COMMENT: MALARIA
ERADICATION IN THE AMERICAS

David Roodman?

Bleakley (2007) and Bleakley (2010) both find that lasgale campaigns in the 2@entury to
eradicate a parasitic diseashookworm and malariawere followed by income gains for those
native to historically endemic are&oodman (201 7)eanalyzesnd questionBleakley (2007),
arguing that no historical discontinuities coincide witlokworm eradication in the American

South. The present paper applies the same method®gistered, to Bleakley (2010), and

returns more supportive results. Malaria eradication efforts indeed appear to have been followed
by anomalous income gains fortivas of historically malarial areas of Brazil, Colombia,

Mexico, and perhaps the United States {dBL 118, O15; keywords: malaria, public health and
economic development; replicatjon

Two important contributions to the literature on the loagn ecoomic impacts of public health
interventions are Bleakley (200&hd Bleakley (2010)Both find that largescale campaigns

the 20" centuryto eradicate a parasitic diseaseookwormandmalaria respectively-were
followed by income gains for those natieehistorically endemic areashe first is set in the
United States, the secondtire United StatesBrazil, ColombiaandMexico adult earnings rose
for people from morenalarial regions, relative to leesidemiaegions Roodman (2017)
replicates and reanalyzes Bleakley (2007), and ultimately questions its conclusion, arguing
instead that no historical discontinuities clearly coincide with the hookworm eradication

campaign.

The present paper brings the same set of techniques to Blé2Bd€).As areplication,it
returns to primary sources teconstructll the variablesor the U.S. impact assessmerbr
Brazil, ColombiaandMexico, it likewise reconstructs thmitcomevariables but not the
treatmenfproxiesor controls As arearalysis,the paper introducgpre-registeredjnnovations
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improving the outcome measures by incorporatinddteranddenser samples of census
microdatanow available andapplyingformal and graphically informethference to time series
patternsThe @per uncovers some coding errors in the original, but these do not appear to

greatly affect results.

Where these methods tend to challenge Bleakley (2007) they tend to corr@beastey

(2010) As Bleakley (2010) predictsgdalt earningsas a function bbirth yearrose with

anomalous speed historicallymalariaburdenedegionsabout when thérst babies were born

who wouldspend at least part of their childhoods in the qgoatlication regime#And
convergencelecelerateas the last of these babies were bethat is,as the transition from pre

to- posteradication regimeompletedThe finding is perhaps less certain for the United States
than for the three Latin countries studied. It also hlads clearly fohuman caital

accumulationas measured by literacy in adulthood, and years of schooling comle&td
resultsomewhat contradicts Bleakley (2010), which perceives indications of significant impacts

on literacy,if not schooling.

This papespeaksot only to thke impact of public health intervention on economic development
It also offerdessons on how journagschive data and cod€he data availability policy oAEJ:
Policy, which published Bleakley (2010gquiresauthorsop r o v theddata, programs, and
other details of the computations sufficient to permit replicdtfdtioyt Bleakley appears to

have complied with this policy ashasnormallybeenimplementedproviding cta and cod&

t he |j our nd¥étindwo ineditani réspectthepaper s resul ts are i mpos
exactly replicateThefigures which are no less important than tables for inferecexenot be
preciselyreplicated because the public code does not generate. thack ofpublic code for
figuresappears to be the norm for the American Economic Association joutiteds neither

the primary data nor the code that transforms it into analysis data are irelaslegain appears
to be the norm-so one cannot fully reconstruction the chain from prinsayrces to final
conclusiong.In these ways, the archifalls short ofits purpose of makingesearch transparent

and replicable

2 web.archive.org/web/20171101092538/https://www.aeaweb.org/journatsgsddiataavailability-policy.
3 Seeaeaweb.org/aej/app/data/200826 data.zip
4 See also Glandon (2011).
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Sectionl of this paper descrés the Bleakley (2010) research desi@ection2 exploressome
crosscutting themes in #hreplication andeanalysisSection3 reports on the (partial)
reconstructns of the dataes. Sectiord replicatesandreanalyze thetime series results
Section5 concludes.

1 Designs

The Bleakley (201Pspecifications combinep tothree sorts of variables:

1 Crosssectional variables, observed once per geographie-enit., peBrazilianstate or
Colombianmunicipia These include indicators of peeadication malaria mortality or
malaria ecology({ ), as well ascontrok.

1 Variables built from census microdatacluding measures asthooling, literacy, and
income All microdata comefrom thelntegrated Public Use Microdata Ser{f8UMS;
Ruggles et al. 2015; Minnesota Population Center 2017)

1 A puretime series indicator for exposure to the eradication cam§@ignr,Only the
panel regressions, described shoitiglude’O w gxplicitly. In an approach akin to
differencein-differences, these regressions intei@cb with 0 to form the treatment

proxy, while effectively controlling fo© ¢ gnd0 individually.

Of thetwo component®f the treatment proxyQ @ 1 0 , the second ia marker for geography
and therefore potentially for economic history. Wiikternalto thecausal pathways from
malaria eradication to the outcomes of interest, it is not very creghblyenousThe other
component© w,fis more plausibly exogenous in the skterin than the longerm. That is, it is
notan accident of history that these gaigns occurred in the $@entury rather than the $@r
215, More accidental perhaps is that they took place when theyatligér than a few years
earlier or laterRather as in an interrupted time series degfgnresults that can most
compellingy demonstrat causality will derive fronchangesn the time dimension ovex few

years.

All the Bleakley (2010) estimators begin by averaging an outcdomi¢hin census yeabirth

year-birth place cells, with the dimensions indexed§hQthis gives a set of valugd . These

are then demeaned nationally, within each censuslyieidr yeargroup yielding® . The®
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are then modeled in regressions. A disadvantage of this preprocessing is that the impifecision

theinitial demeaningstepis not factored into the standard errors from the main estimation step.

Bleakley (2010) first fits crossectional lonedifference regressions, with theodel
Yo 01 0 T 1

"Qndexes geographic units ands the parameter of interes is a set of control$. is the

meanzero random errod/ is the change in the average valu@xf for areaQfrom the

“beftod et"he *“after” per iswhentheletadcatiorachnpaignsareper i od
taken to have commenced 920 in the United States, 1957 in Brazil, Colombia, and Mexico.

The “before” period ends in 1890 unmiestThee Uni t e
lattercuto f f s are chosen to assure that all chil dr
reached adulthood by the campaign, and so would have experienced no canthaigd

reduction in childhoodnalariaexposure. Individuals born in tlgap between the two periods do

not figure in these regressions.

The longdifference regressions, reported in Bleakley (2010) Tabi@sshow that most
outcomes tested improved faster in places with higkepdication malaria burden. These
relative rise constitute circumstantial evidence that eradication delivered substantial benefits.
However,as Bleakley (2010, p. 13) points otlite regressions do not speak to the historical
distinctiveness of the rises. Perhaps, for example, these trends begarytoo eontinued too

long for themalaria eradication campaigtesnaturally explain therf

The Bleakley (2010) panel regressions look more sharply at timing. To do sdefireythe
exposurevariableO w gsthefractionof childhoodspent in thepog-eradication regimeas a

function of birth year. As a pure time series variallley takes the same value regardless of the

hi storical mal ar i a bur de rhe Rlebklep (B040) exctbldhood h p | ac

is taken tdast21 years This makesO w g piecewisd i ne ar S With @ Zkyehruisec t i on

5These can also be viewed as {period panel regressions in whi€ho i$ a dummy for the second period,

0 'Owis the treatment proxy, and andO w gre effectively controlled for through dummy sets for place and
year of birth.

6 Bleakley (2010, p. 13) suggests that because they apply to data aggregated ovies tonggifference
regressions have the advantage of avoiding-friggpuency serial correlation. However, the Bleakley (2010) panel
regressions also address serial correlation, by clustering standard errors by place of birth.

4
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In the Latin countries, for exampl®,w i$ 0 through 1936, then rises linearly until it reaches 1 in

1957, and thegoes flatagain

The panel regressions fit
@ Oo® Ot o 1 1 1 f @

I remainshe parameter of intere§the] A and arethe indicatedlumny sets, with the

and| obviaing the inclusion ofO & and0 as controls. Theontrolsdé are not true panel
variables, in the sense of being observed in primary sources in multiple times in multiple places.
Rather, all are products of pure cregstional and pure time series variables example, the

Bl eakl ey (2010) egréssidndinclade mteracbonsshétweprageographic

controlvariables andO &.f)

Regressions based (®) can be viewed as testing whetliee step functioi® w 1§ a strong
explanator for théemporalevolution of thespatialassociation betwedmaselinenalaria burden

0 and the outcome. The model will fit well if the association takes a I{potentially negative)
value among cohortsorn well before the campaign, begins to rise steadily among those born
late enough to still be children during the campaign, and then plateaus againpeopiegorn

after the campaign.

However, fitting the model can generate a false positive if sutvecgence begins well before

or extends well after the dates implied by the constructi@ @fiand is in fact caused by other
forces. Regressions in such cases could estimasebeing statistically different from zero, and
create the misleading imgssion thaD w i$ a good explanator for lortgrm trends. In the
language of time series analysis, regressing@mevariable on another could generate spurious

results.

" Equation(2) elides one nonstandard complication in the fitting procedure. However, it is nearly immaterial for the
cohortby-cohort regressions of interest here.@efestimationd is demeaned within each census ybath year

cell. In other words, the interacted dumnijiesare partialled out of the leftide variable, but not the rigktde
ones.Failure to partial these effects out of the rigltte vaiables could cause some of their explanatory power load
misleadingly onto those variables in an OLS regressions, causing ewdtiatile bias. However, in the context of
(3),discussed next, there is no problem. THeréds controlled for separately in eadtindexed birth cohort, which is
equivalent to first partialling the 1 out of all other regressors. Partialling the out of the leftside variable

before estimation has no effect if the estimation itself effectively partials the dummies out of all other variables.

5
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Bleakley (2010}akes several steps to rule guth possibilities. All th&leakley (2010)

regressions include measures of initial conditions in order to control for mean reversion. Some
introduce stateor municipio-specific time trends, linear or quadratic. Thessasuresufficeif

the augmented moddkrgely capture theambeenttime trends. But igeneralwe do not know

the functional form for major extraneous trends. And it is hard to judge howtbseodels

comeonly by viewing tabulated estimates]of

Bleakley(2010) graphicaltime series approaatan give more inght intoambienttrends It

runs a version of2) for each(o-indexed birth cohort
w 01 o 700 ©)

The regressions yield a series of coefficigntswhich measure the cressctional association
betweenv andbaselinemalariaburden Thel can k& graphed for visual inspection of letgrm
trends. And they can be subject to formal inference. Indeed, in studying hookworm eradication,
Bleakley (2007, Table VI) uses time series regressions to perform inference on Vihetigea
determinant of tbf . In contrastBleakley (2010iscusses the evolution of theonly

informally. | resurrect and revise the Bleakley (2007) approach and apply it to malaria
eradication, just as Roodman (20tdes for Bleakley (2007).

This revised time series agachbegins byfitting the modelg2) and(3) directly to census
microdata, as in most of the Bleakle)(&) hookworm study, rather thanrtationally
demeaned;ell-aggregatedutcomesas in Bleakley (2010). This change brinlggeebenefits.
First, moving to microdata sidesteps the debatable choice in Bleakley (2010) tothveigél

aggregates) by the square root of cell simestead of cell siz&Instead, one weights

individuals by the IPUMSrovided sampling weights. Second, the move allows one to
incorporate individualevel demographic controls. As the regressions are carried out here, this
amounts tancluding a dummy for sex in the expanesample regressionsince they add

8 Weighting by the square root of cell size is evidently meant to improve efficiency by reducing heteroskedasticity.
But theory favors weighting simply by cell size. The variances of theaueliage value® are inversely

proportional to cell sizeAssuming that this inverse law carries over todhe andi , the heteroskedasticity is
reversed by weighting by inverse variance, i.e., cell size. In symba@|ss & column vector holding thé , i

holdsthe rightside variables,ahf i s a di agonal matri x whose entries ar

generalized least squares estimatoRis] i 1 fj 1}. The Bleakley (2010) code perform$ 8 ' 4 A ' A.
6
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women(see sectio.1); andlikewisefor race in theexpandedJ.S. regressing which also add
blacks Bleakley (2007) uses bottummies too(Within birth cohortscontrolling for fixed

census round effecedfectively control for age alreadylhird, as done here, fitting to microdata
mergesthe Bleakley (2010) preprocessisigp—national demeaninginto the main estimation

step, to assure that standard errors reflect imprecisiootirsteps

Formally, | rewrite the panel modg) and the cohorspecific crossection mode{3) as
@ O® 071 0O 6 1 1 (4)
w 01 0 0 7T (5)

Here the new indeXientifiesindividual census observatianghe] are dummies for each
census yeabirth year combinatioand effect the Bleakley (2010) preprocessiffte variable

set0 hdds individuaklevel traits.

The regression®) are implementetbr all birth cohorts at oncéa a single full-sample
regression in which time dummiesare interacted with all the rigiside variablesThis
approach facilitateslustering the standard errors by birthplace, across birth cohorts, to mitigate

serial correlation.

To formally test whethe® w Relps predict the , | thenestimate two versions ¢4). The first
versionintroduceghree linear spline ternte generalize theteplike functional form ofO w.n
Thisloosens the restriction th&w i$ flat before and after the transitional raoypperiod and
allows a formal test of whetheglative progress in higmalaria regionsiccelerated ah
decelerated when expecte&ince the Bleakley (2010) text ascrilae&l-year rampup phase to

‘O w,1j give each splineegmen®1 years of coveragd.o be precise, the spline model regression

replacesD® 0 in (4) with the three terms:

O Ohi Emo 6 dan ddXmdicp O hl ETD 6 0dn O@@mHi 0 (6)
whered @ & 1 O dMdsi 1920 for the United States and 1957Boazil, Colombia, and
Mexico;andi E T is the minimum function. The sample is restrictedhtose borrbetween 21

years before the first kink and 21 years after the second, for a rangea3 yeargdata

availability permitting.
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Giving each segment a length of 21 years reflactarbitrary choice, but one intended to be
minimally so.In general, lengthening the outer segments wgivd more weight to longerm
developmentdan a context where th@ausibly exogenougariation is shorterm. For example,
if in the United Stateghe! fell steadily between 13® and 185 and then symmetrically
recovered between B and 190, extending the first spline segmémm 1899back to 188
mightgive it a flat slope in the best fit, obscuring the steadythiaebegns well beforethe first
kink point On the other hand, shortening the outer segments reduces statisticalGivingr.

the outersegmentshe same1-yearsspan as the inner one therefore sesrasonable.

The second version ¢#) used to formally test the explanatory powefQob retainsO®@ 0
as a unitary terrm the regressioandinsteadechaesBleakley (2007, Table VYlin introducing

controk for polynomial trends in time. The terms of interésserted ind in (4), are:
v 0 B (7)

‘Qranges up to becausdleakley (2007, note J5reports testing up tguintic order.Unlike the
linear spline models, the polynomial models are fit to the full time span of available data. This
gives mordnfluenceto longerterm developments, while attempting to compensate with the

flexible controls in(7).

As tools for testinghe explanatory value @ w,rthe two models have advantages and
disadvantaged.he polynomial models carry some risk of generating spurgsudis: the true

trend may not contain a componeni®i yet may correlate with the context of these models.

The birth year polynomialareinserted to combat this riskut the higher onemay

overparamaterize, imposing a tougher test than a neisgl tould be usually expected to pass,
even when it contains & & gomponent. For its part, e step model provides a focused and
intuitive test of whether relative gains in income and human capital broke from ambient trends in
ways haturally explaind by malaria eradication efforts. Yite models somewhat arbitrarily

moored tospecifickink dates—1920 or 1957 for the moments of eradication, and 21 years

earlier. Perhaps a truer model would shift dafebe eradicatiorcampaignswhich did not

actually take place within single ysaOrit might extend the critical period of sensitivity to

°Bl eakl ey (2010, pracin@tde)exposamnith secondtiegree tréntdscacrasscohorts is a more
difficult testtopass i n t he data sets from Latin America, with

8
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malaria into early adulthopd s o t hat even exposhumamcapital one’ s 2
accumulation and incom®r the oppositeVictora et al. (2008) gygest that health in the first

two years of life may matter especially for later outcortfébe kink pointsare wrong, then the

step model may be less able than the polynomial model to detect@dr@emponent, since

the model focuses so sharplywhether kinks at occur aredeterminedmes.

The upshot of these conceptual difficulties is that one should not takenarof theregression

resuls as definitive, and instead exercise judgment in blending all.

2 Themes in the replication and reanalysis

2.1 Pre-analysis plan
| registered gre-analysis plaror this papewmwith the Center for Open Scien&d did not allow

the planto limit the analysisBut| found little cause tdeviatebecause | had nearly completed
the replication and reanalysis of ttlesely relatedBleakley (2007, and this strongly informed

the plan for revisiting Bleakley (2010).
The plansets ouseveral steps, which are listed here with commentary

T ASearching the figures and tabl es eingpr asym
conducted at the individual level and another at the geographic level, and, where
appropriate and practical, testing robustness of the results to copying specification
choices fr om Dw @rgualle) dsymenetries dreeexploitEde U.S.
regressions are for whites only while the Brazil, Colombia, and Mexico include all races
while mostof theBleakley (2007)J.S.regressionslsoinclude blacksl also add blacks
when expanding the census samples. Also, the Bleakley (2010)ifbergnce
regressions apply to more outcomes than do the panel regre3siess include, for
example, literacy and years of schoolinghe Latin countriesThe reanalysis treats all
the outcomes symmetricalty.

1 AFormally testing whether the curve fits in figurare statistically significant, and

whether those results are robust to inclusion controls for linear or highaer trends in

10 Seeosf.io/h98yf
1 The Bleakley (2006) working paper does also includeepeegressions and graphs for these additional outcomes.

9
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time (uptoorder58 The “curve fits?” Oarpahelt.Areforgqralap hi c a
methods for assessing tliiswere discussed just abave
1 “Testing robustness of the above to 1) a switch from data aggregated by census year,
birth year, and birth state to individudé¢vel data; 2) expansion to blacks and women;
and 3) incorporation of controls for race, sex, agngear, and all their interactioris.
The move to microdata was motivated just abélethese choices mimithe majority
of the Bleakley (2007) specificatiorBleakley (2010) argesthat restriction to men
makesf or a cl| eaner a n-bicepariicipatianis higher aridimbre i r | a b «
consistent across t h Bleakleyd2010snotea®) makesfh year s”
similar argument for excluding blacks, but here the paper iquitstasinternally
consistentThe Latin American samples includ#races i f o nlagewaenotause *“ |
measured consistently in the Latin America safhid¢akley 2010note 7. However,
the presenteanalysis is premised on the view that the most plausibly exogenous
identifying variation comes th&pecifictiming of eradication, which argues for
maximizing power to detetémporal developments over shorter spawen if at the
expense of longeterm comparabilityEven if distinctive over the long run, trends for
blacks and women could be expected to kink in the same ways as for white men.
1 fAWhen working with aggregate data, testing robustness to weighting by cell size rather
than the squareoot thereofo Weightingby cell size—the number of primary
observation®ehind each aggregated observation in the analysis datalsatld better
assure efficiency in the face loéteroskedasticity? However this point is largely moot
sincel work mainly with microdata.
1 “Testirg robustness to the incorporation of newer and larger census samples from
IPUMS” T hi s, addscuskedinghe next subsection
1 “Inthe case of the U.S., testing robustness to switching as much as possible to the data
set recently reconstructed fromipary sourcegfor Roodman (2017)jn order to

replicate Bleakley (2007). Thi s. i s done

12 See notes.

10
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2.2 Expanded census samples
The IPUMScensus microdata collectidras expanded steadiyer the yearsn countriesand

census roundsicluded angat least for th&nited Statesn thesizeo r  “ d efrsamplésy ”
digitized Bleakley (2010) largely does not specify the densities of the samples. But they
can be estimated frothe reportedlownload dateandthe history of certain ipums.org pages at

archive.og.!®* Table1, column 1, shows my estimates

| testrobustness by switching to new&argerlPUMS samplesi-or the United Statethe
expansionntroducegdatafor 186Q 187Q and193Q And itraises the densifyom 1percento 5
percentin 1900 and 1960, and to 1pércentor 1916-40. Column 2 ofTablel provides more
detail. As justnoted, in expanding treamples, | add women and, in 5. case blacks The
Latin American IPUMS samples have not become denser since Bleakleyeathess. But
morehavebecome availableand are incorporated here: Brazil 2010; Colombia 28G5
Mexico 1995, 2010, and 2015.

All new regressions reportdgbreincorporate persetevel sampling weights provided by

| PUMS. Most U.S. and Colombia I PUMS sampl es
needed to make them statistically represer@atHHowever, there are exceptions (Ruggles et al.
2015;usa.ipums.org/usa/intro.shtml#weightaAnd more of the Brazil and Mexico samples

require weightindecause of systematic undand oversampling of various subpopulatiotts
Bleakley (2010) does not mention using sampling weidtts.paper appears to use them in
aggregating the outcome variables into birth ptaath yearcensus year cell$o form he® ),
for | obtain the best matches to the public data when also doiktpa@ver, after aggregation,
the Bleakley (2010)egressions are weighted only by the square root of cell size,+whghin,

going by what produces the best matdh basednthe unweighte@bservatiorcounts within

13 Bleakley (2010) reports last obtaining U.S. datan IPUMSon November 14, 200%nd last accessirgyazil,
Colombia, and Mexicdata inApril 2006. See thechange log atisa.ipums.org/usaction/revisionand the
archive.org histories @bums.org/usa/sampdesc.himl

internationalipums.org/internationdample designs/sample desidorshtml, international.ipums.org/international
/sample _designs/sample designs_co.hamd

internationalipums.org/internationdample designs/sample designs_mx.html

M 1PUMS also offers 2005 census records for Mexico, begaHack the birthplace variable BPLMX, which
obstructs their use here.

15 Seeinternational.ipums.org/internationattion/sample_details
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cells. Thus, the Bleakley (2010) regressions dofalby correct for norrepresentative sampling
within the IPUMS data sets

My use of IPUMS weights is not pregistered. However, it is implicitly preregisteredtihat
Roodman (2017) does the same. And one reason it was fregstered is that only by
examining the public Bleakley (2010) datia | determine that the original does not fully
incorporate the weights.

3 Reconstruction of analysis data
From IPUMS micodata,l reconstructll the Bleakley (2010gft-side variablesAs for the

right-sidevariables | import reconstructed versiofar the United Statesom the Roodman
(2017)replication of Bleakley (2007). | do not attempt to reconstruct the-sigletvariables for
the Latin countriesyiewing the timecost as prohibitivé® In the regressions, | useconstructed

variableswhereavailableandtake thenfrom the public Bleakley (2010) data otherwise.

To check for problems in the reconstructed variablesthe originals—I compare the two to the
degree possible. The public Bleakley (2010) adiserve the variables in two formsong
difference crossections contains one observation, in differences, for each geographic unit.
Panel data sets aggregate nfarely, within birth yearbirth placecensus year celldutthey

only cover one outcome variable per country.

Table2 presents means and standard deviationalf@leakley (2010) outcomesas well agheir
crossdata setorrelationsAll statistics incorporate IPUMS sampling weightsieTmatcles are
mostly good especially in the da@rayedfor panel analysiswhich is the framework of

exclusive interest her8y chance, th@anelcorrelations round to 0.931 for the Unites States and

Colombig the correlation i4.000 for Brazil and®.998 forMexico (right side of

18 This paper began as an offshoba longerterm project to review the evidence of the lgagm impact of
deworming. Having fully reconstructed the UfScused Bleakley (2007), and discovered the publicly available
analysis data for Bleakley (2010) the choices made here amountie#ditg pow-hanging fruit. The only additional
variable reconstruction carried was for the outcomes in the Latin countries, which was made practical by the
accessibility of IPUMS International online data system.

12
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Table2). 118 |n the longdifference datdleft side of the tablethe correlations ara bitlower for
the U.S. outcomes, at aroun® @nd 08, andaremuch lower for earned income in Brazil, at
0.15.1° Lacking full access to the original data and code, it is ttakihow what causes the
discrepancies.

In the case of the United Statesppy from Roodman (201Thereconstructedight-side
variables Table3 does for theseariables what

Table2 did for the leftside ones. The first three rows show nearly perfect matches for the
indicator of regional malaria burded | and the two comtls included in all Bleakley (2010)

panel specifications, a stdtevel measure of agricultural wages in 1899 and a dummy for being
in the South. The remaining rows turn to t

control s s p le are tHe focus tiefé Bhe matches aré otose, except for the

education variables. This is unsurprising given the ambiguity in dates given for the changes:
federal government reporAnd possibly the negative correlation for log change in pupils per
teacher owes to Bleakley (2010) inverting this variable, to teachers perupih in itself

would be harmless when taking log changes.

Indeed, he juxtaposition obriginal and reconstctionexposes discrepancies between the
Bleakley (2010) text anthe Bleakley (2010) datsome of which appear to beplementation
errors Since the publicly available data and cedactlyreplicate the published Bleakley (2010)

tablesthe publishedesults reflectll these discrepancieBhe crossstate control variables are

" Total income in the 1960 Brazil data ipogted after censoring into an ordinal variable. Bleakley (2010) appears
to ‘todp” t {aeabbve categofy as 50,001, so | do the same. For lower categories, range midpoints are
used, as documented in the original.

8 The match with Colombia is sobhardwon. After much trial and error, |
the Columbia data sets, which index the geographic unitmthecipiq had been rearranged relative to other
variables, as if the column had been sorted in Excel whiléngather columns untouched. Thus, the variable does
not in fact obey the coding of the IPUMS International field from which it ultimately derives, BPLCO2. After
consulting the primary source for the altitude and temperature varidalesq de la Republic1960, | estimate

that the mapping to IPUMS codes can be recovered from the Bleakley (2010) pubiiifference data using the
following algorithm. Sort it by bplcoll and bplcol2; then numbering the rows starting from 1, except skipping
indexes 284 ah473. | cannot tell whether only bplcol2 was rearrargethich in itself would not affect the

Bleakley (2010) results-or whether other variables were too, which would be an error.

19 For Brazil, total income, as distinct from earned income, is of primagydst in the analysis, partly because more
census rounds collected it.

20 Bleakley (2010) Figure 4 is the sole figure in the original exploring the temporal evolutiorf ofith). Its
specifications all include the full control set.

13

he

cCirc82190Most | i kely the reconstructed vari a

det



Comment: Malaria eradication in the Americas

to have beemultiplied by'O w heforeenteing the regressions; they are multiplied by birth year

instead While the text define® w gssuming childhood lasts 21 yearstha panel daté) w i

fact rises from O to 1 over 18 yeafkikewise for Brazil, Colombia, and Mexicolhe control
“Doctors per Capita, 1998” is actwually reside
teacher salaries among the continl$ Bleakley (2010) Appendix Il and the code refer instead

to the log change in school term length. Th8. panel regressions include birth cohorts back to

1815, which is earlier than the 1825 starting point stated in text.

Table4, below, checks whether these problems drive the Bleakley (2080panel results.
They do not. The table closely follows the format of Table 4, panel A, of Bleakley (210,
presets all the U.S. panel estimatexcept that it doubles the number of columns. The odd
columns copy from the original. The even columns present results obtained from the public
Bleakley (2010) data set afteroperly constructing the interaction terms W@k, finverting
residents per doctor to doctors per residamtidefining childhood as lasting 21 yeaks well,
observations are weight&y cell size rather than the square root ther@®set forth in the pre
analysis planThese fixeglargelynot pre-registeredrause no substantive changéha

Bleakley (2010panelresults.

4 Time series results
Having reconstructedll of the Bleakley (2010) variablexcept for the crossection ones from

Brazil, Colombia, and Mexicd implementthe revisedlesigns defined in sectidnTo start,

Figurel, below,strivesto imitate theBleakley (2010figure4, the sole presentation in the
original of time series resultg&ach data point represents an estinbated or{3) off , which,
recall, isthe crosssectional associaticeamong people born in yeabetween historical malaria
burden and average adult earnings. The guseisonly public Bleakley(2010) datawhich
aggregates from samples of (white) mieike the public Bleakley (2010) code,

Figurel takes childhood to last 18 yeaes in the Bleakley (201@pde However,For the

United Statesthe dependent variable is log occupational income score; for Brazil and Mexico,
log total income; and for Colombithelog of a Bleakleyconstructed variable called the
industrial income scord.he figuredeparts suktantivelyfrom the originalonly in drawing95

percentconfidence intervals fahe point estimatedt departs cosmetically inot superimpasg

14
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a plot ofthe’'O w {tep functionBut vertical lines are drawn to mathke birth cohorts at which

'O w Rinks—theyearsthe eradicatiorcampaigns began, and 18 years before

Figurel matches Bleakley (2010) Figurelut not perfedy. Thisis to be expected when
original data is used, but original code is.r{@he public Bleakley (2010) code only generates
tables not figures) In all four countries, as in the original, rises with time—generally from

negative values toward zero, batGColombia from approximately zero to positive values.
Figure2 updates

Figurel by fitting to the expanded data se¢tthe microdata levehccording tq5). Now, eensus
samplesareaddedor increased in densityVomen are includedror the United Stateblacks are
addedoo. Sex and race dummies entiee control setObservations are weighted usiiRlIJMS
individual weights.In marking the first potential kink pointhiéddhood is taken to last 21 years,
as staed in the Bleakley (2010) textather than the 18 in the Bleakley (2010) code

Except inMexico, the expandedample results appear statistically compatible wittptiegious,
smallersample results. In Mexico, an apparent betorethe predicted takeff year of 1936

now disappears.

Figure2 confronts us with thearamounempirical question in ik reanalysisdid thecross
sectionalkssociation between baselmalariaendemicityand future earnings rise at an
historically anomalous ratemong the cohorts born therun-up to eradicationmarked by the
dashed, vertical grey lineé\ glanceat Figure2 suggests that the answef'yes' in all the

countries savélexico.

To formally testhatinterpretatios, Figure3 andFigure4 fit the linear spline and polynomial
models defined in(6) and(7), to theexpandednicrodata. Theefigures retainthe dotsrom
Figure2 but, for legibility, dropthe confidence interval3helinear splin€fits, in Figure3,
largelysupport the Bleakley (2010) impact madeen in Meico. The hypothesis of no
acceleration at the first kink @mfortablyrejectedn Latin America(p = 0.00,0.00, 007 for
Brazil, Colombia,andMexico, clusteringstandard errors by birth stat&n upward bend in the

United States appears to have begun earlier than predicted in the B(@@ll@yimpact model

15
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making the null of no upward bend at #xpectedime harder to re (p = 0.39).Meanwhile,
thenull of no deceleratiorat campaign onset (second kipdint) is stronglyrejectedfor the
United StatesBrazil, and Mexico(p = 0.3, 0.0Q 0.05 andmoreweaklysofor Colombia p =
0.23).

The polynomial fitsin Figure4, tell asimilar story. The fits for models of order @ 5 are shown

in orange, greerphlue red, purple, and brown, respectivelhile the six correspondingvalues

for the coefficient orO @ 0 arelisted beneathCorresponding estimatesfofin (4) are

gathered inable5. Even with controls up to order 5 in time, the fits to U.S., Brazil, and Mexico
data mostlyassigna statistically strong positivealue tg . The results armore mixed for

Colombia,yet generally the@ valuesonO w0 stay low

Last, Figure5 andFigure6 apply the methods of the previous two figurethimoutcomedor
which Bleakley (2010yeportslong-difference but not paneésults These ar e Duncan
socioeconomic indicatdSEI) for the United Stat earned incomér Brazil, and literacy and

years of schooling faall three Latin countries

Somewhat like the Bleakley (2010) lodgference regressiond)dse newfigures produce a
moremixed bagor these outcome3urningfirst to the linear spline fits ifrigure5, in the

United Stateshetrendo n Dunc an’ s bé&ntaltthefirgt allenwsed kink dutanotat all

atthe secongdreversing the pattern for the closely related socioeconomic ingfexl{ackto the
upperleft of Figure3). In Brazil, while relative progress on earned income (as distinct from total
income) slows when expected, it does not appeactelerate when expected, perhaps owing to
low statistical powefrom small samples in the early yedrs none of the Latin countries does
relative progress on adult literacy or years of schooling slow at the expected time (second kink
point). In all, it bendswith statistical significancat the first kink point-but bendsthe“wrong’

way in Mexico.

The polynomial models for these outcomes produce somewhat more encoveagitsj-igure

6 depicts these anbable5 displays the corresponding impact estimates and standard errors.
Forced tdit to the full U.S. historical record, th@lynomial modelgonfidently endovihe
treatment ternD w R O with explanatory power. Polynomial controls also strengthen the fit for

earned income in Brazikor human capital variablesigns, magnitudes, drstatistical
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significanceof the impact estimates vasuybstantiallywvith the polynomial ordemwhich is easier

to see inTable5. Signs of impact do not appear rabu

Overall, the new time series results mostly strongly support the proposition that reduced
childhood malaria exposure increased adult earnings in Latin America. It may well have done so
too in the United States too, but there the step model fits lasstently point to acceleration
and deceleration with the expected timing (top lefeiguire3 and ofFigure5). Eradication did

not so clearly increase literacy or schooling.

5 Conclusion
Bleakley (2010)dentifies impacts fronvariation inthe product of two factors: the geographic

pattern of baselinmalariaburden and theudden onseif campaigs to relieve that burdeifhe

first factor cannotrediblybe viewed as exogenous since it is a marker for climate and
geography, and thus economic history. The second can be taken as exogenous, but only in the
short termThat malaia eradication campaigns took place between, say, 1900 and 2000, is of a
piece with the economic and scientific development of the Americas. That the individual
campaigns starteid the years they djdather than a few years before or after, is more an
accident of historyThus, given thénformal priors | bring to this study, for it to produce strong
evidence of impact, it must demonsgreértain distinctivechanges in the outcomes of interest in

the time dimension, and thaith a precisiormeasured ityears notdecades.

In my view, only the timeseries analysiperformedherefully confrontsthis challengeThe

Bleakley (2010) longlifference regressions speak to whetiedative gains occurred in

historically malarial areasut nottheir functional brm. TheBleakley (2010panel regressions
getmoreat functional formintroducing birthplacepecific quadratic time controls. Bas
presentedit is hard to judge whethéneseresults come frormodelsthatareflexibly enough
specified tdargelyabsorbambienttrends. Ifthe models are overly parsimonigtiseycan

generate spurious regressio@saphing the time series patterns and performing formal inference
on them provides a clearer view of the temporal variation that is the most credilole sbur

causal identification.

Applyingt hi s methpds to the Bleakley (2007) assessment of the impalcothevorm

eradication effort in the American South leads, in my view to a significant uplkatsuggestion
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of historically anomalous convergenoeincident with that effort disappears (Roodman 2017).

But for malaria, the reanalysis does not trigger much upBdtee a k | ey (Hatcdhbris f i nds
with less childhood exposure to malaria have higher literacy rates, but results are mixed for years
ofschoolingg The new anal ysi s tends Meaaowhiferitorahdiyc e mi x e

113

supporsBl eakl ey’ s main result” that the evidence

income.

Separately,His reanalysipointsup limitationsin thedata &ad code archiving practices of the

American Economic Association journa@3ne purpose of thee archivais to increase

confidence in published results by documenting precisely how they are obGumesht

archivingpractices appear to undercut this msg in two respectsirst, they provide no access

to the primary data, or at least to the code that transfibrenprimary data into the analysis data.
TheAmer i can Ec o mwnmssessniRet oficoenpliGnse with its data availability

policy suggested s much in 2011. “Simply requiring aut
publication may not be sufficient to I mprove
process usually lies in the procedures used to transform raw data into estimation data and t
perform the statistical analysis, Sacorider t han
code is provided for tables only, not figures. Ygufestooc an pl ay a centr al ro
conclusions. Like tables, they distill large amounts of data to inform inference. They ought to be

replicable.

As a result of these two gaps, to the extent that Bleakley (2010) and this reanalysis,disagree
impossible to be sure why they do so. And to the extent they agree when the reanalysis copies
variables from the publicly archived data, one cannot know to what extent the shared conclusions
are driven by bugs in the namnchived transformation codéhese avalable ambiguities mis

serve the researchers and decisionmakers that journal authors and publishers aspire to influence.

2L Al of the code and data for this reanalysis are posted online, with one exception. The IPUMS International
confidentiality rulegprevent the redistribution of the IPUMS extracts for Brazil, Colombia, and Mexico. For that, a
precise description of the extracting query is posted.
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TABLE 1. U.S.IPUMS CENSUS SAMPLES IN ORIGINAL AND EXPANDED DATA SETS

Original (estimatep

Census year percent Expandedpercent)
1860 0 1.2
1870 0 1.2
1880 100 100
1890 0 0
1900 1 5
1910 0.4 100
1920 1 100
1930 0 100
1940 1 100
1950 1 1
1960 1 5
1970 1 1
1980 5 5
1990 5 5
2000 5 5

aExcludes slaves.
SourceAut hor s

.cal cul ati ons
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TABLE 2. SUMMARY STATISTICS OF BLEAKLEY (2010)DEPENDENT VARIABLES

Longdifference crossection Panel data
Original New Correlation Original New Correlation
United States
Log occupational income scor¢  0.324 0.292 0.897 3.286 3.279 0.931
(0.084) (0.082) (0.112) (0.132)
Log5 dzy OF y Q& { 9L 0.560 0.504 0.806
(0.102) (0.074)
Observations 48 48 9604 9605
Brazil
Log total income -0.012  -0.007 0.945 8.625 8.701 1.000
(0.080) (0.087) (2.268) (2.262)
Log earned income -0.012 -0.017 0.152
(0.075) (0.223)
Literacy -0.002 -0.003 0.994
(0.053) (0.052)
Years of schooling 0.032 -0.001 0.949
(0.537) (0.513)
Observations 24 28 2231 2587
Colombia
Industrial income score -0.049 -0.055 0.855 ¢0.112 ¢0.106 0.931
(0.080) (0.098) (0.174)  (0.200)
Literacy -0.020 -0.018 0.973
(0.100)  (0.096)
Years of schooling -0.480 -0.487 0.973
(0.632) (0.617)
Observations 523 525 38070 39513
Mexico
Logearnedincome -0.044 -0.110 0.925 9.659 9.391 0.998
(0.173)  (0.328) (2.914) (2902
Literacy -0.017 -0.021 0.993
(0.072) (0.082)
Years of schooling -0.229 -0.373 0.931
(0.497) (0.529)
Observations 32 32 2965 2965

Variable means displayed with standard deviations in parentheses bé&héatland sixthcolumrs show cross
data set correlations. “Original results compu
reconstructing the data sets. All statistics weighted byleedll sums of the IPUM$rovided individual weights in
the reconstreted data set.

Source: Authors’ calculations.
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TABLE 3. SUMMARY STATISTICS OF U.S.CROSSSTATE VARIABLES

Variable Original New Correlation
Malaria share of mortality, 0.318 0.295 0.994
1889 () (0.326) (0.302)
Agriculturalwage, 1899 16.938 17.415 0.999
($/month) (6.393) (6.396)
South 0.271 0.271 1.000
(0.449) (0.449)
Residents per doctor, 1898 743.333 743.361 1.000
(244.706) (244.719)
Board of health spending, 6.333 6.779 0.976
1898 ($/1,000 residents) (13.253) (13.321)
Infant mortality rate, 1890 (pe 162.797 105.358 0.983
1,000 births) (68.310) (51.474)
Hookworm prevalence among 0.069 0.069 1.000
army recruits, 191719 (0.097) (0.097)
Log change in teacher salarie 1.444 3.216 0.775
circa 190232 (0.175) (0.199)
Log change in school term 0.114 0.169 0.631
length, circa 190232 (0.122) (0.149)
Log change in pupils/teacher, 0.118 -0.043 -0.362
circa 190232 (0.275) (0.172)
Adult literacy rate, 1910 0.907 0.907 1.000
(0.074) (0.074)
Population urban1910 0.340 0.392 0.982
(0.231) (0.225)
Population black, 1910 0.107 0.107 1.000
(0.164) (0.163)
Male unemployment, 1930 0.043 0.079 0.913
(0.018) (0.026)
Observations 48 48

Variable means displayed with standard deviations in parentheses bé&tath.
columnshowscross at a set correlationsOriAgilna
resultscomputed from publiBleakley (2A0)data “ New” resul t's
reconstructing the data set from primary sourBasnple excludes Alaska, Hawaii, an
the District of Columbia.

Source: Authors’ calcul ati ons.
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TABLE 4. REPLICATION OF BLEAKLEY (2010) PANEL ESTIMATES OF TH E EFFECT OF CHILDHOO D EXPOSURE ON LOG OCCUPATIONAL
INCOME SCORE IN THE UNITED STATES

Meanreversion and region controls Additional controls
Degree of polynomial
trend for year of birth 0 1 2 0 1 2
Original New Original New Original New Original New Original New Original New
Baseline 0.131 0.183 0.115 0.196 0.131 0.093 0.130 0.174 0.099 0.199 0.111 0.055
(0.030) (0.038) (0.031) (0.038) (0.025) (0.024) (0.032) (0.036) (0.035) (0.044) (0.020) (0.012)
Post1920 break in 0.082 0.103 0.094 0.139 0.105 0.073 0.076 0.100 0.080 0.140 0.082 0.056
birthplace time trend (0.015) (0.016) (0.020) (0.023) (0.024) (0.017) (0.019) (0.016) (0.023) (0.027) (0.018) (0.013)
Allow for birthplace x 0.103 0.108 0.110 0.138 0.123 0.079 0.086 0.106 0.094 0.138 0.110 0.066
time effects (0.026) (0.016) (0.030) (0.021) (0.023) (0.017) (0.027) (0.017) (0.033) (0.025) (0.021) (0.014)
Drop early census year: 0.106 0.107 0.105 0.084 0.032 0.014 0.098 0.107 0.108 0.068 0.030 0.014
(<1930) (0.021) (0.016) (0.017) (0.018) (0.015) (0.014) (0.022) (0.016) (0.020) (0.015) (0.018) (0.014)
Add region x year x 0.131 0.175 0.116 0.194 0.131 0.090 0.127 0.166 0.098 0.197 0.108 0.050
YOB effects (0.030) (0.038) (0.029) (0.037) (0.024) (0.025) (0.032) (0.036) (0.034) (0.043) (0.019) (0.013)

“Or i gi n géntrated evishBleakle§?010) public data and codé. Ne w”  use samd data and address coding issues described in text.
Standard errors in parentheses, clustered by state.
SourceBleakley (2010), Table 4uat hor s’ calcul ati ons.
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TABLE 5. IMPACT ESTIMATES ON A LL BLEAKLEY (2010)OUTCOMES, CONTROLLING FOR POL YNOMIAL
TIME TREND UP TO ORD ER 5

Country Outcome Coefficientond 'Own
Order of Polynomial Trend 0 1 2 3 4 5
u.S. Log occupational 0.087 0.070 0.064 0.041 0.040 0.015
income score (0.010) (0.012) (0.014) (0.015) (0.014) (0.016)
u.S. Log Duncan's SEI 0.096 0.068 0.056 0.042 0.032 0.031
(0.023) (0.035) (0.033) (0.032) (0.033) (0.027)
Brazil Log total income 0.439 0.477 0.486 0.504 0.433 0.253
(0.071) (0.132) (0.120) (0.082) (0.097) (0.122)
Brazil Log earnedincome 0.276 0.285 0.340 0.323 1.000 0.692
(0.060) (0.134) (0.113) (0.103) (0.180) (0.212)
Brazil Literacy 0.121 0.009 0.048 -0.040 -0.102 0.069
(0.026) (0.037) (0.032) (0.033) (0.0412) (0.046)
Brazil Years of schooling 0.846 0.883 0.870 0.906 0.256 0.906
(0.358) (0.565) (0.596) (0.458) (0.790) (0.729)
Colombia Industrial income score  0.031 0.018 0.039 0.025 0.029 0.170
(0.009) (0.0112) (0.012) (0.021) (0.023) (0.058)
Colombia Literacy 0.020 0.009 0.018 -0.020 -0.006 -0.011
(0.012) (0.010) (0.010) (0.018) (0.019) (0.035)
Colombia Years of schooling 0.368 -0.015 0.180 0.151 0.303 -0.079
(0.156) (0.176) (0.151) (0.382) (0.352) (0.759)
Mexico Log earned income 0.250 0.133 0.199 0.255 0.274 -0.146
(0.051) (0.069) (0.062) (0.136) (0.124) (0.278)
Mexico Literacy 0.015 -0.031 -0.052 0.012 0.019 0.138
(0.030) (0.030) (0.025) (0.021) (0.023) (0.051)
Mexico Years of schooling —0.386 -0.433 -0.511 0.542 0.895 1.266
(0.276) (0.424) (0.351) (0.403) (0.439) (0.605)

Estimates based on expanded dataisgtjdingwomen and, in the U.S. cad#acks as well as whites. Regressions
weighted by IPUMSorovided sampling weights. Standard errors clustered by state of birth in parentheses.

Sour ce:

Aut hor s’

cal cul ati ons.
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FIGURE 1. REPLICATION AND EXTEN SION OF BLEAKLEY (2010) FIGURE 4: ORIGINAL DATA SETS
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FIGURE 2. REPLICATION AND EXTEN SION OF BLEAKLEY (2010) FIGURE 4: EXPANDED DATA SETS
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FIGURE 3. REPLICATION AND EXTEN SION OF BLEAKLEY (2010) FIGURE 4: M ODEL WITH LINEAR
SPLINE GENERALIZATIO N OF STEP FUNCTION
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FIGURE 4. REPLICATION AND EXTEN SION OF BLEAKLEY (2010) FIGURE 4: M ODEL WITH POLYNOMIAL
TIME CONTROLS , FIT TO EXPANDED DAT A SET
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FIGURE 5. REPLICATION AND EXTEN SION OF BLEAKLEY (2010) FIGURE 4: M ODEL WITH LINEAR

SPLINE GENERALIZATIO N OF STEP FUNCTION, ALTERNATIVE OUTCOME MEASURES
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FIGURE 6. REPLICATION AND EXTEN SION OF BLEAKLEY (2010) FIGURE 4: M ODEL WITH POLYNOMIAL
TIME CONTROLS , FIT TO EXPANDED DAT A SET, ALTERNATIVE OUTCOME MEASURES
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