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THE ECONOMIC EFFECTS OF MALARIA ERADICATION *
By Robin Barlow
The University of Michigan

I this paper a method is presented for measuring the economic cffects
of malaria eradication, in particular the effects of eradication on per capita
income in the long run, The method, which involves specifying a fairly detailed
model of the entire economy, has been applicd to the case of Ceylon, and some
preliminary results are presented on what the course of Ceylonese per capita
income would have been after 1947 if the successful exadication ecampaiwn of
that year had not been undertaken.

These inquiries may be of jntersst to the econowic historian, as pro-
viding an understanding of the far-reaching consequences of eradicarion pro-
grams which have been executed In the past. The inquirics may be relevant also
to the decision-maker in government who must choose between altermative ex-
penditure proposals im the context of a budget constraing . Considerations of

the economle payeff of the alternative projeets may properly influence the

* This peper is a preliminary report.on a study sponsored by rhe Bureau of
Public Heaith Economics, School of Public Health, University of Michigan, and
financed by the National Institutes of Health and the Pan Amoriean Health
Organization. The Ffull report will be published in 1967 by the School of

Public Health, University of Michigan, under the ticle The Economic Effacts of
Malaria Eradieation. For efficient handling of computer operations, the aulhor
wichgg Eo thank Barbara Mooreg of the Research Seminar in Quantitative Lconomics,
University of Michigan.
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At the outset it should be stressed that in drgwing attention to the
economic conscquences of discase eradleption, the aconomist Joes not mean to
belittle rhe neneconomic consequences, Many public health officials seem to feel
that when the economist points to the possible economic losses resulting from
eragdication =« guch ag those Implied by a‘population explosicn ~- he 1s callously
arguing that people ghould be denled the benefits of medern medicine, The fact
ig that an eradication program, like all other government programs, ought to be
judged by the contribution which it makes fowavrd the geveral national goals, In
most countries the growth of per caplta income iz a national goal which is accorded
a fairly high priority, and therefore the cffeet of eradicstion on per caplita
income 13 a relevant consideratlon. It may of coursa be ratlonal to adept an
Eradié&tioﬂ program aven when it is known that per capita income will probably
fall as a result. This nay be go when the propram wmakes large coptributions to
other goals, such as the diminution of suffering.

Malaria and Ite Bradication

Malaria iz a parasitic discase transmitted by certaln species of the
anopheline wosquito, The parasites invade ved bleod cells and cause them to
rupture synchronously, thus producing the attacks of ehills, fever, and sweating
associated with the disease. These attacks cause temporary  disablility and are
sometimes fatal. Those wvictims who survive the febrile attacks are left in a
weakened state because of the massive destruction of their bloed cells, and hence
are more susceptible to death or disability from other diseases. Their debilitation
reduces work efficiency, Eventually the blood cells are replaced and the body
may develop some temporary immunity against & further infection, In many areag of
the world, malaria has Been endemic; in otﬁers it has appearcd spasmedically or in
epldemic form because of guch factors ag extreme instability in the size ef the
mogquito population. The annual number of cases on a worldwide bagis has been |

reckoned in the hundreds of millions.
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After the discov.ry szome seventy years ago of the means wheoreby the
diseasc was transmitted, the methods of controel or eradicatlon have multipiied
rapidly., No universal panacca has been found, and one of the chief tasks in an
eradication campaign is to choose from among the numerous possibilicies that
particulay set of measures which is best suited to the local enviromment, The
measures avallable include the use of mosquito netting, the location of dwellings
at on adequate distance from the mosquitess' breading places, the use of insect
rcpellents, the aduinistration of drups such as quinine which reduce or eliminate
the parasite population iIn the numan body, the installaticn of new drainage systems
or the removal of vegetation to vender the mosquitoes' breeding places unusable
larvieidal techniques such a5 the oiling of ponds and strecms, and (often the most
eficctive of all) residual spraying of house interiors with DDT or ether ingectl-
cides,

Before the Sccond Would War atteapis at controlling malaris were mostly
localized and unambitious, In the years Immadiately fellowing the war several
campalyns were orpanized which made usge of the new Ingecticides and anti-malarial
drugs then becoming availsble and in many cases virtually compicte ergdication
was achleved over extensive avcas., %he possibility therefore emerpged that the
discase could be rendered tolally extinct, and in 1955 the World Hezlth Organmizaticn
formally established worldwlde eradication as oue of Its goals. In the pursuit
of that goal the World ilealth Orpanization and its affiliates have provided sub-
stantlal technical and fingnecial assistance to the natlonal eradication cempaigns.
The proceedings have assumed a note of urpgency as more cases of resistance by
mosquitoes and parasites have Geen disclosed, and the possibility now exlsts that
worldwide eradication will be imdefinitely postpomed unless it 15 accomplished
quickly, before the resistant strains become establighead,

By 1966 the eradicatiom campaigns have proceeded to the point where the

population of territories freed from mslarla exceeds the population of territorics
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wheta malavia still provails. Since o campaign cannot succeed without movney and
seme organizational ressuracs, 1t is ngiurally che poorest aond most backward arveas
eof the world which still suiffor from the discase. These arans include most of
tropical Afxica and ports of Central end South America, the Hlddie East, thé Tndian
sub-continent, and Southoust Asia,

¥alaria evadicacion is 2 helfi-finished zask, In sowe countrics the
disease was virtually cradiccted two decades ago or more, and these cascs wonld pii-
vide sbundant evidence on e ceonemie ind gocial conseguences of eradication,
Other countries ave stiil walavial and are in a posivion to benefit from the ex-
periences of thoe IirsD rroup when thoy coxme to decide upon the timing, seale, and
metheds of their oun eradicaticn promrams.

A Claggificovion of the foongmiec Elffscis of

In the public heolah Iitercture there is 4 COLSLNENS that malaria eradi-
cation 1z economlcaily bemailcial, CGeocasional wisgivings ave expressed sboub £heo
iwplications of a populaticn omplosicn; Dul even when these possible disadvantapes
are admitted, it is Invaricbly szid that they sre far cutweighed by the economic
gains from eradicaricon. Theose sanguine vizws have not besn besod on sound evidence,
There have been several cosual estimates purportving to demonstzate the econcmhe
advantages of eradication.z Soe of fuese estimales have invoived wmeasuring the
additional number of man-days of wourk whieh cradiecarisn has made possible dn o
partieular country through reducing mortality and sicknoss, and then multiplying
this number by an aversge doilly wage, Othey estimates have compared the eosts of
the eradication campaign itseif o the excra hospltalization expenses ubich would
have been incurred 1f malarisz had been allowed to persist. ALl of the estimates
have been incomplete; they have failed to take into account the aultiplicity of

economic effects,
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can bojin by stijulating that
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per capita mational dmceome iz fhe eeconemia varlable whose fale comeerns us.
Eradication could affeet Inmecu2 per capits by chanping elther the nusber of heads

LA

or the level of faceme, The lovel of Income or cutpul could be affected by

'
coanges in (3) the quancicy and quality of labor imputs, (b) the guantity and
qualilty of eaplial or wonhumen Inputs, 2nd (e) the zanner in wuilch these inputs
are combined, Heneo there ave Feur categories of effects to consider. In our
discussion of thoss effenis wo shall not dwell on ¢ha problems of miasurement,
e probiems will be aized in the next gection, where & model is outlined

Y,

which incorporates the eflects discussed boTow.

Effacts oa Population Stzo

Other thizgs being squal, ¢ viza in the rate of population growth will
reduee per capite income. There is evidence ohet melaria ercdication produces

tes and by raising birch votes. The fall in

3
IS
il

thiz regult both by lewering deat!
death vates occurs nol only bzoause of & reductien im Seaths dlrcetly attributable
co malaria but also beeause the population accuires a greater wesistance to other
disasses,

The zisc in birth rates which hes oicen been obgerved to foilew eradi-

cation can probi.ly be explained by the faet that prognant womeén attacked by

walaria are more lizble to suifer wiscarriapges. There is alse the possibilitcy thag

£

the rate of conception i{s lower in mslorial conditions because of the reduced
vitality of both men and women.

Effepts on Laber Inpucs

Other things telnpg equsl, @ rise in the quenticy o quallty of lébor
inputs will cause por capita inceme to rise, Evadication can affect laboer Inputs
by veducing mortality, morbidity, and dcbility.3 Tne reduction in mortality will
briag about an immediate increase in the quantity of Izbor inputs in cases where
the fall in d23&h rates occurs amony thoce of working age, A fall in death rates

amony those In younger age groups will ceuse an expansion of the labor force after

a lag.
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A roduetion in morbidicy, which i defined here oo sickness suflicient

te ecause abgenee from work, zun bring abeul an immediate increase in the quantity
.

of labor inputs. A reducticn in debility, which is defined as affceting the

worker's productivity on fhe job, ean cause an iperease in the quality of those
inputs, A worlker freed of tue dcbilitating affoers of the dlscase can ifmprove
his performance both physicailvy and mentaiiy; he may compleve a given manual task
in o snorter time and zliso undorteke activiries more imaginstive and ambitious
than before,

The economié sayoff Co diseasze ercdieation dependz not only on the
relative Incidencs of the Liszeaoe inm the labpr foree and che rest of the population,
Lr depends also on what seguenis of tha ilchor fevee ere boncefited by eradication,
i the ease of walaria we ave dozling with a disease whoso greatest impaet is upon
the low-income, low-produccivity sagment of the labor foree, fad the payoff to
eradication is therefore lLoss thea would De the cise with a Jisezse which invelved
the sace number of cases bus whiéh Was conoenirated awonz fhe gost produciive seg-

mant, Malaria Is a4 lew-inesue diseros wainly Leeause 1t is avoldable, Persens

with higher incomes and nigaer Levels of education are In a stronzer pesitien to

take advantage o thayg : beiag berter informad, they dre more likely

te avoid exposure, for examslz by siiying away fron mosquilo-infosted places

during darkness; being wealind £idrd prevention or

viing, Twowm the

curative wmeagures, such oz
ccenemie viewpolint, malaria therefore econtragts sharply with such disesses ag
cancer or heart disease, where the opportunities for prophylauis are dlﬂtlﬂct+y
limited and where the incidence tends To be the greatest zmong the most. productive
weabers of the laber fozes.

Tffcets on Coonizal Inoubs

aer things being equal, the higher the rate of eapital formation, the

more rapld will be the growth of per capita income in the future. Wo wust
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therefore examine thue eoflccis ol édiscoace eradication on the divigion of toqql ex-
penditures between copsuzprisn goode and capltal poods in Loth the private and
public sectors,

in fhe priviié s0olor Sho narger popuzdcion whieh regulos Ifrom éradica-
tion Ls likely te lower fhue sace of cavinz (end hence the voty of capitel Zevma-
tien) atvelnable fres o jiven lovel of dispesable ineome. Moveover, wien the

srulation is prowing more rapldly, wiat liamited priveic saving dees oesuy any

hee )

tend to be invested in housing, which 135 a relatively uwnproductive form of capltal
stock. There will be some offsetting effects on the disposition of private in-

coce. After a government profria of erzdimpion, private zupenditures for the pre-
vention or treatment of the élscice bocome unnecesssry. Ihe ~unds thus released

way be devoted inm pazc to siviaz and czpital foupetionm.

In the publiec zector ke ailccation of funds between consucption and

investment L6 governed by »sollvical srlioriries which vary frowm country o coumtiy,

sod it ic less easy to ion. Tor our

43
o

hous the effocts of eradic
purposcs, public fnvestmen: szcuid 5S¢ dedined &z cullaye whalch add to the stock

of "productive” physical cepital (.ike dams, Teads, or govermmeant fzetorles); all

-

guzption, even when they provide Loap-lasting vezl assets {Tike police starilens,

schools, or spovtgstadia). One fairly comcon situation 45 for the highest bud-
getaxy priorities to Le assigmed to varisus troditicnal forms of public comsumption,
with any residual revcaues being wods svailable for new prolizcis of physiesl
iavestment. Other things beinz ccual, the iar

eradication may neccessitate an exponsicn of the traditienal scrvices and thus

oxzzition., In this secting the

L]

leave a smaller residuum Jor pedilo caplital
divect expenses of tha enti-malaris eampaign dtself cause an equivalent reduction
in public invesSment, A&t the szzoe tice 2he Lepsonsd morbidity may permit the

seviracent to redues its exnenilvures for cadieal care and funds would therefore

e porsased for public investmant as defined.
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It should be recognized that wauy of the highepriority consumption ex-
penditurea of governmonl promote the growth of income through Improving the quality
of the labor force even though they do not add to the stock of phynical! capital as defined.
Tt would scem advisable to'pay partleular asttention to the educatienal sector in
@gsessing tha economic effects of welaris eradigation. In most countries of the
malarial zone, education iz a large-scale high-priority government service: the
rapid imeresse which eradication producas ia the population of school age there-
fore mesns that a large quantity of extra funds must be committed to educatlon.
Theae expenditures crzote & more product{ve labor force, but only after a substan-
tial lag. If eradicotion did mot vccur, the funds in question could by assumption
te invested to bring on jumedicte peyveff.

Other Effecta on Quipun

The level of output depends not only on the quantity and quality of human
and nonhuman inputs but also on the monaer in which these Inputs are cembined. It
is possible for eradicatien to inezease cutput by inducing a chsuge in {nput com=
bineticns.  The effeet in question has bzen recogniéed aud indeed exapgerated in
the public heslth literature., It iz szid that walaria ercdication permits the
auploitation of new territories which previously were shunned because of the
threat of discaze, Very often the zross value of the cutput Irom Ehe newly exploited
dizezicts is eited 85 a weasuze of the benefits from eradication. It 13 nok
acinewledzed that the copltal equipment and laboy uaedtin thege districts presumably
had some positiye opparrynity cosf, and Lhat the inecrease I outpun from the pre-
vigualy malzrial distriets Lz obtsined at the priee of reduced output elsewhere.

Favercheless the shenomena in quastion mey involve net gains for the
economy, Taese geins are perhape best apalysed &3 steumming from a gpatial ve-
allocation of rescurccs which 1o induced by & localized deecline inm the disutility
of iabor. Erscicotica lowers the disutility of labor in the previeusly milariasl
Cisuricts) Lolod octordisgily tondy to migrate to thoas districts; the ghift in

LlLor wolges ube margioel producst of capitel in those districte relattvn to 1fs
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wrrginal product elsewhere, and in the long run & migration of capital will
atcempany the migration of labor, If, as secems 1ikely, the marpinal product of
land in the malarial districts before eradication was higher than its morginal
product elsewhere, eradication will have contributed to an expansion of output
by causing labor and capital to be relocated inm the districts whore the marginal
product of land was relatively high,

A Model £oif Measuring the Economie Effeets of Eradicatien

i1f we wish to measure the impact of eradication on per capita Income
while allowing for all the effects discussed in the preceding asection, it iIs clear
that we must make use of a fgirly detailed model of the entire econcmy., TIhe
relatienshipa which appear to be relevant should be specified in the form of
equations., The model should then be.used to provide two simulations of the course
of per capita Income through a peried of n yeafs, the first simulation being based
on the assumption that eradication occurs at the start of the period, and the
second simulation being bagsed or the assumptlon that no eradication campaign ia
undertaken during the peried. The method could be used retrospectively, wmeasuring
the consequences of a completed program, or 1t eould be used te predict the out=
come of a proposed program., <One particularly succesaful application of the method
is to be seen in the measurement by Ceale and Hoover of the economic gains from
birth control in India.4

In specifying a model of the entire economy, this apprach is somewhat
more elaborate than that typieally uszed in "benefit-cost' analyses of health
programs. The typleal apalysis in this field has been of a partial nature, a
legitimate approach when the propras in question causes nothing more than marginal
changes in the strxucture of the econemy. But malarie eradication can cause quite .
marked changes., By using Newwman's results concerning the effects of eradication
on birth and death rates,s it can be estimated that the populatien of Ceylon in

1977, thirty years after eradication, will be 16.0 millions, whereas inm the absenceo
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of eradication the figure would be only 12,6 millions, It is estimated that in
1977, 27 per cent of the pepuiation will be in the labor foree; without eradicatien
the .figure would be 29 per eont. In 1977 the education budget in Ceylen will be
about 700 million rupees; the fipure would be about 500 mililon rupeesz in the
absence of eradication. The methods of partiai analysie, which would egsentiglly
ignore the indireet rapercussions of eradization, would probably yield misleading
results in this situvation.

A wodel has thercfore been designed which allows for the wmajor economic

direct and indirect,
effects/ of malaria eradication. With some¢ medifleations the model would alse be
uvseful for evaluating any public health program which had important effects on
demographic structure and labor supply, such as programs of birth control, pro-
grams causing substantial reducticns in Infant mortality, or the eradication of
widespread debilitating discases like schistosomﬁasis. The model may even be
useful for evaluating noamedical programs such as education,

The model has been desipned with the case of Ceylon in mind, and is
being used to estimate the effect of eradication on Ceylonese per capita incoame
during the thirty-year period following the successful campaipn of 1947, a period
of this duration having been chosen as allowing for the adequate operétion of all
lagged effects. If other investigators wished to apply the method to ather coun-
tries, they might find it desirable to amcnd one or two of the equations which
reflect structunl peculiarities of the Ceyloness economy.

In the first part of the medel, ape-specific birch and death rates have
been used to generate the age-sex composition of the population year by year. No
attempt has been made to allow for relationships between the vital rates and the
various social and economic variables which appear elsewhere in the model: in a
more sephisticated system it would be posaible to incorporate, for example, the
presumably negative rvelationship between bivth rates and the level of educational

attainment among females, or the presumably negative relationship between death
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rates and lagged per capita Ineome. It is assumed that the vital rates are affeated
only by eradication, and to the extent cstimated by Newman, From Noewman's analysis
it appears that eradication had marked effects on fertility ond infant morcality
and therefore lowered the average ape of the population. It can be estimated that
by 1977 50 per cent of the Ceylonese population will be aped under twenty; without
eradication the figure would be 45 per cent. From the population data thus
derived, estimates have been made of the population of "equivalent consumera,”
The index of economiec performance can then take the form of income per equivalent
consumer instead of Income per capita, which is a somewhat less refined measurc.
The main part of the medel is devoted to the determination of income,
defined as real gross national income. The relevant equations are listed in the
Appeondix to this paper., Thare is not the space here to explain the equations
fully, and we must be content with mentioning a few of their salient features, aleng
with a brief indication of some of the reasurenent difficulties encountered in
estimating the equatiens for the case of Ceylon:
1) The preoduction funciion is of the Cobb-Douglas form, & form

chosen because of its velative simplicity and because the terms

appearing in the funciion avre readily measurablie, The function

differs, however, from the simplest Cobb-Douglas formulatien in

two main rvespects: (a) the laboer input i{s disaggregated into two

conponents, skililed and unskilled, skilled workers being defined

a5 those with some secondary education; (b) each af the three

inputs ~- sgkilled labor, wvaskilled labor, and eapital -- is

characterized by a quality irndex. The purpose of disaggregating

the labor input is to allow for the fact that malaria cradication

has a differential impact on components of the labor force which

differ greatly in their productivity. The introduction of the

three quality indexes allows for various other consequences of

eradication.
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2} The indoxes of skilled and unskilled labor quality ave increascd

3}

when malariaqis eradicated, because debilitation is thereby re-
duced. The measurement difficulties here are acute, and an
empirical investigation of the econowmies of debilitetion must surcly
have high priority ameng future research projects in the arca of
medical ecanomics.G In the present study the effect of eradication
o the indexes of labor quality was estimated on the basis of
opinions expressed informally by malariologists. Additional
simulations are being performed on the assumption that the effeets
are much wore powerful than initially supposcd, the aobjective

being to see whether the effects of eradication on income per
equivalent consumer are highly sensitive to the extent of debili-
tation.

The index of the quality of the capital steck depends on the rela-
tive importance of three components of cach year's investment:
imported capital goods (assumed to have a high qualicy or produe-
tivity}, housing construction (lew quality), and other investment
(averags quality). The larger.population occasioned by eradication
cauides a greater proportion of investment to taku the low-quality
form of housing construction, although only afrer a comsiderable
lag. TImports of capltal goods will be subject to a balance-of-
payments constraint. In the case of Ceylon, the foreigon-exchanpe
receipts needed for purchasing imports are assumed te be independent
of eradication. In porticular, cradication is assumed to have no
effect on exports; thedtreage guyitable for the major Cevlonese
@XpOTL €TOops {tea, rubber, and coconuts) lies wostly outside che
previously malarial zene, and cxport productien has not been

limited to an important extent by labor shortages. In this context,
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4)

5)

4)

eradication may generate & lerger volume of ifovesicoat, but that
volume is likely to be ol iuforior quality beecguse it will econtain

o relatively small provertion vi luporcs.

There is a fourch quality indox in the production Iuaction, aa in-
dex of allocative qualiiy. ZIZradieatlon can affcet thae level of {ule
index by inducing a epatial realloecation of reoources, as dlscussed
above, Guesscs are unovoidable in estimatiaz the valucs of thic
variable, tha only relevant information available in the case of
Caylon being that which deceribes the shift ia the labor force
between previously maiarial and previouasly nonmalsrial disericts.
The exponente in the production function ore the elasticiticn of
output with respect to oskilled labor, unskilied labor, and capital
regpectively. I£f, as secns veasonable, the sum of the threec elaz-
ticltles ds comstrained to egual unity, we can conclude on the

basis of the Euler theorew that their valuee ave approximated by

the sharen of the respoctive feoetors in total income. Data on the
capital phare in Ceyion are not available, and in the preseat study,
simulations have been baced o altermative capital=clasticity valucs
of Q.7 and 0.3 {the latter beinz o ﬁormnl valuye for Western cconomict).
Data on the relative shares of skilied labor and unskilled labor are

avallable from the Survevys of Consumor Plnnnces undertaken vy the

Central Bank of Ceylon in 1953 and 1963. The Central Bank Suvvove
are also invaluable ia providing data necded elsewhere in the woded,
guch as data on private medical expenditures and on. the proﬁortiun
of each age-sex proup whe have vecelved aecondﬁry cducation.

The quantity of labor Inputs depends in part on mocbldity rates,

The reductions in these vates folleowlng the Ceylonecze autl-

wmolaria cempaizn can be voughly cotimnted fream data collceted by

Cullumbine in & houzchold suvvey of morbidi:y.7 Culluzbina's data




7)

&)
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suggest that eradication ceused significantly greater declines in
sorbidity among the unskilled than among the skilled.
The value of the capital stock in the inftial year, along with the
value of the constant term in the production function, can be
obtained by simultaneous solution of two versions of the production
function -« one version containing the values for one arbitrarily
selected year and the other coatalning the values for some later
year -- in which these two terms are the only unknowns. The capital
stock grows annually as a result of net Iavestment. Net investment
ia assumed to be solely dependent on the supply of saving, an
assuvmption which 1s justifiable for low-income countries although
not fo; high-incowe countries, Most of the data needed for simu-
lating the growth of saving are to be found in a detailed set of
national accounts, In the case of Ceylon these data are obtainable

from the Central Bank's Annual Reports, the Census Departament's

Statigtical Abstraetg, the United Nations' Yemrbooks of National

Accounts Statistics, and in particvlar from a recent study by

Snndgtass.a

Total saving consists of private saving, government saving (the
excess of tax recelpts over public noninvestment expenditures), and
forelign saving (the current-account deficit in the balance of
payments). Private saving is held to be & function of private
disposable income per squivalent congumer. In the determination

of government saving, it is sssumed that the budgetary priorities
are like those discussed above: the public nonlavestment expendi-
tures -- educational spending, other forms of public consumprion,
and transfer payments <+ are dependent primarily en population size,

and public investment is essentially a residuval, Eradication cauvses
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an expansion of public noninvestment expenditures but does not cavie
a corresponding increase in tax recelpts, at least in the case of
Ceylon., Ou the basis of the administrative realitiles In under-
developed countries, it is assumed that tax receipts are a function
of the gize of the foreign trade sector, Since, according to oﬁr
earlier argument, eradication has done little to incrcase the size
of the foreipgn trade sector in Ceylon, it haz alse done little to
inerease tax recelpts., In Snodgrass' words, "eaught between.....
rising service bills and the relative inelasticity of government
revenues, capltal expenditures suffered "

9) Imports of both capiral goods and noncapital goeods are agsumed to

be a function of (a) demand considerations, aod (b) the size of
foreign-exehange reserves at the beginning of the year in question.
When reserves become seriously depleted, {t is commen for the
government to curtzil imports by impesing tariffs on quotas. It
was thought unlikely that the relationship between imporfa and
prior reserves would be limear, To provide a more plausible
relationship, the sgquare root of the reserves was therefore used

in the import equatlons.

Model Dynamics

It will be elear from the preceding discussion that eradication has
numeérous positive aund pegative effocts on ingome per equivalent ¢onsuter. These
effects do not occur all at once but in a staggered fashion, and the model there-
fore tnvolves several lags. Some of the more important of these lags are listed
in Table 1. On the positive side it iz shewn that there are some strong effects
oceutring in the first year after ecvadication. The lags In the negative effects
can ke best scen by following the c¢arteer of tlhie first achore of "eradication

babies" -- that is, those babiez who would not be alive one year after the eradi-

cation campaign if the campalgn had not occurred. One should add that the second
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cohort is appreciably larger than the flrst: not only do infant mortality rates

continue to fall in the second year after cradicatfon (at ieast accordiag to

Newman's results), but in the second year birth rates begin to rise.

Table 1

SELECTED LACGE IN THE EFFECTS OF HALARIA ERADICATION
i WATIGNAL INCOME PER EQUIVALEWT CONSUMER

1
i
i
i

'No. of
Y RALS
after
eradi-
cation

POSITIVE EFCFLCTS

NEGATIVE EFFECTS

0

Resourecos arg deveted to
cradication campalon

Quantity and quality of labor inputs
are increased dus to reduced mor-
tality, morbidity, and debility; pri-
vate expenditurcs on omedical carze

are reduced; spatial reallocation of
resources beglins

Population grows due to re-
duced wortality

)
{
i

E
!
i
i
f
]
i
i
}

|
|
E
|

Population grows due to in-
creased fertility

rart of first cohort of "eradi

cation bables'
school

enters primary

I
i
f
!
M
{
i
{
i

First c¢ohort become "equiva-
lent congumers"

Part of first cohort enters un-
skilled component of labor force

Part of first cohort anters
secondery school.

Females in £irst cchort enter
child-bearing age-bracke:

Part of first cohort enters
skilled component of labor force

Part of first cohort enters
instituticons of higher educa-
tion

First echort enters housing
market

Females in first echort enter
aze~-bracket whare fertility
st maxioum

L
|
|
/
i
!
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Tha Model Annlicd to Covien

The model deseribed in the procdding secticn and 4n the Appendix has
been used to simulate the course of incose per eoulvalent consumer in Ceylon on the
ssunption that malaria was not eradicated. Some portilal resuits of the simulation
are depicted in Figure 1. At the tige of writing, the simulistion had procecded
from 1947 through 1955, It can be seen that at the cutsct eradication had 4
strong positive lwpact on incewc vey eguivalent consuwer. As fhe year; progrescad
beyond 1947, the gap widened betwsen the with-gradication values and the without-
eracication values of income per cquivalent consumer, until by 1953 the lncome
figure with eradication, at Re., 712, was 10 per ceani higher than the figure with-
out eradication, at Rs. 84€,

Taus in the sghort vun, malaria eradicatlon in Ceylen oroved cconomically
bencficial, The explanation for this Tesult can be found wost readily by Te-
ferring to Table 1. Eradlecation wakes an immediote contribution to cutput by
increasing the quantity and quality of labor inpuis, primorily throuzh zeductions
in worbidity and debility, and ccocendarily throuph reductions in mortality., In
the short run the negative offccis of eradication on income per equivalent conm-
sumer are weak. The dirce: expenses of the cocpalzn itself are inconsidersble.
During these eaxly years, most of those who are alive besause of eradleation are
infants: not untll they are £ive years old will they begin to i{mpose burdens on the
educatrional sector; not uatil they are absut ten years old will they becoma
fully-fledged "equivalent consumers."

But the negative aspeets of sradication gacher strength ué time pro~
gresses. Already by 1953 govcrnment saving, & major determinant of Investment
and hence of the future growth of cutput, was substantially swmaller with
eradication than without, even though gress national inecome was 14 per cent

higher in the former case than in the latter. By that date the extra populatien
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Feoure 1
TR HEY EEFECT OF MALARTA ERADICATION oON

NATIONAL IRCOME PER EQUIVALENT CONSGMEL LN CEYLON
With Eradication in 1947 {actual valugs 1947-65)

---= Witheut Eradication (simwlated vilucs 1947-34)
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800
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% In 1953 the official exchange rate was 2! = Rs. 4.76
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resulting from eradicatien had begun to wake demands on the public sector of
such 4 size that government saving amounted te only Rs. &0 aillions: without
vradleation the figure would have been Rs. 170 @illions, Eoth In 1953 and Iin
1954 actual net investment fell short of the level it would uave attained with-
out eradicaticn. As a conscquenca, by 1955 income per equivalent consumer, at
Rs. 802, was a mere 3 per ceat higher than the figure without eradication, at
Ra. 77%. It 1g likely thet future results will show the two curves of Figure

1l ¢rossing beyond 1955.

Further Analysis

Besides extending the two ¢urves of Figure 1 to 1977, future caleu-
lations will show whether the results are highly semsitive to the assumptions
made about the values of certain ¢ritical coefficients which are difficult to
medsure. Additional simulations will be based on the assumptions {a) that the
capital-elasticity of cutput is 0.3 instead of 0.5 as assumed in obtaining the
zesults shown in Figure 1, and (b) that the effect of walsrial debilitation on
labor quality 1s three times as great as initially supposed,

The main econcmic Gisadvantages of eradication are seen to lie in the
rapid inerease In the mopulazien of children resulting from the marked changes
in infant mertality and birth rates., A final set of simulations will therefore
be performed on the assumption thar these disadvantages were avelded in Ceylon
through the adoption in 1947 of a twin program of malaria eradication and birth
control. It seems likely that the twin pregram would have made a dramatic

contribution to the growth of per ecaplita income.
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APPENDIX
EQUATIONS FOR THE DETERMINATION OF INCOME
An asterisk attachad to a variable expresscd
in money units (like gross national income)
indicates that the variable is to be measured
at congstant prices
Definition of real. GNI? = GDP% + NFI@ + TTCE (1)
gross national Income
Definition of real NFI# = NFIt @)
net foreign income t @pt
Definition of terms- Xt
KT e— *
of-trade contribution TTEE pm, t S
Production - es. i eugi B ekg}
function o= - :
un GDEY A(qat)‘ (Lstqs:) lfLthut) _1 (Ktqkt) f‘vt
Skilled labor -
1 = ‘ ~ A4S - -
supply LSt i Pi,tSki,t(l a it Dsi,t)(I ML ey . (5)
i
Unskilled labor ~
suppl = - - - -
rply LUt ¢i Pi,tcl Ski,t)<1 au”,t Dui,t)(l muilg
Definition of .
api e o= W i
capital stock Kt Ké-l " IE_I (7)
Investmant- It = 3P_ + SGt + SFt (&)
gaving identity -
Private saving SFE y PRI FDIt 1.
function SP_ = EC —= 4 sv_{ - —) {(9)
G ef ¥ tBC. C PC__,
Definition of private I’DIt = GDPt + NFIt + TPFATIt +TR_=-D =T =-1MHC {
disposable income : ¢ ¢ ¢
Transfer-payments 1’ = g PC {11)
function toF
Tax function Io= rt(Xt + Mt) (123
Private medical MO = me, GNIC (le
spending function
Definition of money GNI, = GDP_ + NFI_ (14)

gross national income
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Definltion of govern—
ment saving

Definition of govern=
ment conaumption

Educational spending
funetion

"ieligre" spending
function

Definition of
foreign saving

Definition of
imports

Tunction for imports
of capital goods

Function of imporcs
of nencapltal goods

Definition of forelpn
CUXTQUCY Fegerves

SC, = T, + TEFAIG, » GO, = TR

-
5
F
1}

4
n]
1}

t

MK!: = mﬂt(l'.t -+ Dt‘.)”R

4 t-1

Deiinition of capltal stock quality

*
K19y

M oam
MR+ M

t

. s 4§ g
GC o Wrt + Mﬁt pﬂt

- E, o= 2 ‘
a - Skl A SN
w.t‘#l + ] B GH1,

3 ARG = ¥ = DUDANY = TERATS - NP
%, + TPIAFI + TPTMFG: A, = UIACT FehIG, « FFL

£t

W‘%W*%*Wﬁ;

- 3p + IBSW, .qh - Dk, ,qd

il ot

qk, =

Compogition of real
net investment

Definition of real im-
poctas of capltal goods
for nonhousing purposes

Punciion for real im-
ports of capital goods
for houseing purposes

Houaing construction
duneuion

Delindtion of money
zross domestie product

Definitions of w2al
groos domegtic product

% L)
+ IMN t_lqm;:;l N N

Kir

e WA TP -
IE e Iﬁﬂt + IINt + IHSt Dt

W Wom e
IMht @ MK MH:

M = wh IHS*t(i - Sht)

1H8%W m
Tds%®, hat(Pm

GDPt - Ct + I

DIy m O P/ S T e WY ow M
G . Cg; + It Dt + CC‘: Xt %

t

s
(MK

Ey
t=1

(15)
(16)
a -ﬂ (173

(1%)
(20)

(21)

(22)

(28

(26)

(25)

alea 20=54,t Pmales 20=54, t=1} (28)

L) -
+ Dt + GCt o At o

(™

{29)

(30
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private consumption

Definition

net investment

Definition
government

Definition
impores

Definition
imports of
goods
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GO
GDPE m - {31)
t
of real Et
Cf = = (32)
e pct
of real Ir
ir e —— {33)
Okt
of real Gct
consumption GCOY & —— (34)
t PE.
of real Ly
M- = (35)
[
of Teal il
capital b = -y {36)

Terms Whose Values Ave Shonned by Eradication

MC
g
HE
Hd
ot 8
My
ms

private consumpticn axpanditures
education expendivures

elasticity of cutsut with respgect to skilled Iabor
elasticity of cuisut with respect to unskiiled labor

public comsuanticn axpenditurcs

gross domestic preoduet

grvoss natienal fnccme

uet investwment {private and public)

housing conshruccion axpenditures

laperts of capitci geods for nonheusing purpeses

expenditures on ilszally preduced capiral goods for nonhousing purposes
capital stock az ol bezloning of year

nuwber of skilled workers

number of unskilled workers

imports

private expenditures om wedlcal care

propensity Lo spand on private wedleal care

expenditures on mnlaria-sradication campaign

imports of ecapital goods for housing purposcs

imports of capltal gocds

imports of noncapltal goods

morbidity rate aweng sliilied persons inm the itk age-sex group

morbidity rate among unskilled perscns in the ith sge-sex group

population

population of equivalent consumexns

private dispesable income

impiiclt deflator for gross demestic product
index of allocative qualicy

index of quality of capital stock
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)

qu
)4

Ry
86

ski

5P
T

TR
Wy

+

Torms Whoso

inday of gualicy of skilled labor

indox of qualily of unskilled labor

reseyves of Joreign eurrency

foreipn saving

governcent saving

proporilen in the 1rh age-sex group having received secondary education

private saving

tox receipts

transfer payconts from government to individuals

Yelfare" expenditures (public comsumpiion expenditures excluding
those for malaris eradication or education)

Values Are indcnondont of EBradiecation

b

[ ol

jl

mh
wh
mn
KFL
0g

ou
pc
PE

pm
qd

qh

gm

Juction functiion

constant ferm in picod
endanec In the ith ape-sez group

rate of scheol zt
rate of school attendencs among skilled persons in the ith age-sex group
rate of school aticundonee smong unskilled persons In the ith age-~scx group

sum of baloncing ftems in international accounts
depreciation
education expenditures sor si
elasticlity of cutput 2
tatio betweon por punil exsenditus
expenditoeres por stond i
governmeat tracsler piyaonts nor cguivalent consumer

housing construciion cxpenditurus zer sdditicnal male aged 20-54

retio botueen educcilon coxpeaditures pev additional"pupil when student
population increasing 2od expenditures per pupil when student popula-
tion unchangead

ration between "wollare" emnendicures per additlonal equilvalent con-
sumer when population of equivaleat consumers increasing and ¢xpendi-
tures per equivalent consumer when population of equivazlent consumers
unchangod

import conteont of nonsubsistence housing censtruction when imports of
caplital goods unchanged from previous year

propensity to Impori caplital goods

propeasity to impowt nencepital goods

net foreign incoza from abroad

rate of nonﬂﬂv:ici:a::cn as Ilebor imput for reasens other than scheol
attendance and motbigdity, smonp skilled perseons in the ith agee-sex group
rate of nonparticipatlon as ;dbo: input for reasons other than schoel
attendance and morbidity, ameng unskilied persons In the 1lth agre-sex
group

price index for privote ceonsumpiion

price index for publie consumption

price Iindex dor investoent

price index for imports

quality of depreciaticn relative to quality of beginning-of-peried
capital steck

quality of housing construction relative te quality of beginning-of-
period gapital .steck

gquality of imporied capital goods (for nonhousing purposes) relativea
quality of beplaning-of-period capital stock

& pupll
to capltal
es In the ith &spe«sex group and

Py

¥
=
b
e
N
ri
o
5oL ori
e
o
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TPTATG
TEFATT
TETAEG
TTFTAFT
TTC
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X
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quality of loeally produced capital goods (for nonhousing purposcs)
relative to quality of beginning-of-period capital stock ‘
tax rate ‘
gubglstence housing constructilon as a proportion of total housing
construction ‘

marginal propensity to save out of private disposable income per
equivalent consumer ‘

transfer payments from abread to government

transfer payments Irem abroad o individuals

transfer payments to sbroad from govershent

trancfer payments te zbrood Ffrom iundividuals

terms-of-trade contribution to real mational income

error term Iin production function

propensity to spend on 'welfare™

exports
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POOTNGEIES

For a full treatment of these matters, see one of rhe gtandard works oun malariolegy
such as Emilio Faempana, A Textbook of Malaria Eradication (Oxford University Press:
impdon, 1963) ov Paul F, Russell gt al,, Practical Malariolosy, 2ad edition
{Oxford University Presa: London, 1563).

7

“For an sccount which describes many of thege estimates, see C,~E. A. Winslow,
Ihc Cost of Siekness and the Price of Health (W, H, U, Monopreph Series, No. 7:
Geneva, 1951)

pnese distinctions are diascusged in Seltwa J. Mushkin, "Health asz an Investment,
Journal of Political Economv, LXK {(Octobey 1862), pp, 129=57.

4
*Ansley J, Coale and Edgsr M, Hoover, Population Growth and Ecoporic Development
in Iow-Inceme Countries (Princeton University Fress: Princeton, y.J., 1958)

SPeter K. Newman, Malaria Erapdicaticon _and Population Growth, With Speeisl Reference
to Cevlon and Eritish Guiana (Bureau of Public Health Economiecs, University of
Michigan: Ann Arboer, 1965)

aFor several suggestions as to how the effects of debilitation could be memsured,
sce Mushkin, loc, eit,, pp. M4L-42.

4. Cullumbine, "A Survey of Disablimg Tllness in Ceylomn," Bulletin of the World
Foalth Organization, VII (1952}, pp. 40529 and "The Health of a Tropical Feople,”
The Lancet (May-June 1953), pp. 1090 ff., 1144 ££,, 1193 ££,, end 1245 £f,

aDonald R, Snodgrass, Ceylem: An Expert Economy in Tramsition (Irwin: Hemewood,
I11,, 1966)

%p, eit,, p. 19,
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