercapitaincome(� > g). At

somepoint,thesecostsoutstripanindividual'sability topayfor treatments,

sothateventhoughthetechnologyexiststo prolonglife, thecostis greater

thanthe individual canafford. Call the dateat which this occurst � , and

noticethatthisdatesolvesthefollowing equation

h(0; t � ) = � y(t): (15)

Prior to datet � , individualscanpay their own healthexpenses,andwe

will assumethe insuranceschemedoesnot operate,so that � (t) = 0 for

t < t � . Up until this date,aggregatehealthexpensesaredeterminedby

equation(13)with ` � (t) = 0. Thatis, peopleliveaslongasis technologi-

cally possible.

After datet � , thischanges.Thetechnologicalcostsof keepingindividu-

alsalive aslong aspossiblemayexceedtheir resources.In theabsenceof

a transferscheme,suchpeoplewoulddie immediately.

Transfersv(`; t) arepaidto thesepeoplein exactly thequantityneeded

to keepthemaliveuntil thebudgetis exhausted.Thatis

v(`; t) = h(`; t) � � (1 � � (t))y(t); ` 2 [` � (t); �̀ (t)]; (16)

where�̀(t) denotesthe life expectancy of themarginal personrequiringa

transfer, givenimplicitly by

h( �̀ (t); t) = � (1 � � (t))y(t): (17)
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Finally, weassumethatthetransferprogramoperateswith abalancedbud-

get:

� (t)a� (t)y(t) =
Z �̀ ( t )

` � (t )
h(`; t) � h( �̀ (t); t)d`: (18)

We make the following additionalassumptionsaboutthe insurancein-

stitution. After datet � , transferpaymentsareusedto keeppeoplealive as

long asis technologicallyfeasible. That is, equation(18) canbe thought

of asdeterminingtheinsurancepremium� (t) sothat ` � (t) = 0. We also

assumethatthispremium/taxrateis cappedat �� < 1. In general,therewill

bea third datet �� at which time this boundon thetax rateis binding. In

this regime,equation(18) canbe thoughtof asdetermining̀ � (t) so that

thebudgetconstraintis satis�edwith � (t) = �� . Thatis, life expectancy is

rationedby thewillingnessof societyto pay the largehealthexpensesof

thoseneardeath.

Wepauseat thispoint to highlight thekey endogenousvariablesandthe

key equationsthatdeterminethem.Thesevariablesareh(`; t); �a(t); a� (t),

` � (t); �̀ (t); H (t)=Y (t), and� (t). The equationsthat determinetheseen-

dogenousvaluesare(4), (7), (8), (17), (18), (13), andthe conditionsde-

scribedabove thatset� (t) = 0 whent � t � , ` � (t) = 0 for t � t �� , and

� (t) = �� whent > t �� . Notice that t � is determinedby equation(15)

andt �� is determinedasthedateat which � (t �� ) = �� and` � (t �� ) = 0 in

equation(18).

4. SIMULA TING THE MODEL, PART I

Thesurvey by Newhouse(1992)suggestedthat the“marchof science”

was responsiblefor at least50 to 75 percentof the rise in U.S. health

expenditures.Now thatwe have a modelin which technologicalprogress

canleadtoarisinghealthshare,thequestioniswhetherornotthemagnitude

of theincreaseis quantitatively signi�cant for plausibleparameterizations.
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Valuesfor someparametersare relatively easyto infer from various

stylizedfacts.For theunderlyinggrowth rateof percapitaincome,g, we

take a valueof 1.8 percent,correspondingroughly to the growth rateof

GDPpercapitain theUnitedStatesin thepostwar period. Theparameter

� measuresthenumberof yearsit takestechnologicalprogressto raiselife

expectancy by ayear. In theUnitedStates,malelife expectancy increased

from 66.6yearsin 1960to 73.9yearsin 1997,suggestinga valueof � of

(1997� 1960)=(73:9 � 66:6) = 5:07, consistentwith the estimatesfor

advancedcountriessince1955in White (2002).

Picking a value for � gives us the opportunityto examinetwo differ-

entpiecesof data. Recallthat � capturesthe rateat which healthexpen-

dituresdeclinewith life expectancy in a cross-sectionof the population.

Miller (2001)reportsaverageannualMedicareexpendituresper enrollee

for 129,166randomly-chosenpeoplewhodiedin 1989or 1990,usingdata

fromLubitz,BeebeandBaker(1995).DatafromtheContinuousMedicare

HistorySampletrackstheirMedicareexpendituresbackto 1974,allowing

Miller to look atMedicareexpendituresversusyearsbeforedeath.7 These

numbersareplotted in Figure3. While the modelassumesthis relation

to be log-linear, thedatasuggestthat it is not. Rather, a log-linearspline

seemsto �t the databetter. Medicareexpendituresrise at a rate of 9.4

percentperyearfor people3 to 10 yearsaway from death.This ratethen

acceleratessharplyto 45percentperyearin thelasttwo yearsbeforedeath.

7Sincethedatacorrespondto Medicareexpendituresover time for peoplewhodiedin a
singleyear, onemight worry thatFigure3 reveals� + � ratherthanjust � . Footnote3 in
Miller (2001)documentsthattheexpendituresareplacedin 1990dollarsby multiplying by
afactorcorrespondingtopercapitaMedicareexpendituresin thetwoyears.Thisessentially
undoesthe � effect. In termsof the model,it introducesan extra term correspondingto
theproportionby which life expectancy changedbetweenthetwo years,but this factoris
extremelysmallrelative to the� effects,soI havechosento reporttheoriginalMiller data
ratherthanmakingthecorrection.
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FIGURE3. AverageAnnualMedicareExpendituresperEnrollee
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Circlesrepresentaverageexpendituresfor all enrolleesover age65, takenfrom
Miller (2001),Table1.

This suggestsa valueof � in themodelthat is someaverageof 0.094and

0.45.8

Fortunately, � canalsobecalculatedusinga secondpieceof data. It is

straightforwardto show (seetheAppendix)thatthefractionof totalhealth

expendituresaccountedfor bypeoplein thelastyearof life isapproximately

equalto 1 � e� � � � . Intuitively, this occursbecausethedistribution of

healthexpendituresacrosspeopleis exponentialwith parameter� , and

this entiredistribution shifts in thesameway over time. Lubitz andRiley

(1993)documentthattheshareof Medicarepaymentsonbehalfof people

8The model could be augmentedto capturethis non-exponentialpatternby addinga
term �y (t) to the basicspendingrelationin equation(4). This term incorporateshealth
expendituresthatarelargelyindependentof life expectancy, suchashealthy pregnancy and
childbirthexpenses,vaccinations,athleticinjuries,etc.
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in the last year of life is relatively stable,�uctuating between27.2 and

30.6 percentover the period1976to 1988. This is useful in two ways.

First,Lubitz andRiley emphasizethattheir resultis somewhatsurprising:

many peoplehadsuspectedthat the large rise in Medicareexpenditures

wasdisproportionatelyassociatedwith peoplein thelastyearof life. They

show thatthis is not thecase,andthemodelalsopredictsthatthis fraction

shouldbe stable. Second,we canusethesenumbersto help calibrate� .

Presumablythefractionof totalhealthexpendituresoccuringin thelastyear

of life is smallerthanthe fraction for Medicare.9 Basedon this fraction

andon the Miller evidencediscussedabove, we choose� = 0:2877so

that1 � e� � = 0:25 asa benchmarkvalue,i.e. onequarterof total health

expendituresareassumedto go for peoplein thelastyearof life.

The �nal parameter— and in fact really the crucial parameterof the

model— is � . As wasapparentin thecalculationsat theendof Section2,

with asuf�ciently largevalueof � themodelwill havenotroubleexplaining

thenearly3-foldincreasein theU.S.healthshare.Tomakeamoreinformed

judgmentastohow muchof theincreasein H=Y themodelcanexplain,one

would ideally like to obtainthevalueof theparameter� without reference

to themagnitudeof theincreasein theaggregatehealthexpenditureshare.

This is whatwedonow.

For this purpose,the key insight comesfrom equation(6), which we

reproducehere:

� = � (� + 
 ): (19)

Recallthat� measurestherateat whichhealthexpenditureschangein the

crosssectionwith a changein life expectancy. Healthexpendituresare

higherfor a personwith lower life expectancy for two reasons.First, the

9This is not entirelyclear, however, sincemany nursinghomeexpensesarenot covered
by Medicare.
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healthproblemspossessedby this personaremoresevere,raisingcostsat

rate� . Second,basictreatmentsfor thesemoresevereproblemshavebeen

discoveredmore recently, meaningthat the cost-reducingtechnological

progressoccuringat rate
 hashadlesstime to operate.

If we knew the valueof 
 , equation(19) could be usedto backout an

impliedvalueof � . Fortunately,estimatesof 
 arenow availablefromrecent

work in healtheconomics.This parametercorrespondsempirically to the

annualrateatwhichthequality-adjustedcostof treatingaspeci�c medical

conditiondeclinesover time. As discussedin the introduction,Cutler et

al. (1998)�nd thattherealquality-adjustedpricefor treatingheartattacks

declinesat a rateof 1.1 percentper yearbetween1983and1994. Other

authorsreportsimilar �ndings. For example,Shapiro,ShapiroandWilcox

(1999)examinethetreatmentprice for cataractsbetween1969and1994.

While aCPI-likepriceindex increasedatanannualrateof 9.2percentover

thisperiod,theiralternativepriceindex, onlypartiallyincorporatingquality

improvements,grew only 4.1 percentperyear, falling relative to thetotal

CPI at a rateof about1.5percentperyear. Berndt,Bir, Busch,Frankand

Normand(2000)estimatethatthepriceof treatingincidentsof acutephase

major depressiondeclinedin nominal termsby between1.7 percentand

2.1percentperyearbetween1991and1996,correspondingto arealrateof

declineof morethan3 percent(thoughoverarelatively shorttimeperiod).

Table1 solvesthemodelfor key resultsusingthis evidenceanda range

of valuesfor � to pin down � . More speci�cally, we considervaluesof

� of 0.20,0.25,0.30,and0.35,andtreatmentpricedeclinesof 1 percent,

1.5 percent,and2 percent.10 Table1 thenreportsthreestatisticsfor each

10 An importantconsiderationin pickingtherangefor thetreatmentpricedeclinesis that
thereis alsoabiasin thetotalCPI index. Thepapersconsideredaboveattemptto measure
the bias in the treatmentprice index, but to the extent that the total CPI in�ation rate is
biasedupwards,therealpricedeclinesimpliedby thosestudiesmaybeoverstated.This is
why we limit theupperendof therangeto two percent.
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TABLE 1.
ExplainingtheRisein H=Y

—————— Valuesof � ——————
0.20 0.25 0.30 0.35

1. Treatmentpricedecline:� � � =� = � 0:01

� 0.0295 0.0393 0.0492 0.0591
H =Y Factor 1.38 1.98 2.86 4.12
Frac.Expl. 0.23 0.59 1.11 1.87

2. Treatmentpricedecline:� � � =� = � 0:015

� 0.0245 0.0343 0.0442 0.0541
H =Y Factor 1.14 1.65 2.37 3.42
Frac.Expl. 0.09 0.39 0.82 1.45

3. Treatmentpricedecline:� � � =� = � 0:02

� 0.0195 0.0293 0.0392 0.0491
H =Y Factor 0.95 1.37 1.97 2.84
Frac.Expl. -0.03 0.22 0.58 1.11

Note: “H =Y Factor” is the factor by which H =Y increases,calculateddirectly from
equation(20). “Frac. Expl.” denotesthefractionof theactualincreasein H =Y explained
by themodelandis equalto (\ H =Y F actor ” � 1)=(2:67 � 1), where2:67 is theactual
factorincreasein theU.S.databetween1960and1997.
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pair of parametervalues.The�rst is simply theimplied valuefor � . The

second,H=Y Factor, is the factorby which H=Y increasesin themodel

between1960and1997giventhisvaluefor � . Usingequation(14),H=Y

Factoris givenby11

H (97)=Y(97)
H (60)=Y(60)

�
e(� � g)(1997� 1960)

a� (97)=a� (60)
: (20)

Finally, “Frac. Expl.” reportsthat fractionof theactualincreasein H=Y

explainedby themodel,equalto (\ H=YF actor” � 1)=(2:67 � 1), where

13:6=5:1 = 2:67is theactualfactorincreasein theU.S.databetween1960

and1997.

The resultsin Table1 suggestthat it is quite plausiblethat the “march

of science”accountsfor a substantialamountof the increasein health

expendituresasashareof GDP. Withoutmoreaccurateestimatesof � and

therateatwhich treatmentpricesdecline,it is dif�cult to bepreciseabout

the exact explanatorypower of the model. Nevertheless,acrossa wide

rangeof parametervaluesthefraction is substantial.Themainexception

seemsto beif, simultaneously, � is smallandtreatmentpricesdeclinevery

rapidly.

5. SIMULA TING THE MODEL, PART II

Theresultsfrom theprevioussectionsuggestthatadvancesin medical

technologiescanaccountfor a substantialfraction of the increasein the

aggregatehealthexpenditureshare. In this section,we pick speci�c pa-

rametervaluesfor � and� andsimulatethemodelover timeto examineits

predictionsalongotherdimensions.In particular, we choose� = 0:0473

and� = 0:2877. Thechoiceof � meansthatthemodelwill matchexactly

the increasein theU.S.healthexpenditureshare.Thechoiceof � means

thatonequarterof healthexpendituresgofor peoplein thelastyearof life.

11 Weassumethatthe� (t) � �� constraintis notbindingsothat` � = 0.



24 CHARLESI. JONES

For completeness,theimplied valueof 
 giventhesechoicesis � 0:0094,

sothatquality-adjustedtreatmentpricesdeclineatarateof about1 percent

peryear. Asshouldbeclearfromthepreviousdiscussion,thereisnoreason

to think theseparametervaluesareexactlycorrect,andoneshouldnotread

toomuchinto theexactquantitativepredictionsthey imply.

A coupleof otherparametersneedto becalibratedin orderto simulate

the full model. The parameter� capturesin a reduced-formfashionthe

individual's budgetconstraintlimit on healthexpenditures.We assume,

arbitrarily, that � = 1=2 so that individualscanspendno morethanone

half of per capitaincomeon health. Many of the resultsbelow do not

involve this parameterat all. Theexceptionis in determiningthe level of

transferpayments,wherethesensitivity isdirectandobvious: for any given

aggregatelevel of spending,ahighervalueof � will reducetheamountof

transfersrequiredto supportthatlevel of spending.

Finally, theparametervaluefor h0=y0 hasbeenchosensothat thesim-

ulationresultsmatchexactlyU.S.aggregatehealthexpendituresasashare

of GDPin 1960.This leadsto avalueof h0=y0 = :9771.

Figure4 shows theaggregatehealthexpenditureshareandthe transfer

rate � over time for a simulatedeconomy. Statisticson H=Y, life ex-

pectancy, andothervariablesarereportedin Table2.

Severalresultsfrom thesimulationdeservemention.First,theaggregate

healthexpendituresharegrowsrapidlyuntil � (t) = �� , hereset(arbitrarily)

to 10 percent. As long as` � = 0, that is aslong asall technologiesare

utilized, theexponentiallyrisingcostof thefrontier technologycausesthe

aggregatehealthshareto increase.Mathematically, this result is already

familiar from equation(14): the healthexpenditureshareof decedents

grows at rate � � g while life expectancy grows only linearly. Second,

thereexist parametervaluessuchthat thesimulationmatchesexactly the

level of H=Y in 1960and1997,andtherateof increasein between.
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TABLE 2.
SimulationResults

Fraction
Year H =Y � �a a� ` � Subsidized h(` � )=y

�� = :10

1900 0.011 0.000 54.8 54.8 0.000 0.000 0.168
1920 0.018 0.000 58.7 58.7 0.000 0.000 0.302
1940 0.030 0.000 62.7 62.7 0.000 0.005 0.544
1960 0.051 0.008 66.6 66.6 0.000 0.035 0.977
1970 0.066 0.017 68.6 68.6 0.000 0.050 1.310
1980 0.087 0.032 70.5 70.5 0.000 0.064 1.756
1990 0.113 0.054 72.5 72.5 0.000 0.077 2.355
1997 0.136 0.074 73.9 73.9 0.000 0.086 2.891
2000 0.147 0.085 74.5 74.5 0.000 0.090 3.157
2010 0.163 0.100 76.5 75.9 0.598 0.094 3.564
2050 0.161 0.100 84.4 79.8 4.551 0.087 3.693
2100 0.158 0.100 94.2 84.7 9.499 0.079 3.854

�� = :05

1900 0.011 0.000 54.8 54.8 0.000 0.000 0.168
1920 0.018 0.000 58.7 58.7 0.000 0.000 0.302
1940 0.030 0.000 62.7 62.7 0.000 0.005 0.544
1960 0.051 0.008 66.6 66.6 0.000 0.035 0.977
1970 0.066 0.017 68.6 68.6 0.000 0.050 1.310
1980 0.087 0.032 70.5 70.5 0.000 0.064 1.756
1990 0.108 0.050 72.5 72.4 0.149 0.075 2.256
1997 0.108 0.050 73.9 73.1 0.843 0.074 2.269
2000 0.108 0.050 74.5 73.4 1.141 0.073 2.274
2010 0.107 0.050 76.5 74.3 2.133 0.072 2.292
2050 0.105 0.050 84.4 78.3 6.104 0.066 2.363
2100 0.102 0.050 94.2 83.1 11.073 0.061 2.450

Note: Simulationresultswith thefollowingparameters:� = 5:0685, � = :0473, � = 1=2,
g = :018, y0 = 1, h0=y0 = :9771. “FractionSubsidized”denotesthe fractionof the
populationreceiving ahealthexpendituresubsidy, ( �̀ � ` � )=a� .
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FIGURE4. SimulationResultsfor �� = :10
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Note: The two circles in the �gure indicatedatapoints for the United States:
anexpenditureshareof 5.1percentin 1960and13.6percentin 1997,whenlife
expectancy was66.6and73.9years,respectively. Seenotesto Table2.

Third, �� re�ects the maximumlevel of resourcesthat this economyis

willing to transferfrom healthy peopleto sickpeople.In practice,�� is the

outcomeof a very complicatedpolitical economyproblem,and it could

changeovertimeasthepolitical calculuschanges.However, following our

basicapproachin thismodel,wetreatthispoliticaloutcomeparametrically.

Whatoneseesfrom thesimulationis thatoncethis political constraintis

binding, the dynamicsof H=Y changedrastically. Beforethe constraint

binds,theaggregatehealthexpendituresharegrowsrapidlyassocietytrans-

fersanincreasingfractionof resourcesfrom thehealthy to thesick. Once

this sourceof additionalfundingis exhausted— which in this simulation

happensin theyear2004— the rise in H=Y comesto a halt andin fact
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theaggregatehealthsharebeginsaslow, steadydecline.Thesourceof this

declinewasapparentbackin equation(14): if growth in theexpenditure

shareat theendof life is halted(or at leastslowedconsiderably),thedi-

lution effect takesover. Becauseof technologicalprogress,therisein life

expectancy meansthatthepopulationconsistsof anincreasingfractionof

healthy people.In thesimulationin Figure4, thisdilution effectdominates

afterthe �� constraintis hit. H=Y declines,asymptotingto thevaluegiven

by �� itself, sinceby constructionsocietyis alwaysspendingat leastthis

muchof its incomeonhealth.

But if theindividualsneardeatharealwaysspending� (1 � � )y of their

own resourceson health,why doesthe aggregateshareasymptoteto �� ?

Theansweris suggestedby the“FractionSubsidized”columnin Table2.

In particular, notice that the fraction of the populationbene�tting from

the subsidy�rst risesand then declinesafter the �� constraintbecomes

binding. That is, the full amountof the subsidybecomesincreasingly

concentratedwithin thepopulationaftertheconstraintis met,sothathealth

expenditures�nancedby theresourcesof thesepeopleshrinksto zero. A

political economyimplication of this result is that it may be dif�cult to

sustainapositivevalueof �� in thelong run.

The policy parameter�� obviously plays a key role in the simulation

results. If it weresethigher, the rapid growth of H=Y would continue

longer. And if it weresetlower, H=Y wouldpeaksooner.

Thereisasensein whichthe“multiplier” associatedwith achangein �� is

large. Figure5 examinestheconsequencesof cutting�� in half, from .10to

.05,startingfromthebeginningof thesimulation.In thiscase,theconstraint

that� (t) < �� startsto bind in 1989ratherthanin 2004,andtheaggregate

healthexpendituresharepeaksin thatyearat 10.8percent,or 5.8percent

above �� . Noticethatthis is lessthanthegapwhen�� = :10, which equals

16.3-10=6.3percent:the transferrateis associatedwith a multiplier that
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FIGURE5. SimulationResultsfor �� = :05
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Note: Seenotesto Figure4.

is greaterthanone. The intuition for this resultis that transferpayments

increasethe numberof peopleneardeath,and thesepeoplethemselves

spendsomeof their own resourceson health. As one would expect, a

highervalueof � will increasethismultiplier.

Thesubstantialreductionin healthexpendituresasashareof GDPasso-

ciatedwith the lower transferrateof �� = :05 hasa relatively smalleffect

on life expectancy, ascanbe seenin the lower panelof Table2. In the

year1997,for example,life expectancy in theoriginalsimulationmatched

U.S.life expectancy at73.9years.In thesimulationwith �� = :05, life ex-

pectancy in 1997is justunderoneyearlessat73.1years.About2.8percent

of GDPgoesto paythehealthexpensesof peopleliving theadditional0.8
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years,suggestingaratioof 2.8/0.8=3.5percentof GDPfor eachadditional

yearof life expectancy.

Thisnumbercanbecalculatedanalyticallyin thefollowingway. Adding

oneyearof life expectancy to thepopulationraisestotalhealthexpenditures

by
Z ` �

` � � 1
h(`; t)d` =

1
�

h(` � ; t)(e� � 1):

DividingthisbytotalGDP,oneseesthattheadditionalcostisapproximately

H=Y � (e� � 1). With � = :2877andH=Y = 10:8, weget3.6percentof

GDP.

Alternatively, if we startwith the observed H=Y = :136 in 1997,this

suggestsa cost of :136 � e:2877� 1 = :045, or 4.5 percentof GDP for

eachadditionalyearof life expectancy at the margin in 1997. Is this a

lot or a little? Obviously the answerdependson preferencesand other

complicatedconsiderations.However, wecanshedlight onthisquestionin

two ways.In 1997,percapitaGDPwasabout$28,000,andlife expectancy

was a� (1997) = 73:9 years. Multiplying thesetwo numberstogether

yieldsY(t) = a� (t)y(t) of about2 million dollars,and4.5percentof this

is $93,000. This numberis right in the middle of economists'estimates

of thevalueof oneyearof life, which rangefrom about$50,000to about

$150,000accordingto CutlerandMcClellan(2001).

The rangeof uncertaintysurroundingsucha calculationis large. Still

the calculationis useful in that it suggeststhat spending13.6percentof

GDPon healthcareis not obviously crazy. This resultis consistentwith

related�ndings in the literature. Cutler andMcClellan (2001)estimate

that between1950and1990,the presentdiscountedvalueof the amount

an individual could expect to spendon medicalcareover her entire life

roseby $35,000. During the sameperiod, life expectancy increasedby

aboutseven years,which Cutler andMcClellan claim is worth a present
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valueof $130,000.They concludethatif healthexpendituresexplainmore

thanaboutaquarterof therisein life expectancy, thenthesebene�ts from

increasedhealthspendingexceededthecosts.12

A recentreportby apanelof expertsonthetechnicalmeritsof theMedi-

careTrustees'�nancial projectionsprovidessomestartlingforecastsrelated

to healthexpendituresasashareof GDP.13 For example,themiddle-range

estimate— which assumeshealthexpendituresgrow at a rate1 percent

fasterthan GDP — forecastsan aggregate expenditureshareof 25% in

2050and38%in 2075,andthereportstatesthat“The Paneldoesnotview

this [latter] �gure asimplausible”(p. 39).

The modelshedslight on this forecastin two ways. First, the model

is potentiallyconsistentwith this forecastaslong associetyis willing to

continuallytransfermoreandmoreresourcesto peopleneartheendof life,

i.e. aslongas�� is suf�ciently large. Ontheotherhand,themodelsuggests

areasontobecautiousaboutthesekindof forecasts:thedynamicsof H=Y

look very differentbeforeandafter the �� constraintbecomesbinding. If

societydecidesto capthe transferrate,theseforecastscould be far from

themark.

Second,thecalculationson thevalueof a yearof life implicitly provide

anupperboundon the fractionof GDPthatmight optimally bespenton

medicalcare.For example,in the�rst calculationthevalueof $93,000was

right in the middle of the typical estimatesof the valueof a yearof life,

perhapsindicatingthattheupperboundonH=Y is not too faraway.

12 Otherrelatedcalculationsonthegainsfromtheincreasein life expectancy canbefound
in Murphy andTopel(2003)andNordhaus(2003).

13 SeeTechnicalReview Panelon theMedicareTrusteesReports(2000).
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6. ADDITION AL EVIDENCE

We now turn to otherpiecesof evidencethatcanbeusedto assessthe

successof the model, the �rst of which involves health-relatedtransfer

payments.Theaggregatehealthexpendituresharestartsto declinewhen

theeconomyhits theconstrainton transfers,�� . Interestingly, U.S.federal

andstatehealthexpendituresasa shareof GDPshow a patternnot unlike

that of � (t) in the simulation. In 1960, this sharewas 1.3 percent. It

rosesteadilyover timebeforepeakingin 1995at6.3percentanddeclining

slightly to 6.1 percentin 1998.14 As shown in Figure1, this peakin the

publichealthsharecorrespondscloselyto thepeakin H=Y, aspredictedby

themodel.Changesin U.S.Medicarepolicy andtheincreasedemphasison

managedcareduringthe1990smightbethoughtof asfactorsthataffected

�� .

Onepieceof evidencethat is commonlythoughtto be a problemfor

a model like this is that there is essentiallyno correlationbetweenthe

changesin life expectancy andthechangesin thehealthexpenditureshare

throughouttheOECD.Thelevelsarestronglycorrelated,asshown earlier

in Figure2, but thechangesarenot,asdocumentedin Figure6. Countries

in which life expectancy increasedby a large amountdid not on average

experiencelargeincreasesin healthexpendituresasashareof GDP.

In fact,carefulre�ection suggeststhatthemodelmaybeconsistentwith

this evidence.It is importantto appreciatethatthemodeldoesnot predict

a monotonicrelationshipbetweenchangesin life expectancy andchanges

in H=Y. Recallfrom Figure4 thatH=Y caneitherriseor fall aslife ex-

pectancy increases,dependingonwhetheror not the� (t) � �� constraintis

binding. An economythat is unconstrainedby �� will seeincreasesin the

healthshareassociatedwith technologically-drivengainsin life expectancy

14 Thesenumbersarecomputedfrom NationalCenterfor HealthStatistics(2000),Table
115,page322.
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FIGURE6. Changesin HealthSharevs. Changesin Life Expectancy
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but aneconomythathasreachedits �� would experiencedecreasesin the

healthshareassociatedwith suchgains. Considerthefollowing compari-

son.TheUnitedStatesandtheUnitedKingdomhadsimilarchangesin life

expectancy between1960and1997,which roseby about7 yearsin both

countries.In contrast,the increasesin H=Y werevastlydifferent: H=Y

rosebymorethan8percentagepointsin theUnitedStatesbutonlybyabout

3percentagepointsin theU.K. A possibleexplanationof thismarkeddiffer-

enceis thattheU.S.let technologicalconsiderationsdetermineits transfer

paymentswhile the U.K. limited increasesin � (t). As discussedearlier,

largedifferencesin aggregatehealthexpendituresaretypically associated

with smalldifferencesin life expectancy in themodel. Thesedifferences
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aresmallenoughthatthey couldeasilybeswampedbyotherconsiderations

suchasdemography andincomedistribution.15

7. CONCLUSION

Why havehealthexpendituresasashareof GDPbeenrisingin theUnited

StatesandthroughouttheOECD?Thispaperconsidersanexplanationthat

hasreceivedincreasingattentionin thelastdecadefromhealtheconomists:

healthexpendituresandlife expectancy areendogenousvariablesdrivenby

technologicalprogress.Thecontribution of thepresentpaperis to model

thisexplanationformallyandtoprovideaquantitativeanalysisof themodel.

Advancesin medicinepermitpeopleto spendresourceson healthcarein

order to extendlife. Startingfrom initial conditionsin which very little

is spenton healthcarebecauseof theabsenceof suchopportunities,this

naturallyleadsto an increasein the healthexpenditureshare.Moreover,

advancesin life expectancy permitpeopleto liveto facemoreseriousmed-

ical problems,suchasheartattacksandhip replacements,that in turn are

eventuallycured,but only ataprice.

Combiningthistheoryof theeffectsof technologicalchangewith atrans-

fer programthatallowshealthexpendituresat theendof life to riseto four

timesper capitaincomeproducesa framework that is broadlyconsistent

with thefollowing stylizedfacts:

1. Medicareexpendituresrise sharplyas life expectancy declinesin a

crosssection,at a rateof about10 percentuntil life expectancy falls to 3

15 Moregenerally, differencesin publichealth,nutrition,diet,andeconomicgrowth may
help to explain someof the differencesin life expectancy gains acrosscountries. For
example,both JapanandNorway hadsimilar changesin healthexpenditureshares,but
remarkablydifferentchangesin life expectancy. This couldberelatedto thefactthatover
theperiod1960to 1992,Japanwasoneof theworld's fastestgrowing countries,andto the
nutritionalgainsthatwereassociatedwith thisgrowth.
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yearsandthenat a rateof nearly45 percentin the lastcoupleof yearsof

life.

2. Thefractionof Medicareexpendituresaccountedfor by peoplein the

lastyearof life is about30 percent,andthis numberis surprisinglystable

over time.

3. While asmuchas4 percentof U.S. GDP may go to pay the health

expensesof peoplein thelastyearof life, it isnotatall clearthatthisre�ects

aninef�ciency in thehealthcaresystem.

4. Technologicalprogressreducesthe quality-adjustedcostof treating

speci�c medicalconditions,at a rate that seemsto be aboutoneor two

percentperyear.

5. Life expectancy in theUnitedStatessince1960hasrisenat a rateof

about2 yearseverydecade.

6. Healthexpendituresasashareof GDPhaverisenfrom 5.1percentin

1960to 13.6percentin 1997.At leasthalf, andmostlikely three-quarters

or moreof this changeseemsto bedrivenby the“marchof science”and

medicaladvances.

7. ThistrendispresentthroughouttheOECDcountries,wherethetypical

increasein healthexpendituresis from4percentof GDPtoabout8percent.

8. Health-relatedtransferpaymentsasa shareof GDP have increased

substantially.

9. Acrosscountries,thereis very little correlationbetweenchangesin

life expectancy andchangesin healthexpendituresasashareof GDP.

Simulationsusingthemodelsuggestthatacritical determinantof health

expendituresasa shareof GDP is the willingnessof societyto transfer

resourcesto peoplenearthe end of life. As long as this willingnessis

unconstrained,the healthsharein the model risesrapidly. On the other

hand,oncea capon thesetransfersis reached,the modelpredictsa halt
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to the rising healthshareandeven a slow, gradualdeclineto a long-run

level correspondingto the transferrate. The sourceof this declineis a

“dilution effect” associatedwith rising life expectancy. Therearealways

�v e yearsworth of peoplewith life expectanciesof �v e yearsor less. As

life expectancy rises,thefractionof thepopulationaccountedfor by these

peopledeclines.If theexpenditureshareof thesehigh-costpeopleis kept

fromgrowingtoorapidly, theincreasingfractionof low-costhealthy people

reducestheaggregateexpenditureshare.

Themodelclearlyhasa numberof seriouslimitations. Most obviously,

it treatsin a reduced-formfashiona numberof key parameters,including

� , � , � , � , and �� . A productive avenuefor future researchis to exam-

ine the microfoundationsthat determinetheseparametervalues. Sucha

studywould be forcedto confront the importantbut complicatedeffects

of healthinsurance,therelationbetweenlife expectancy andtechnological

progress,andthepoliticaleconomyof health-relatedtransferpayments,not

to mentionthe interactionsbetweenthesephenomena.As just oneinter-

estingexample,Weisbrod(1991)emphasizestheroleplayedby thenature

of healthinsurancein determiningtherateanddirectionof technological

change.

APPENDIX

Health expendituresin the last year of life

Thisappendixcalculatesthefractionof totalhealthexpendituresthatare

associatedwith peoplein thelastyearof life. Let H (a;b;t) denotehealth

expendituresby peoplewith life expectanciesin therange[a;b]. Then,

H (` � ; ` � + 1; t) =
Z ` � +1

` �
h(`; t)d`

=
1
�

(h(` � ; t) � h(` � + 1; t))
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=
1
�

h(` � ; t)(1 � e� � ): (A.1)

Fromequation(14), this relationcanberewrittenas

H (` � ; ` � + 1; t)
Y (t)

�
H (t)
Y (t)

� (1 � e� � ): (A.2)

Healthexpendituresin thelastyearof life asashareof GDPareproportional

to H=Y at rate1 � e� � � � . This factor, in turn, is thenthe fractionof

total healthexpendituresassociatedwith peoplein thelastyearof life.
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