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FIGURE1. OECDHealthExpendituresmsa Shareof GDP
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1. INTRODUCTION

In 1960, aggreate health expendituresin the United Stateswere 5.1
percenbf GDP;by 1997 thehealthexpendituresharestoodat13.6percent.
Why have healthexpendituresasa shareof GDPrisensodramatically?

Onecornventionalexplanationholdsthat U.S. governmentpolicy is re-
sponsible.Changesn transferprogramssuchasMedicareand Medicaid
have possiblyled to the increasedspendingon health. One problemwith
this explanation,however, is that similar increasesn healthexpenditures
asashareof GDP have beenobsenedthroughouthe OECD,asshovn in
Figuresl and2. It is true,asis oftennoted,thatthe United Statesspends
alargerfractionof itsincomeon healththanothercountriesput therecent
tendeny for this expenditureratio to increaseseemdo be a widespread
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FIGURE2. OECDHealthSharevs. Life Expectang, 1960and1997
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uppercaséetterscorrespondo obsenationsfor 1997. Datafrom OECD (2000),
Tables7 and16. Life Expectang is for malesonly.

phenomenon.The typical changeacrossthe OECD is anincreasen the
healthexpendituresharefrom about4 perceniof GDPto about8 percent.

Anotherpossibleaxplanationis thecostdiseasestoryof Baumol(1967).
Accordingto this explanation,healthcare,like otherservicesuseslabor
intensvely andexhibits relatively low productvity growth. This leadsto
a rising relative price of healthcareand, dependingon preferencesto a
risingshareof expendituresSuper cially, thisagumentppearsomavhat
plausible,asmeasuredabor productvity growth in the healthsectorwas
negative betweenl987 and 1997 andthe medicalcarecomponenbf the
CPI grew fasterthanthe overall CPI (Triplett and Bosworth (2000)). On
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the otherhand,the generalcostdiseasesxplanationfor healthcarerings
hollow in the faceof rapid technologicaladwancessuchasthe discorery
of new drugs,diagnosticequipmentand medicalprocedureghat appear
to be occurringthroughoutthe healthsector Moreover, it is clearthat
measuremenproblemsin this sectorare sesere, and attemptsto correct
thesemeasuremerproblemssupportthe casualobsenation that medical
careis a sectorwith rapid technologicalchange. As just one example,
Cutler, McClellan,NewhouseandRemler(1998)reportthatbetweerl 983
and1994 therealquality-adjustegbrice of heartattacktreatmentsctually
declinedatanannualrateof 1.1 percentt

Newhousg(1992)providesanicesuney of possibleexplanationdor the
rise in healthexpendituresas a shareof GDP In additionto changesn
U.S. policy andthe Baumol cost-diseasstory, Newhouseconsidersand
rejectsexplanationsdriven by demographiacchangesassociatedvith the
agingof thepopulationtheincreasen healthinsuranceincreasedncome
andhealthasaluxury good,andsupplierinduceddemandor medicalcare.
For example,on the demographiexplanation,Newhouseconcludeghat
theagingof theU.S.populationcanaccounfor arisein total expenditures
of merely15 percenbetweeri950and1987,a smallfractionof themore
than v e-fold increasein actualexpenditures. As anotherexample,the
incomeeffectsexplanationis problematicin large partbecausesstimates
of theincomeelasticityof demandfor medicalcarein the United States,
holdinginsuranceconstantareonly about0.2to0 0.4.

After reviewing in detail thesepossibleexplanations,Newhouse nds
thatheis left with alargeresidual:eventakentogethertheseexplanations

! Additionalexampleswill bediscussedbelow in Sectiond. Triplett (forthcoming)shavs
how suchcorrectionsof priceindexescanimpactmeasuregroductiity. As anexercise,
heappliesa priceindex thatshavs zeroin ation in medicalcareto the entirehealthsector
With thischangemultifactorproductvity in healthservicesncreasestarateof 5.6percent
peryearbetweenl987and1997, ratherthandecliningatanannualrateof 2.6 percent.
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accounfor only aminority of theincreasen healthexpendituresgertainly
lessthanhalf andperhapdessthana quarter Instead Newhouseargues
that“l believethebulk of theresidualincreases attributableto technolog-
ical changepr whatmight looselybe calledthe marchof scienceandthe
increasedtapabilitiesof medicine”(p. 11). This explanationhasreceved
growing attentionthroughoutthe last decadefrom healtheconomistsia
smalllist of examplesincludeFuchs(1996),0kunadeandMurthy (2002),
andCutler(2004).

Thispaperconstructasimplemodelto examinetheeffectsof the“march
of science’on healthexpenditures Technologicahdwancesllow diseases
andotherhealthproblemsthat could not be curedat ary pricein the past
to betreatedeffectively today Consideithedevelopmentof MRIs, arthro-
scopicmedical proceduresantibiotics, angioplasty and drugsthat treat
depression.Beforetheseand othertechnologiesvere discorered, health
expenditureshareswere low by default. The gradualdiscovery of new
treatment®vertime directlyincreasesheexpenditureshareby permitting
thedesiredhealthexpendituredo occut

Of courseacountenailing forceis thattechnologicaprogressontinu-
ally reduceghecostof ary giventreatmentasin the heartattackexample
givenabove. MRIs andheartattackireatments— onceadjustedor quality
— aremuchcheapettodaythana decadeago. How thesetwo forms of
technologicaprogresailtimatelyin uence aggregate healthexpenditures
is somethinghis paperwill explore.

Anotherimportantcomponenof the modelis a Medicare-lile transfer
program. As modeled this programfeaturesan endogenousax ratethat
adjustgo ensurdghattheelderlylive aslong asis technologicallyfeasible.
This transfersystemandtechnologicabrogresdurn outto be a powerful
combination. Unchecled, this combinationproducesa rapidly growing
healthsharethat can eventually consumean arbitrarily large fraction of
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GDR A critical parameteof the modelthenturnsout to be the maximum
transfemratethatsocietyis willing to tolerate.

The paperis organizedasfollows. Section2 developsthe basicmodel,
while Section3 addsthetransfemprogram.Sectiord shovsthatthemodel,
for plausibleparametewalues,is consistentith the Newhouseview that
the marchof scienceaccountdor the majority of the increasen the ag-
gregatespendingshare.Section5 providesa fully worked-outsimulation
of the modelfor 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 andRomemeethealtheconomics.”Asin Solow (1956),economic
allocationsandtechnologicabrogressaretakento be exogenoussoasto
simplify theanalysis.As in Romer(1990),technicalchangds atthe heart
of thepaper

2.1. Micr ofoundations

Supposdherearea rangeof healthproblemsthatcanafict a person.
Theseproblemsareindexedby x 2 [0; 1 ) andareorderedsothathealth
problemswith a higherx arescienti cally moredif cult to treat. At ary
pointin time, successfutreatmentdave beendiscoveredonly for health
problemsin therange[0; x(t)].

Let "(x; t) denotelife expectany for someonesuccessfullyreatedfor
conditionx attimet. In modernactuarialtables,life expectang hasa
statisticalmeaning,differentfrom the numberof yearsa typical person
might expectto live, which depend®on future technologicaprogress.To
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avoid makingassumptionsboutthe future, life expectany is calculated
asthe expectedlength of life for a personborntodayandforever facing
themortality ratesthatprevail in thecross-sectionf agesoday With one
changewe will give a similar interpretationto ~. The changeis that”
measuretheexpectedengthof life assumingll technologically-gailable
treatmentsareutilized. In fact,aswe will see,sometechnologiegnaybe
soexpensvethatthey will notbeutilizedandpeoplewill diewho,atsome
cost,couldlive longer We assumehat ™ (x; t) is givenby

(xt) = x(t) x (1)

Life expectanyg is higherfor lesssevere conditions,but falls to zerofor

someonavho contractgshe mostseverehealthproblemthatcanbetreated,

x(t). In theabsencef atreatmenfor arny healthproblem,apersondies.
Onceatreatments discovered,the costof treatingconditionx is

h(x;t) = hoe ¥ ¢ 0O )

where (x) denoteshedateatwhichasuccessfulreatmenfor conditionx
is rst discovered. Thecostof treatinga diseasavhenthetreatments rst
discoveredincreasest rate  with the severity of the disease.However,
aftertheinitial treatmentis discovered,subsequertechnologicaprogress
continuallyreduceghe costof treatingthediseaseatrate . In themodel,
then, technologicalprogressaffects healthexpendituresin two different
ways. Themarchof sciencdeadsto thediscovery of costlytreatmentsor
healthproblemsthatcould previously not be cured,but it alsoreduceghe
costof thosetreatment®vertime.

We model both kinds of technologicalprogressas exogenousand as-
sumethatthe dateatwhichthe rst successfuireatmenfor conditionx is
discoveredis givenby

(x)= (x Xo); ®3)
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wherexg representthefrontierof medicalknowvledgeattimet = 0. Every
yearsthemarchof scienceshiftsthis frontier out by oneunit.

2.2. Someusefulimplications

We now derive thedistribution of healthexpendituresacrospeopleasa
functionof life expectang, andwe thenderive thetime seriesprocesgor
economy-widdife expectang. Thesederivationsare particularly useful
whenit comegime to matchthe modelup with data.

Somestraightforvardalgebrashavs that

h(it)  h(x();t) = hoe' (4)

where
= ()

and
+ = (+ ) (6)

Equation(4) hasthe following interpretation.At a givenlevel of life ex-
pectang, healthexpendituresrise over time at rate = . Asthe
presencef the parameter in this expressionmalkesclear this increase
re ects the factthatpeopleat a givenlevel of life expectang suffer from
moresevere— andthereforemorecostly— medicalproblemsover time.
Thesickestpersorin theeconomyin 2002is muchmorecostlyto treatthan
thesickestpersonin 1950becauséechnologicaprogressassigni cantly
shiftedout thefrontier medicalconditionthatcanbetreated.
Thisequatioralsodescribeshedistributionof healthexpendituregcross
peopleata pointin time. Healthexpendituresarehighestfor peoplenear

2First, noticethatx(t) = xo + t= , sothatx = Xo + t= *. Substitutingthis relation
togethemwith theequationdescribing (x) givesthedesiredresult,wherehg hge *°:
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deathanddeclineexponentiallyacrosspeopleatrate aslife expectang
rises.A personwith alower life expectang hashigherhealthexpenditures
for two reasonsascanbe seenin equation(6). First, the personsuffers
from moreseriousmedicalproblemswhichincreasdhe costof treatment
atrate . Secondtheinitial treatment$or thesemoreseriousnedicalprob-
lemshave beendiscoreredmorerecently meaningthatthe cost-reducing
technologicabprogressassociatedvith hashadlesstime to reducethe
costof treatmeng This approacho thinking abouthealthexpendituresas
dependingon anindividual's life expectang ratherthanageis supported
by therecentwork of SeshamarandGray (2004).

A more straightforvard implication of the modelrelatesto economy-
widelife expectang. Thehighestife expectang in thepopulations given
by “(0;t) = x(t) = xo + t= , wherethelastequalitycomesfrom setting
t = (x(t)) inequation(3). Thiscorrespondaicelyto whatdemographers
calculateaslife expectang atbirth, andit will beusefulto givethisquantity
its own variablename a(t):

alt) “(0:) = xo+ - )

Becausef technologicaprogresseconomy-widdife expectanyg risesby
1 yearevery years. White (2002) shavs that this linear formulation
providesanexcellent t of thedatain high-incomecountriesn thesecond
half of the twentiethcenturywith  approximatelyequalto 5. Seelee
(2003)for morediscussiorof this regularity.

2.3. Remaining setup
Theremainingsetupof the modelinvolvesthe distribution of the popu-

lation, timing considerationsanda descriptionof income. For the sale of

3Theparameter in this equatiorplaystherole of anexchangeate,corvertingbetween
parameterslescribinggrowth overtime ( and ) andaparametethatdescribes growth
rateacrossagey ).
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simplicity, we assumehat the populationis uniformly distributedacross
life expectany ateachpointin time,with > 2 [ (t);a(t)].* Theendoge-
nousvariable™ (t) will be equalto zeroif all availabletechnologiesare

utilized. It will be greaterthanzeroto the extentthat sometechnologies
are not used. For example,supposehat™ = 2 at sometime. In this

case peopledie whenthey, if all treatmentsvereused,couldlive for two

additionalyears. This might be an outcomeif thoseadditionaltreatments
areextraordinarilyexpensve. We will de ne

a(t) at) - (b 8)

Thiscanbethoughtof asactuallife expectang atbirthin thepopulationat
timet, and,sincethepopulationis uniformly distributedacross, it denotes
thesize(measuredf thepopulationattimet. Notethattheassumptionhat
thepopulatiorremainauniformly distributedacross while life expectang
is growving meanghatthereis populationgrowth.

The timing of the modelworks asfollows. Time is discrete. At the
beginningof aperiod,peopleundertale their healthexpendituresandthen
live for that period. Peoplewhoselife expectanciesn periodt arein the
range[ (t);" (t) + 1) dieattheendof thatperiod.

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

Y (t)=a (t) is per capitaincome. We assumey(t) = yoed so that per
capitaincomegrows exogenoushat the constantateg. At this point, we
do notneedto make arny assumptiongaboutthe distribution of thisincome
acrosgeople.

“From 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 considerationsHowever, both of theseelementsarein
thebackgroundandit is worth pausingto commentn their roles.

First, one could imagineincorporatingan explicit utility functioninto
the analysiswhich determineghe amountthat getsspenton healthcare,
subjectto the constraintsof the technology The assumptiorhereis that
thetechnologyconstraintarealwaysbinding: peoplewouldlik e to spend
moreon healthcareandto live longerandbetterlives,but thetechnology
doesnotyetexist, sothey areconstrainedo spendwhatis feasibleat ary
pointin time.

Secondglearly a substantiabmountof healthspendingaffectsquality
of life in additionto quantityof life, andin practiceit is very dif cult to
divide spendingnto thesecateyories. The key equationregardingspend-
ing in the modelis equation(4), which saysthat spendingrisesas life
expectang declinesin the cross-sectionandthe entire pro le shifts up
overtime. While the microfoundationglo not explicitly introducequality
of life considerationgynecouldinterpretthis equatiorasalsoincorprating
spendinghataffectquality: h(; t) givestheamountof spendingequired
atagivenlife expectang atagivenpointin time thatallows the persono
live anadditionalyearat a particularquality level.

2.5. Analysis

With this setup,we arereadyto solve for aggrgate healthexpenditure
asashareof GDP Firstnoticethattotal healthexpenditureH (t), is given
by

Z Ay
H (1) h(; t)d': 9
Q)
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Dividing by GDPandrecallingthatY (t) = a (t)y(t) yields

Z N
HE 1 20 (s
YO - a® o ym (10)

Thatis, the aggrejate expenditureshareis the averageof the individual

expenditureshares
Usingequation(4), it is straightforvardto shav that
H{t) _ 1 h(C;t) h(at);t)

YO © a® oy (D
1 h( ) .
a® yon & &) (12)

The rst line of this expressionexploits a simplefactthatthe integral of
an exponentialprocesss proportionalto the differencebetweents value
atthetwo endpoint® Thesecondine takesadwantageof thefactthatthis
differences proportionalto the expenditureshareby the personclosesto
death.

Finally, aslongas a (t) is relatively large,a very goodapproximation
is givenby
H 1 h( ;D).
Y()  a(t) y)
Thereare several thingsto note aboutthis result. First, the aggr@ate

(13)

healthexpenditureshareis proportionalto the largestquantity of health

>Noticethatwe areakusingthelanguagea bit with this statementBecausave've made
no assumptiongiboutthe distribution of income,the correctstatementvould be thatthe
aggrejatesharas aweightedaverageof theindividualexpenditureshareswheretheweights
correspondo incomeshares. Thatis, we could multiply anddivide the term inside the
integralby y(*; t). Ratherthanproceedn thisway, it is corvenientto leave theexpression
ash(; t)=y(t). Wewill speakof this asthe healthexpenditureshareby someonawith life
expectany °, but theincome-weightaveatshouldbe keptin mind.

A moreintuitive way to view this mathematicafactis to considerthe ayéarageof an
exponentialprocesgatherthanthe sum. If x(t) = x0e%", thenx(t) Tl OT x(t)dt is
equalto 1=gT (x(T) x(0)). Rearrangingweseethatg= 1=T (x(T) x(0))=x.
The exponentialgrowth rateis equalto the percentagehangein the processwherethe
changsds takenrelative to, not the startingor endingvalue,but to the exponentialaverage
itself.



HEALTH EXPENDITURESAS A SHAREOF GDP 13

expendituresn the populationdivided by percapitaGDP Let uscall this
term,h(" ;t)=y(t), thehealthexpenditureshareattheendof life, becausé

re ectsthehealthexpenditure®f individualswith theminimallevel of life

expectang. Itisslightlymisleadingo callit anexpenditureshaebecauséd

is percapitaincomein thedenominatoratherthanary individual'sincome.
Still, it is corvenientto have a shortphraseto describehis quantity

Secondthefactorof proportionalitydependiverselyonlife expectang,
a (t). Holding constanthe expenditureshareof peopleneardeath,anin-
creasén economy-widdife expectang reducesheaggreateexpenditure
share. Wewill callthisthedilution effect Recallthattheaggreatespend-
ing shareis the averageof the individual spendingshares.A higherlevel
of life expectanyg, with the highestexpenditureshareheldconstantessen-
tially meansalargermeasuref low-costhealtty peopleoverwhichweare
averaging.At ary pointin time,therearealways v eyearsworthof people
who are v e yearsaway from dying. This s true whethereconomy-wide
life expectanyg is 60yearsor 80yearsputin thelattercasethesev eyears
worth of peopleconstitutea smallerfractionof the population.

Third, becausef thisdilution effect,growth in theaggrejateexpenditure
sharerequiresthe expenditureshareat the endof life to grow fasterthan
life expectanyg. Usingequation(4), we canreplacethis expenditureshare
with the appropriateexponentiattermsto get

H (t 1 h
W(ti Ay C

A necessargonditionfor H=Y to grow isthat > g, i.e. thathealth

(14)

expendituresatagivenlevel of life expectang grow fasterthanpercapita
GDP

Finally, we canusethe approximationin equation(14) to geta rough
senseof thenumbersnvolved. As discussedn theintroduction,between
1960and 1997,the U.S. healthexpendituresharerosefrom 5.1 percent
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to 13.6 percent,that is by a factorof 13.6=5:1 = 2:7. Similarly, life
expectang overthis periodrosefrom 66.6yearsto 73.9year or by afactor
of 73:9=66:6 = 1:11, accordingto the datain Figure2. To matchthese
numbersthe expenditureshareat the endof life mustrise by a factorof
2.7 1:11= 3:0. Assuming s constantandg = :018 thisrequiresa
valueof = :047. Thatis, healthexpendituredy peopleshortly before
they die musthave beenrising at arateof 4.7 percentperyear

By itself, thisresultis notsurprising— it is simplyamatterof accounting.
If H=Y hasbeenrisingandif healthexpendituresredistributedexponen-
tially acrosghe populationthenthe healthexpenditureshareattheendof
life musthave beenrising, andwe have simply calculatedherateatwhich
this risemustoccur

Thecarefulreademaynow bebotheredy somethingif theexpenditure
shareof decedentgrowvswithoutboundwhatpreventsH =Y fromgrowing
beyond 100 percent?The answey of coursemustbethatthe expenditure
shareattheendof life cannogrow withoutbound:atsomepoint,individual
healthexpendituregelative to per capitaincomemustlevel off. Sincewe
have not discussedhe economicforcesgoverningan individual's choice
of healthexpenditure this resulthasbeensuppressedt will be explored
in detailin thenext section.

Still, we can pauseto seethe basicimplication of this bound. Sup-
posethath(® ;t)=y(t) reachesanupperboundandstopsgrowing. From
equation(13), the dilution effect will thendominateandH=Y declines,
eventuallyasymptotingo zero. Recallfrom equation(10) thatthe aggre-
gateexpenditureshareis simply the averageof theindividual expenditure
sharesWith thetop expenditureshareboundedthisaveragds continually
diluted by the fact that a rising life expectang introducesan increasing
numberof low-costhealtly individuals.
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3. PAY-AS-YOU-GO HEALTH CARE FINANCING

To this point, we have suppressedry budgetconstraintconsiderations
in thedeterminatiorof healthexpendituresThis neglectis now remedied.
Theindividual expendituredecisionisimpactedsigni cantly by publicand
private healthinsuranceandby life cycle considerationsRatherthanan-
alyzethis complicatedchoice,we make a numberof specialassumptions
aboutthe economicof individual decision-makingThe goalis to build a
modelthatis simpleto analyzeyet sophisticate@noughto produceinter
estingresults.

At somepoint,individualsapproacltheendof life andfacelargehealth
expensesWeassumehatthesesxpensegre nancedin thefollowing way.
First, individualsnearthe endof life have incomeandwealththatallows
themto spendup to somemultiple, , of disposablgercapitaincomeon
healthcare.For simplicity, thelevel of thisresourceconstrainis assumed
to bethe sameacrosspeople. The parameter is areduced-formway to
capturesereral competingconcerns. On the one hand, individuals may
have accesdo healthinsurancediscussedelow, sothatthey only need
to pay somefraction of their healthexpensesleaving moreresourcegor
consumptionand bequests. This suggestghat might be low. On the
otherhand,individualsknow thatthey will facelarge healthexpensesear
the endof life andmay save for this purpose. This would make high.
Clearly couldbegreaterorlessthanone,andin arichermodelwouldnot
beinvariantto the policy regime: changesn the healthcaresystemwould
change . Modelingthesesophisticate@ffectsis important. However, it is
alsocomplicatedandtheresultsthatoneobtainsarelik ely to be sensitve
to theexactnatureof privateandpublic healthinsuranceandto behaioral
assumptionsWe leave this valuableresearctto future work andinstead
focusonthesimplercasewhere is areduced-fornparametemwith these
caveatskeptin mind.
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In additionto their own resourcesindividualsin this modelhave access
to a basichealthinsurancesystem.We will think of this aspublic health
insurance but thereis no reasonin the modelwhy it could not be run
privately Theinsuranceschemeés nancedbya at incometax(premium)
atrate (t). It paysoutbene ts,v('; t), thatdependon healthstatus.

Becausef rapidtechnologicaprogressthecostof keepingpeoplealive
in thelastyearof life risesmorerapidlythanpercapitaincome( > g). At
somepoint, thesecostsoutstripanindividual's ability to payfor treatments,
sothateventhoughthetechnologyexiststo prolonglife, thecostis greater
thantheindividual canafford. Call the dateat which this occurst , and
noticethatthis datesolvesthefollowing equation

h(;t )= y(b): (15)

Prior to datet , individuals can pay their own healthexpensesandwe
will assumeheinsuranceschemedoesnot operatesothat (t) = 0 for
t < t . Up until this date,aggreate healthexpensesare determinedoy
equation(13)with * (t) = 0. Thatis, peoplelive aslong asis technologi-
cally possible.

After datet , thischangesThetechnologicatostsof keepingindividu-
alsalive aslong aspossiblemay exceedtheir resourcesin theabsencef
atransferschemesuchpeoplewould die immediately

Transfersy('; t) arepaidto thesepeoplein exactly the quantityneeded
to keepthemalive until the budgetis exhausted Thatis

v =h(Git) @ O)yM; 20 ;ML (16)

where’ (t) denoteshelife expectang of the maginal personrequiringa
transfer givenimplicitly by

hC(®);= @  ®)y): (17)
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Finally, we assumehatthetransferprogramoperatesvith abalancedud-
get:
Z )
(Ha (y(t) = o h(;t)  h(C(t);t)d: (18)

We male the following additionalassumptiongboutthe insurancen-
stitution. After datet , transferpaymentsareusedto keeppeoplealive as
long asis technologicallyfeasible. Thatis, equation(18) canbe thought
of asdeterminingtheinsurancgremium (t) sothat™ (t) = 0. We also
assumehatthis premium/taxateis cappedat < 1. In generaltherewill
beathird datet atwhichtime this boundon the tax rateis binding. In
this regime, equation(18) canbe thoughtof asdetermining (t) sothat
thebudgetconstraints satis edwith (t) = . Thatis, life expectang is
rationedby the willingnessof societyto paythe large healthexpenseof
thoseneardeath.

We pauseat this pointto highlightthekey endogenousariablesandthe
key equationghatdeterminghem. Thesevariablesareh("; t); a(t); a (t),
T(Y); T ();H (=Y (1), and (t). The equationghatdeterminetheseen-
dogenousvaluesare (4), (7), (8), (17), (18), (13), andthe conditionsde-
scribedabore thatset (t) = Owhent t,” (t) = Ofort t ,and

(t) = whent >t . Noticethatt is determinedby equation(15)
andt is determinedasthedateatwhich (t )= and (t )= Oin
equation(18).

4. SIMULATING THE MODEL, PART I
The suney by Newhouse(1992)suggestedhatthe “march of science”
was responsiblefor at least50 to 75 percentof the rise in U.S. health
expenditures.Now thatwe have a modelin which technologicaprogress
canleadtoarisinghealthsharethequestioriswhetheror notthemagnitude
of theincreasas quantitatiely signi cant for plausibleparameterizations.
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Valuesfor someparametersre relatively easyto infer from various
stylizedfacts. For the underlyinggrowth rateof percapitaincome,g, we
take a value of 1.8 percent,correspondingoughly to the growth rate of
GDP percapitain the United Statesn the postwar period. The parameter

measurethenumberof yearsit takestechnologicaprogresgo raiselife
expectang by ayeatr In the United Statesmalelife expectang increased
from 66.6yearsin 1960to 73.9yearsin 1997,suggesting valueof of
(1997 1960K(73:9 66:6) = 5:07, consistenwith the estimatedor
adwancedcountriessincel1955in White (2002).

Picking a valuefor givesus the opportunityto examinetwo differ-
entpiecesof data. Recallthat captureghe rateat which healthexpen-
dituresdeclinewith life expectang in a cross-sectiorof the population.
Miller (2001)reportsaverageannualMedicareexpenditureger enrollee
for 129,166randomly-chosepeoplewhodiedin 19890r 1990,usingdata
from Lubitz, BeebeandBaker (1995). Datafrom the ContinuousMedicare
History Samplerackstheir Medicareexpenditureackto 1974,allowing
Miller to look at Medicareexpenditures/ersusyearsbeforedeath! These
numbersare plottedin Figure 3. While the modelassumeshis relation
to belog-linear the datasuggesthatit is not. Rather alog-linearspline
seemdo t the databetter Medicareexpendituresise at a rate of 9.4
percentperyearfor people3 to 10 yearsaway from death. This ratethen
acceleratesharplyto 45percenperyearin thelasttwo yearsheforedeath.

’Sincethe datacorrespondo Medicareexpendituresover time for peoplewho diedin a
singleyear onemightworry thatFigure3 reveals + ratherthanjust . Footnote3 in
Miller (2001)documentshattheexpendituresreplacedn 1990dollarsby multiplying by
afactorcorrespondingp percapitaMedicareaxpendituresn thetwo years.Thisessentially
undoesthe effect. In termsof the model,it introducesan extra term correspondindo
the proportionby which life expectang changedetweerthe two years but this factoris
extremelysmallrelativeto the effects,sol have choserto reporttheoriginal Miller data
ratherthanmakingthe correction.
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FIGURES3. AverageAnnualMedicareExpendituregperEnrollee
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Circlesrepresentverageexpendituredor all enrolleesover age65, taken from
Miller (2001),Tablel.

This suggesta valueof in themodelthatis someaverageof 0.094and
0.458

Fortunately canalsobe calculatedusinga secondpieceof data. It is
straightforvardto shav (seethe Appendix)thatthefractionof total health
expendituresccountedor by peoplean thelastyearof life isapproximately
equaltol e . Intuitively, this occursbecausehe distribution of
health expendituresacrosspeopleis exponentialwith parameter , and
this entiredistribution shiftsin the sameway over time. Lubitz andRiley
(1993)documenthatthe shareof Medicarepaymentsn behalfof people

8The model could be augmentedo capturethis non-exponentialpatternby addinga
term y (t) to the basicspendingrelationin equation(4). This termincorporatesealth
expenditureshatarelargely independentf life expectanyg, suchashealtty pregnany and
childbirth expensesyaccinationsathleticinjuries, etc.
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in the last year of life is relatively stable, uctuating between27.2 and
30.6 percentover the period 1976 to 1988. This is usefulin two ways.
First, Lubitz andRiley emphasizehattheir resultis somevhatsurprising:
mary peoplehad suspectedhat the large rise in Medicareexpenditures
wasdisproportionatelyassociateavith peoplein thelastyearof life. They
shaw thatthisis notthe case andthe modelalsopredictsthatthis fraction
shouldbe stable. Secondwe canusethesenumbersto help calibrate .
Presumablyhefractionof totalhealthexpenditure®ccuringin thelastyear
of life is smallerthanthe fraction for Medicare? Basedon this fraction
andon the Miller evidencediscussedbore, we choose = 0:2877so0
thatl e = 0:25asabenchmarkvalue,i.e. onequarterof total health
expendituresareassumedo go for peoplein thelastyearof life.

The nal parameter— andin fact really the crucial parameteiof the
model—is . Aswasapparenin thecalculationsattheendof Section2,
with asufciently largevalueof themodelwill havenotroubleexplaining
thenearly3-foldincreaseén theU.S.healthshare. Tomalkeamoreinformed
judgmentasto how muchoftheincreasén H=Y themodelcanexplain,one
wouldideallylik e to obtainthevalueof the parameter withoutreference
to themagnitudeof theincreasan the aggrgatehealthexpenditureshare.
Thisis whatwe do now.

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

1]
~

+ ) (19)

Recallthat measuresherateatwhich healthexpenditureshangen the
crosssectionwith a changein life expectang. Health expendituresare
higherfor a personwith lower life expectanyg for two reasons First, the

®Thisis not entirely clear hawever, sincemary nursinghomeexpensesrenot covered
by Medicare.
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healthproblemspossessely this personaremoreserere,raisingcostsat
rate . Secondbasictreatmentgor thesemoreserereproblemshave been
discorered more recently meaningthat the cost-reducingechnological
progresoccuringatrate hashadlesstimeto operate.

If we knew thevalueof , equation(19) could be usedto backout an
impliedvalueof . Fortunatelyestimatesf arenow availablefromrecent
work in healtheconomics.This parametecorrespondempiricallyto the
annualrateatwhichthequality-adjusteaostof treatingaspeci ¢ medical
conditiondeclinesover time. As discussedn the introduction,Cutler et
al. (1998) nd thattherealquality-adjustegpricefor treatingheartattacks
declinesat a rate of 1.1 percentper yearbetweenl983and1994. Other
authorgreportsimilar ndings. For example,Shapiro,ShapircandWilcox
(1999)examinethe treatmenfprice for cataractbetweenl969and1994.
While aCPI-like priceindex increasedtanannuakateof 9.2 percenbpver
thisperiod theiralternatve priceindex, only partiallyincorporatingquality
improvementsgrew only 4.1 percentperyeatr falling relative to the total
CPlatarateof aboutl.5 percentperyeat Berndt,Bir, Busch,Frankand
Normand(2000)estimatehatthepriceof treatingincidentsof acutephase
major depressiordeclinedin nominaltermsby betweenl.7 percentand
2.1percenperyearbetweerlt991and1996,correspondingo arealrateof
declineof morethan3 percenithoughover arelatively shorttime period).

Table1 solvesthemodelfor key resultsusingthis evidenceandarange
of valuesfor topindown . More speci cally, we considevaluesof

of 0.20,0.25,0.30,and0.35,andtreatmentprice declinesof 1 percent,
1.5 percentand?2 percent® Table1l thenreportsthreestatisticsfor each

10 An importantconsideratiorn pickingtherangefor thetreatmenpricedecliness that
thereis alsoabiasin thetotal CPlindex. The papersonsideredbove attemptto measure
the biasin the treatmentprice index, but to the extentthat the total CPI in ation rateis
biasedupwards,therealpricedeclinesmplied by thosestudiesnaybeoverstated Thisis
why we limit theupperendof therangeto two percent.
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TABLE 1.
ExplainingtheRisein H=Y
Valuesof —M8 —
0.20 0.25 0.30 0.35
1. Treatmenpricedecline: = = 001
0.0295 0.0393 0.0492 0.0591
H=Y Factor 1.38 1.98 2.86 412
Frac. Expl. 0.23 0.59 1.11 1.87
2. Treatmenpricedecline: = = 0015
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. Treatmenpricedecline: = = 002
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 increasesgcalculateddirectly from
equation(20). “Frac. Expl.” denoteshefractionof theactualincreasen H=Y explained
by themodelandis equalto (\ H=Y Factor” 1)=(2:67 1), where2:67 is theactual
factorincreasen theU.S. databetweernl960and1997.
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pair of parameteralues. The rst is simply theimplied valuefor . The
secondH =Y Factor is the factorby which H=Y increasesn the model
betweerl960and1997giventhis valuefor . Usingequation(14),H=Y
Factoris givenby!!
H(97)=Y (97) el 91997 1960)
H (60)=Y (60) a (97)=a (60)
Finally, “Frac. Expl.” reportsthatfraction of the actualincreasen H=Y

(20)

explainedby the model,equalto \ H=Y Factor” 1)=(2:67 1), where
13:6=5:1 = 2:67istheactualfactorincreasen theU.S.databetweerl 960
and1997.

Theresultsin Table 1 suggesthatit is quite plausiblethatthe “march
of science”accountsfor a substantialamountof the increasein health
expendituresasa shareof GDP. Without moreaccurateestimate®f and
therateat which treatmenpricesdecline,it is dif cult to bepreciseabout
the exact explanatorypower of the model. Neverthelessacrossa wide
rangeof parametewaluesthe fractionis substantial. The main exception
seemgo beif, simultaneously is smallandtreatmenpricesdeclinevery
rapidly.

5. SIMULATING THE MODEL, PART II

The resultsfrom the previous sectionsuggesthat advancesn medical
technologiesanaccountfor a substantiafraction of the increasen the
aggrgate healthexpenditureshare. In this section,we pick speci ¢ pa-
rametewvaluesfor and andsimulatethemodelovertimeto examineits
predictionsalongotherdimensions.In particular we choose = 0:0473
and = 0:2877. Thechoiceof meanghatthemodelwill matchexactly
theincreasdn the U.S. healthexpenditureshare. The choiceof means
thatonequarterof healthexpendituregjofor peoplein thelastyearof life.

1\We assumehatthe (t) constrainis notbindingsothat™ = 0.
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For completenesgheimplied valueof giventhesechoicesis 0:0094
sothatquality-adjustedreatmenpricesdeclineatarateof aboutl percent
peryear Asshouldbeclearfromthepreviousdiscussionthereis noreason
to think theseparametevaluesareexactly correct,andoneshouldnotread
too muchinto the exactquantitatve predictionsthey imply.

A coupleof otherparametersieedto be calibratedin orderto simulate
the full model. The parameter capturesn a reduced-fornfashionthe
individual's budgetconstraintlimit on healthexpenditures. We assume,
arbitrarily, that = 1=2 sothatindividualscanspendno morethanone
half of per capitaincomeon health. Many of the resultsbelov do not
involve this parameteat all. The exceptionis in determiningthe level of
transfepaymentswherethesensitvity is directandobvious: for any given
aggreatelevel of spendingahighervalueof  will reducetheamountof
transfergequiredto supportthatlevel of spending.

Finally, the parametewaluefor hg=yy hasbeenchosersothatthe sim-
ulationresultsmatchexactly U.S.aggr@atehealthexpendituresasa share
of GDPin 1960. Thisleadsto avalueof hg=yp = :9771

Figure4 shows the aggr@ate healthexpenditureshareandthe transfer
rate over time for a simulatedeconomy Statisticson H=Y, life ex-
pectang, andothervariablesarereportedn Table2.

Severalresultsfrom thesimulationdesere mention. First,theaggreate
healthexpendituresharegrowsrapidlyuntil (t) = , hereset(arbitrarily)
to 10 percent. Aslongas™ = 0, thatis aslong asall technologiesare
utilized, theexponentiallyrising costof thefrontier technologycauseshe
aggra@ate healthshareto increase.Mathematically this resultis already
familiar from equation(14): the health expenditureshareof decedents
grows at rate g while life expectang grows only linearly. Second,
thereexist parametewaluessuchthat the simulationmatchesexactly the
level of H=Y in 1960and1997,andtherateof increasan 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 4551 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 yo = 1, ho=yp = :9771 “Fraction Subsidized’denoteghe fraction of the
populationreceving a healthexpendituresubsidy (" ~ )=a .
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FIGURE4. SimulationResultsfor = :10
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Note: Thetwo circlesin the gure indicatedatapointsfor the United States:
anexpenditureshareof 5.1 percentin 1960and13.6percentin 1997, whenlife
expectang was66.6and73.9years respectrely. Seenotesto Table2.

Third, re ects the maximumlevel of resourceghat this economyis
willing to transferfrom healtly peopleto sick people.In practice, isthe
outcomeof a very complicatedpolitical economyproblem,andit could
changeovertimeasthepolitical calculuschangesHowever, following our
basicapproactin thismodel ,wetreatthis political outcomeparametrically
What oneseedrom the simulationis thatoncethis political constraintis
binding, the dynamicsof H=Y changedrastically Beforethe constraint
binds theaggreatehealthexpendituresharegrowvsrapidlyassocietytrans-
fersanincreasingraction of resource$rom the healtly to the sick. Once
this sourceof additionalfundingis exhausted— whichin this simulation
happensn theyear2004— therisein H=Y comesto a haltandin fact
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theaggreatehealthsharebeginsaslow, steadydecline. Thesourceof this
declinewasapparenbackin equation(14): if growth in the expenditure
shareat the endof life is halted(or at leastsloved considerably)the di-
lution effecttakesover. Becausef technologicaprogresstherisein life
expectang meanghatthe populationconsistsf anincreasingraction of
healtty people.In thesimulationin Figure4, thisdilution effectdominates
afterthe constraints hit. H=Y declinesasymptotingo thevaluegiven
by itself, sinceby constructionsocietyis always spendingat leastthis
muchof its incomeon health.

Butif theindividualsneardeatharealwaysspending (1 )y of their
own resource®n health,why doesthe aggrejate shareasymptoteto ?
Theanswers suggestedby the “Fraction Subsidizedcolumnin Table2.
In particular notice that the fraction of the populationbene tting from
the subsidy rst risesandthen declinesafter the constraintbecomes
binding. Thatis, the full amountof the subsidybecomesncreasingly
concentratedvithin thepopulationaftertheconstrainis met,sothathealth
expendituresnanced by the resource®f thesepeopleshrinksto zero. A
political economyimplication of this resultis that it may be dif cult to
sustaina positive valueof in thelongrun.

The policy parameter olviously plays a key role in the simulation
results. If it were sethigher the rapid gronvth of H=Y would continue
longer And if it weresetlower, H=Y would peaksooner

Thereis asensen whichthe“multiplier” associatewith achangen is
large. Figure5 examinegheconsequencesf cutting in half, from.10to
.05,startingfromthebeginningof thesimulation.In thiscasetheconstraint
that (t) < startsto bindin 1989ratherthanin 2004,andthe aggrejate
healthexpendituresharepeaksin thatyearat 10.8 percentor 5.8 percent
abore . Noticethatthisis lessthanthegapwhen = :10, whichequals
16.3-10=6.3percent:the transferrateis associateavith a multiplier that
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FIGURES. SimulationResultsfor = :05
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is greaterthanone. The intuition for this resultis thattransferpayments
increasethe numberof peopleneardeath,and thesepeoplethemseles
spendsomeof their own resourcen health. As onewould expect, a
highervalueof will increasehis multiplier.

Thesubstantiateductionin healthexpendituresasa shareof GDPasso-
ciatedwith the lower transferrateof = :05hasarelatively smalleffect
on life expectang, ascanbe seenin the lower panelof Table2. In the
year1997,for example life expectang in theoriginal simulationmatched
U.S.life expectang at 73.9years.In thesimulationwith = :05, life ex-
pectang in 1997isjustunderoneyearlessat73.1years.About2.8percent
of GDP goesto paythe healthexpense®f peopleliving the additional0.8
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yearssuggestingratio of 2.8/0.8=3.5ercenif GDPfor eachadditional
yearof life expectany.

Thisnumbercanbecalculatedanalyticallyin thefollowing way. Adding
oneyearof life expectanyg tothepopulatiorraisegotalhealthexpenditures

by
Z.

hC:td = Th( e 1)
1

Dividingthisbytotal GDR, oneseeghattheadditionalcostisapproximately
H=Y (e 1). With = :2877andH=Y = 10:8, weget3.6percenbof
GDP

Alternatively, if we startwith the obseredH=Y = :136in 1997,this
suggestsa costof :136 €877 1 = :045 or 4.5 percentof GDP for
eachadditionalyear of life expectang at the mamgin in 1997. Is this a
lot or a little? Obviously the answerdependson preferencesand other
complicatecconsiderationsHowever, we canshedight onthisquestiorin
twoways.In 1997 percapitaGDPwasabout$28,000 andlife expectang
wasa (1997) = 739 years. Multiplying thesetwo numberstogether
yieldsY (t) = a (t)y(t) of about2 million dollars,and4.5 percentof this
is $93,000. This numberis right in the middle of economists'estimates
of the valueof oneyearof life, which rangefrom about$50,000to about
$150,000accordingto CutlerandMcClellan(2001).

The rangeof uncertaintysurroundingsucha calculationis large. Still
the calculationis usefulin thatit suggestghat spendingl3.6 percentof
GDP on healthcareis not obviously crazy This resultis consistentwvith
related ndings in the literature. Cutler and McClellan (2001) estimate
thatbetween1950and 1990, the presentdiscountedvalue of the amount
an individual could expectto spendon medicalcareover her entire life
roseby $35,000. During the sameperiod, life expectang increasedy
aboutseven years,which Cutlerand McClellan claim is worth a present
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valueof $130,000.They concludehatif healthexpendituresxplainmore
thanabouta quarterof therisein life expectang, thenthesebene tsfrom
increasedealthspendingexceededhe costs!?

A recentreportby apanelof expertsonthetechnicaimeritsof the Medi-
careTrustees’'nancial projectiongprovidessomestartlingforecastselated
to healthexpendituresasa shareof GDP2 For example themiddle-range
estimate— which assumesealthexpendituresgrow at a rate 1 percent
fasterthan GDP — forecastsan aggrejate expenditureshareof 25% in
2050and38%in 2075,andthereportstateghat“The Paneldoesnotview
this[latter] gure asimplausible”(p. 39).

The model shedslight on this forecastin two ways. First, the model
is potentially consistenwith this forecastaslong associetyis willing to
continuallytransfermoreandmoreresource$o peopleneartheendof life,
i.e. aslongas issufciently large. Ontheotherhand themodelsuggests
areasorto becautiousaboutthesekind of forecaststhedynamicsof H=Y
look very differentbeforeandafterthe constraintbecomesinding. If
societydecidesto capthe transferrate, theseforecastsould be far from
themark.

Secondthecalculationsonthevalueof ayearof life implicitly provide
anupperboundon the fraction of GDP that might optimally be spenton
medicalcare.For example,in the rst calculationthevalueof $93,000vas
right in the middle of the typical estimatesf the value of a yearof life,
perhapsndicatingthatthe upperboundon H=Y is nottoo far away.

12 Otherrelateccalculation®nthegainsfrom theincreasén life expectang canbefound
in Murphy andTopel(2003)andNordhaug2003).
13SeeTechnicalReview Panelonthe MedicareTrusteesReports(2000).
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6. ADDITION AL EVIDENCE

We now turn to otherpiecesof evidencethat canbe usedto assesshe
succesof the model, the rst of which involves health-relatedransfer
payments.The aggr@ate healthexpendituresharestartsto declinewhen
the economyhits the constrainton transfers, . Interestingly U.S.federal
andstatehealthexpendituresasa shareof GDP shav a patternnot unlike
that of (t) in the simulation. In 1960, this sharewas 1.3 percent. It
rosesteadilyovertime beforepeakingin 1995at 6.3 percentanddeclining
slightly to 6.1 percentin 19981 As shawn in Figure1, this peakin the
publichealthsharecorrespondsloselytothepeakin H=Y , aspredictecy
themodel. Changen U.S.Medicarepolicy andtheincrease@mphasisn
managedareduringthe 1990smight bethoughtof asfactorsthataffected

One pieceof evidencethatis commonlythoughtto be a problemfor
a modellike this is that thereis essentiallyno correlationbetweenthe
changesn life expectang andthe changesdn the healthexpenditureshare
throughouthe OECD.Thelevelsarestronglycorrelatedasshavn earlier
in Figure2, but thechangesrenot,asdocumentedn Figure6. Countries
in which life expectang increasedy a large amountdid not on average
experiencdargeincrease$n healthexpendituresasa shareof GDP.

In fact,carefulre ection suggestshatthe modelmaybeconsistentvith
this evidence.lt is importantto appreciatehatthe modeldoesnot predict
amonotonicrelationshipbetweerchangesn life expectang andchanges
in H=Y . Recallfrom Figure4 thatH=Y caneitherriseor fall aslife ex-
pectang increasesjependingpnwhetheror notthe (t) constrainis
binding. An economythatis unconstrainedby will seeincreasesn the
healthshareassociatewith technologically-dsiengainsin life expectang

14 Thesenumbersarecomputedrom NationalCenterfor HealthStatistic(2000), Table
115,page322.
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FIGUREG6. Changesn HealthSharevs. Changesn Life Expectang
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but an economythathasreachedts would experiencedecreases the
healthshareassociatedavith suchgains. Considerthe following compari-
son. TheUnitedStatesandthe UnitedKingdomhadsimilarchangesn life
expectang betweenl960and1997,which roseby about7 yearsin both
countries.In contrasttheincreasesn H=Y werevastly different: H=Y
roseby morethan8 percentagpointsin theUnitedStatesut only by about
3 percentagpointsin theU.K. A possibleexplanatiorof thismarkeddiffer-
enceis thattheU.S. let technologicatonsiderationsleterminets transfer
paymentswhile the U.K. limited increasesn (t). As discussedarliet
large differencesn aggrejatehealthexpendituresaretypically associated
with small differencesdn life expectang in the model. Thesedifferences
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aresmallenoughthatthey couldeasilybeswampedoy otherconsiderations
suchasdemograpi andincomedistribution *®

7. CONCLUSION

Why have healthexpendituressashareof GDPbeerrisingin theUnited
Statesandthroughouthe OECD?This paperconsideranexplanationthat
hasrecevedincreasingttentionin thelastdecaddrom healtheconomists:
healthexpendituresandlife expectang areendogenousariabledrivenby
technologicabrogress.The contrikution of the presenipaperis to model
thisexplanatiorformally andto provideaquantitatveanalysisof themodel.
Advancesn medicinepermit peopleto spendresource®n healthcarein
orderto extendlife. Startingfrom initial conditionsin which very little
is spenton healthcarebecausef the absencef suchopportunitiesthis
naturallyleadsto anincreasen the healthexpenditureshare. Moreover,
adwancesn life expectang permitpeopleto liveto facemoreseriouaned-
ical problems suchasheartattacksandhip replacementghatin turn are
eventuallycured,but only ataprice.

Combiningthistheoryof theeffectsof technologicathangewith atrans-
fer programthatallows healthexpendituresatthe endof life to riseto four
timesper capitaincomeproducesa framework thatis broadly consistent
with thefollowing stylizedfacts:

1. Medicareexpendituregrise sharplyaslife expectang declinesin a
crosssection,at a rate of about10 percentuntil life expectang fallsto 3

15More generally differencesn public health,nutrition, diet, andeconomiayrownth may
help to explain someof the differencesin life expectang gains acrosscountries. For
example,both Japanand Norway had similar changesn healthexpenditureshares put
remarkablydifferentchangesn life expectang. This couldberelatedto thefactthatover
theperiod1960to 1992,Japarwasoneof theworld's fastesgrowing countriesandto the
nutritional gainsthatwereassociateavith this growth.
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yearsandthenat a rate of nearly45 percentin the lastcoupleof yearsof
life.

2. Thefractionof Medicareexpendituresaccountedor by peoplein the
lastyearof life is about30 percentandthis numberis surprisinglystable
overtime.

3. While asmuchas4 percentof U.S. GDP may go to pay the health
expensesf peopldan thelastyearof life, it isnotatall clearthatthisre ects
aninefciency in the healthcaresystem.

4. Technologicalprogresseducegshe quality-adjustedcostof treating
speci ¢ medicalconditions,at a rate that seemso be aboutone or two
percentperyear

5. Life expectanyg in the United Statessince1960hasrisenat a rateof
about2 yearsevery decade.

6. Healthexpendituresasa shareof GDP haverisenfrom 5.1 percentn
1960to 13.6percentin 1997. At leasthalf, andmaostlikely three-quarters
or moreof this changeseemdo be driven by the “march of science’and
medicaladwances.

7. Thistrendis presenthroughoutheOECDcountriesyherethetypical
increaseén healthexpendituress from 4 percenbf GDPto about8 percent.

8. Health-relatedransferpaymentsas a shareof GDP have increased
substantially

9. Acrosscountries thereis very little correlationbetweenchangesn

life expectanyg andchangesn healthexpendituresasa shareof GDP.

Simulationsusingthemodelsuggesthata critical determinanof health
expendituresas a shareof GDP is the willingnessof societyto transfer
resourcego peoplenearthe end of life. As long as this willingnessis
unconstrainedthe healthsharein the modelrisesrapidly. On the other
hand,oncea capon thesetransfersis reachedthe model predictsa halt
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to the rising healthshareand even a slow, gradualdeclineto a long-run
level correspondingo the transferrate. The sourceof this declineis a
“dilution effect” associatedvith rising life expectang. Therearealways
v e yearsworth of peoplewith life expectancie®f v e yearsor less. As
life expectang rises,thefractionof the populationaccountedor by these
peopledeclines.If the expenditureshareof thesehigh-costpeopleis kept
from growingtoorapidly, theincreasindractionof low-costhealtty people
reducegheaggrejateexpenditureshare.

The modelclearlyhasa numberof serioudimitations. Most obviously,
it treatsin a reduced-fornfashiona numberof key parametersincluding

., ,» . ,and . A productive avenuefor future researchs to exam-
ine the microfoundationghat determinetheseparametewvalues. Sucha
studywould be forcedto confrontthe importantbut complicatedeffects
of healthinsurancetherelationbetweerife expectang andtechnological
progressandthepolitical economyof health-relatetransfepaymentsnot
to mentionthe interactionsbetweernthesephenomenaAs just oneinter
estingexample Weisbrod(1991)emphasizetherole playedby the nature
of healthinsurancdan determiningthe rateanddirectionof technological
change.

APPENDIX
Health expendituresin the last year of life

Thisappendixcalculategshefractionof total healthexpenditureghatare
associateavith peoplein thelastyearof life. Let H (a; b;t) denotehealth
expendituredy peoplewith life expectanciesn therange[a; b]. Then,

Z N +1
h(; t)d"

HC ;o + 1;1)

Yoo iy ne o+ 1)
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- e opa ey (A1)

Fromequation(14), this relationcanberewritten as

HC ;S + Lt H@®)

70 0 @a e ) (A.2)

Healthexpendituresn thelastyearof life asashareof GDPareproportional
toH=Y atratel e . This factot in turn, is thenthe fraction of
total healthexpendituresassociateavith peoplein thelastyearof life.
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