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Abstract

Previous studies on the effect of school lunch programs on child obesity have been
hampered by effect heterogeneity, self-selection, and stigma—induced under—
reporting, having produced mixed findings. Their potential long—lasting effect has
also been debated. We study the body-weight effect of a Japanese school lunch
program, which provides nutritional lunch to all students at participating municipal
junior highs. The lack of means testing and individual participation choice offers
easily interpretable causal estimates. By exploiting almost all school lunch
coverage for elementary school children nationwide, we construct a difference—in—
differences (DID) framework to alleviate potential bias due to unobserved
differences across municipalities. Using the 1975 - 1994 National Nutrition Survey, a
nationally representative household survey with measured height and weight, we find
a regressive benefit of school lunch: while no statistically significant effect is
found for the full sample, we find a significant obesity-reducing effect for the
subsamples of children with low socioeconomic backgrounds. The obesity-reducing
effect remains at least a few years after graduation, implying effect through not
only nutritional contents but also guiding healthy eating behavior. We find little
evidence that school lunch reduces underweight. Propensity score weighting, quantile
DID analysis, and various falsification tests confirm the robustness of our

estimates.
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Abstract (200 wor ds)

Previous studies ome¢ effect of schoolinch programs on child obesity have been hampered by
effect heterogeneity, sedielection, and stigma-induced undeporting having produced mixed
findings. Their potential longlastingeffect has also been debatéée study the body-weighaffect

of a Japanesschool lunch program, which providestritionallunch toall studentsat participating
municipal junior highs. fie lackof means testing and individugarticipationchoiceofferseasily
interpretable causal estimat@&y exploitingalmost allschool lunch coverage for elementary school
children nationwideywe construct a differenea-differenceqDID) framework tcalleviate potential
bias due to unobservelifferencesacross municipalitiedJsingthe 1975-199Mational Nutrition
Survey, a nationally representative household survey with measured height and weigit awe fi
regressive benefif school lunch: \ile no statisticallysignificant effecis foundfor thefull

sample, we find significant obesity-reducingffectfor the sutsample of children withow
socioeconomic backgrounds. The obeségtcing effectemains at least a feyears after
graduation, implying effect through not omytritionalcontents but also guiding healtbgting
behavior. We findittle evidencehat school lunciheducesinderweight. Propensity score weighting,
guantile DID analysisand varioudalsification testxonfirm the robustness of our estimates. (199

words)

Highlights

® The Japanese school lunch program is -nmanstested andsatisfies strict nutritional
requirements

® \We study its effect on junior-high students’ weight using a DID framework.

® No statistically significant effect is found ftre full sample
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® e find significant obesity-reducirgffecs for subsamples of l08ES children

® The obesityreducing effect remains at least a few years after graduation.



1. Introduction
Child obesityis a serious public health concehat israpidly growing around the world (Reilly and
Kelly, 2011; Ng et al., 2014), and school lumeformshave recentlypeen implemented to combat
this threatFor examplestricter nutritional standardsgere introduced inthe UK andthe US during
the 2000s and 2010espectivelyconcurrent witithe continuing expansion d@ligibility for free
school lunclesin the UK (Evans and Harper, 200BaidalandTaveras 2014).These reforms,
however,areunder heated debate due to their high coststenthck of agreemerinthe
effectivenesgTickle, 2014;BaidalandTaveras 2014). von Hinke Kessler Scholder (2013) fitioks
UK school lunch program has had no significeffiect FortheUS National School Lunch Program
(NSLP),some studies find weiglmereasing effects (Schanzenba2809; Li and Hooker, 2010;
Millimet et al.,, 2010; Hernandez et al., 2011; CapogrossiYang 2017), but otherBnd no
significanteffect (Hofferth and Cuntin, 2005; Gleason and Dodd, 200iétcheva and PowelR013)
or find weightreduction effect¢§Gundersen et al., 2012).

Differences across prograrhave mostikely contributed to the lack of consens¥et, mixed
findings, even for a single program, might suggest indiviteiadt effect heterogeneityn the
context of school lunch programs, effeeterogeneity is plausibleecause the causal effect depends
on not only what students eat at school lubghalsowhatthey would have eaten in the absence of
the program. School lunchill increase the weight of students who eat Iiti¢ghout school lunch
and decrease the weight of students who regularly ér@eeyydenseadietssuch as Frenctiies and

sweetened beveragé&mith (2017) finds substantial heterogeneity in the effect diitenal

1 For the US School Breakfast Program (SBP), some studies find weight-reductits @leason
and Dodd2009; Millimet et al, 2010; Millimet and Tchernj2013), while others find no significant

effects (Hofferth and Cuntjr2005; Sudharsanan et al., 2016).



School Lunch ProgranNSLP) on the quality of children’s dietary intake, with positive impé#ots
below-median quantiles of nutritional quality distribution and negative efi@ctgpper quantiles.

Another importantebate ighe longlasting impact ommbesitythatschool meaprogramsmay
haveby altering children’s food preferences and eating habisniitrition education and
encouragement of good eating hahits the statedoal of school lunciprogramsn many countries,
including Italy, Sweden, and Finland (AndersenlgtZz®17),Japan(NIEPR, 2013), and South Korea
(Jo, 2014). A longhlasting effect, if itexists, that couldrasticallyenhancehe costeffectivenessf a
school meal program, and hence it is of policy interest. However, studileslong-termeffect of
school meals on weight are scaarel their findings armixed Peterson (2014) finds a significant,
positive associatiohetweerNSLP participatiorand adulthood obesity, though Hinrichs (2010)
finds no significaneffect of NSLPon adulthood weight.

In this paper, westudy hebody-weight effect of alapanesschool lunch prograrfor students
at municipal junior highs (public lower secondary schools for 12- tgeks-olds). Unlike the school
meal programs previously studiede Japanese prograequiresall studentsat participatingschools
to eat school lunchWe usendividual-level data drawn from the 1975-1994 National Nutrition
Survey (NNS) an@stimatethe effect of theschool lunch program ameasures ofveightfor-height,
obesity, and underweight, includitige body mass indexBMI, defined as [weight in kilograms] /
[height in meterg). This paper advances the literature in several weyst, by conducting
subsample and quantimalysis, we examine heterogendityhe effect of school lunch on weight
by socioeconomic status (SHB) the first time in the literature. Knowledgé individualdevel
effect heterogeneity aids policymaké@rghe desigrof effective and efficienschool meal programs.
Secongdwe estimataot only the contemporaneous effect but also the lagged effect of school meal
programs forchildren who graduate from junior highs and then stop having school lunch.

The unique features of the Japanese program allow us to obtain credibkeseyd

interpretablecausal estimategirst, all children attending a participating school musttbat



provided lunch. The lack of individual choice in school lunch participation, together with
municipalty-level variation in school lunch provision, enables usgbmatethe population effect of
actual participation ithe school lunch program arabses$reatment heterogeneity by children’s
socioeconomic backgroundhis is n contrasto theaforementioned existing studistexamine
school lunch programs in whiglarticipation isup to each familyTo address the concern about
selection bias, existing studies use regression discontinuity design (RDD) bdkeélmibility

cutoff for school lunch subsidies (Schanzenbach, 2009)liffiedencein-differences (DID) analysis
based on policy changes resultinghe increased owdf-pocket cost of school lunch for households
in specificincome brackets (von Hinke Kessler Scholder, 2013). Consequéetg, ¢stimasare a
local average treatment effdtiATE) for specific incoméSESgroupsat the margiraffectedby the
policy change or policy discontinuity. Moreovérgseestimatesareinterpreted as the effeof
“intention to treat”(ITT) rather than the actual participation effect because of voluntary patiboipa
While a LATE parameter is informative for a marginal policy change, the estiofgiepulation
averageeffect are informative fothe overall effectof the program.

The second advantage of studying the Japanese school lunch prograstmics itational
nutritional standards, which minimize program heterogemdgityin the country. The strict standards
also make our estimates topical and informative to policymakers in other cowfiteiesnutritional
requirements are currently debated or haeemtly been strengthened. Third, there are no other
large scale food provision progrants Japanin theUS there aresarious meansested food
assistance programs, including NSLP, School Breakfast Program (SBP), and theargod St
Program (Hofferth and Guin, 2005), and this coexistence of multiple programsplicates the
analysis(Capogrossi and You, 20l Fourth,thenonimeanstestednature of the programmplies no
stigmainduced reporting bias in school lunch participatibmis is in contrastto programs in many
other countries. Gundersen et al. (2012) showphsicipation in NSLP is significantly

underreported, which is overlooked in other studies.



At the core of ar identification strategis a largevariationin the availabilityof school lunch
across municipalitied his municipalitylevel variation is useful because fr@gramparticipation
decision is up to each municipality rather than the policy agenda of the central government
However, our causal estimate may be confoundeulificipalities decisiors reflect unobservearea
characteristics. To address this concern, we employ a novel DID framework, mweeaploit
elementary school children as greatment datalapaneseompulsory education consists of six
years of elementary school for 6- to yarolds and three years of junior high school for 12- to 15-
yearolds, where the majority attend municipal schools (Ministry of Education, 1994). Instdotra
a large variatio in municipal school lunch provision for junior higihgarly allmunicipalities
provide school lunch for elementary scha®$EPR, 2013). Exploiting thistructure, we forna
DID frameworkin which we compare differencégtweerjunior-high students anolder (9 to 12-
yearold) elementarystudents between municipalities with and without school lunch for junior highs.
Because similarity between the treatment and control municipalities psofcither assurance for
thecommon trend assumption of the DID approach, we also undertake DID estimation combined
with propensityscore trimmingand inverse probability of treatment weight{tigTW). We further
conduct the raw quantile DID (QDID) analysis, i.e., the raw DID using perceimsiesad of the
meansto examinethe effect of school lunch on the distribution of weigigasures

Our main findings are as followg/hile we find nosignificant effect oischool lunch on body
weightfor the entire sampleve finda significantobesity-reducingffectfor the subsample of
children with low socioeconomic backgrounds. We find little evidence that school lunchgeduce
underweight prevaleec Quantile DID analysis reveals that the weigdttuction effect is
concentrated among obese childrEine weight-reduction effect for low-SES children persists
several yearafter they graduate from junior high, implying effect through not only nutritional
content but also guiding healthy eating behavior. Varsamsitivitytestsconfirm the robustness of

our DID estimates.



2. Backgrounds
School meal programs vary considerably across countries. Historically, dating laekharitable
provision of free lunch for poor and undernourished schoolchildren in the fidet@ury inthe UK
and UStheoriginal goal of school meal programs was to feed children in hungeheBmid20"
century national-level school lunch programs existed in Finland, France, lItaly, Ireland, Portugal,
Spain, and Sweden, with the major nutritional goal of increasing energy intake rathedticamgré
(Evans ad Harper, 2009; Rutledge, 2015). Nowadays there is a large variation across developed
countries in nutritional content, targeting, and policy goals of school meal programs (étaapger
2008)2

The scen®f school lunch in Japan differs from that immyWestern countriesStudentsat
municipalelementary angunior-high schoolsare divided into a clag# about 40 students and spend
the entire school day with their classmatasestlyatan assigned sest the homeroom; studerngst
lunch with their classmatés the classoom 2 If a municipalityprovides lunch, all students have the
same menu (Sanborn, 207 typical menuconsists of a dish of meat fish, a dish of vegetable,
rice or breadfruit, and milk (Nozue, 2011). Figure 1 shotypical lunchscensatjunior highs.As
in Panel(a), students in chargeerve the mealhey are instructed to distribufi@od evenly to all

students, buivhenthere are leftovers students can have another serving (Nozue, 20@&ntS eat

21n developing countries, school feeding programs still play an important role in increasmygy

intake and reducing underweight (Jomaa et al., 2011).

3 A similar setup can be found in Italy, where many elementary and lower-secortuzrisdtan
home-prepared lunches at scheolthat students will eat school lunch together with their classmates
(Kingston, 2019).

4 Few municipalities offer a menu choice.



togetheras in Panglb). The homeroom teacher eats the sanf®ol lunch with the students aisd
supposed tencouragestudents to eat everything served to tBHEPR, 2013).

The firstgovernment-subsidized school lunch programaparstarted in 193%or the children
at elementary schaofrom low-incomefamilies, butthe program was interrupted in 1944 due to
World War 1l. It was then resumed municipalelementary schools in Tokyo in 1946, when Japan
wasunder American occupation, to combat child malnutrition resulting from severe food shortage
Thereaftethe program was gradually expandedéacomenationwide. The nutritional arghnitary
guidelines beaaethe School Lunch Law (henceforth SLL) in 19%ich wasthenrevised to
include municipal junior highs in 19568I[EPR 2013. The SLLobliges municipalities only to
“makeefforts” to provide lunch atunicipalelementary and junidnigh schools.

Theschool lunch coverage rate for municipal elementary school students has been above 98
percentsincethe late 1970s, bilhe coverage rate fonunicipaljunior-high studentbas increased
moregradually from about 5Bercentin 1978 to about 8Bercentin 2015, as detailed in Appendix
(Figure Al).Figure 2 show$he 1985 school lunch coverage rate among municipal junior-high
studentsacrossrefecturs, which is evenly distributesicross Japawith moderatespatial
correlation.

TheMinistry of Educatiof requiresthat allstudentsatthe providedschool lunchand not
bring their own food to schodf,their schoolreceiveggovernment funding for school lunch. The
only excepion to this requirement ifor students with special dietary needs suchfas@allergy
(Ong, 2007). Nevertheless, householdsility to payfor school lunchs unlikely tohinder
children’s participationThis is because umicipalitiesreceivesubsidesthat covetthe cost of

construction and maintenance of facilitesd the labor costs involved in preparing the food,thed

5> TheMinistry of Education was consolidated irttee Ministry of Education, Culture, Sports,

Scienceand TechnologyMEXT) in 2001.



children’s guardians only pay ingredient camtsl enggy bills (NIEPR, 2013). In 2013, for example,
the averagg@unior-high lunch fee was about 4,800 yen per person per month (approxitdS$:19)
(MEXT, 2015). Moreover, payments are exempted for households on public assistaat@oshd
all municipalities provide school lunch to all students regardless of fee paymenra{fyjZ008).
Thesecompulsory and nomeanstestedaspects of the Japanese school lunch program provide a
unique opportunity tevaluate the population average treatment e(f6EE) rather thara LATE or
ITT effect®

TheMinistry of Education has set nutritional standards for school lunch, including target
values for energy, protein, total fat, calcium, and vitamin since 1954 (Nozue, 2011), and during our
study periodhe standards haved only one minor revision (see AppendixJgpan’standards are
significantly higherthan theircontemporary counterpartstime US and UK.The currentUS federal
requirements lack target values for protein, total fat, calcium, and vitamin, aeavdsonly a
minimumrequirement for energytakeuntil 2012 (Baidal and Taveras, 201H4)the UK,
requirements fotheamount of energy, protein, and fat for school lunch were introduced in 1966 but
were abolished in 1980, leaving no legally binding nutrition requirenuemiis2000 (Evans and
Harper 2009). A survey conducted by tha@panes#linistry of Education finds tht the actuaintake
from school lunch complies well with the nutritional standaiionalSchool Health Center of
Japan 1990, 1991).

The S.L alsolists theeducational goal®f the school lunch program such as encouraging
good eating habitsmpartingknowledge on nutrition, anfdsteing sociability. The school lunch
programhas been a part of the curriculsince 1958, instructinggachers to guide table manners

andencourage healthy eatifyIEPR, 2013. Since 2005the school lunch prograras been

¢ An increasing number of municipalities nowadays allow students to choose between scimool lunc

and home-prepared lunch, but such a choice was rare during our study period (see Appendix 1).
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embedded asart of the national food and nutrition education progcaitedshokuiky which aims
to promote healthy eating and prevent obesity and underweight.

Despite the low average BMI of the Japan#se prevalece of obesityrelated diseases
Japaris close to thadf other developed countries with higher average BMIs (Guarigiatia,
2014).Because the rise in obesitglated health risks startsalower BMI levelamong Asians than
amongCaucasianghe Japan Sociefpr the Study of Obesity has advocated defining obesity as
BMI of 25 or oversince 2000as opposed to the WHEObenchmarlof BMI 30 (Kanazawa et al.,
2002).BMI and obesityamong Japanese children haignificantlyincreased since the late 1970s
(Yoshinaga eal., 2010; Maruyama and Nakamura, 2015), raisiogceris about child obesity,
whichis amajorrisk factor foradult obesity (Togashi at., 2002).

Underweight is also a serious public health issue ardapgnese womeand isassociated
with various morbiditiegKodama, 2010). &male BMlhas consistently decreasadoost-war Japan
(Maruyama and Nakamura015), and underweight prevaler@ssignificantly increased among
young women since the 1970s (Takimoto, 20Q4ixrently, more than 2@ercentof non-pregnant
women in their 20s are underweightBMI of 18.5 or lowey (MHLW (Ministry of Health, Labour
and Welfarg, 2016).

We know of only one study examinitige effect of thelapanese school lunch program on
child weight. Applying dixed-effects OLS modalith a lagged dependent varialdde2006—2015
prefecturelevel data Miyawaki et al. (2019) find a significdgtnegative effecof junior high school
lunch coverage raten overweight prevalence for boys but a nonigemt effect for girls, and a
nonsignificant effect on underweightevalencdor both genders. However, not oithe lack of

time-variant control variables in their model could indbaesbut also this type of dynamic model

" The Third Basic Program for Shokuiku Promotiamvw.mhlw.go.jp/file/06-Seisakujouhou-

10900000-Kenkoukyoku/0000129496.gtf Japanese)
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makesOLS estimates inconsistent (Nickel©81 Angrist and Pischke, 2009, pp. 243—-24Bther
Japanesstudies finda positiveassociation betweesthool lunchandthe intake of vegetables and

dairy productsTakahashi et al1983;Kawaraya and Moyi2009 Nozue efal., 2010) andhepoor
nutritional contents of weekday lunch among junior-high students who attend schools without school

lunch (NationalSchool Health Center of Japa990).

3. Framework for Causal Analysis
3.1. Differencein-differences (DID) analysis
We conduct DID analysigsingdataof elementary and junior-high studedtawn fromthe 1975—
1994 NNS The repeated crossectioral datain the NNSallow for neither trackng the same
municipalities/students over tinmoridentifying the name of the municipality of students’ residence.
However, encrypted identifiers enable us to group residents by census district, a etibare
municipality (henceforth “district”), and to impute the school lunch provision status of the
municipality the district belongs to.

Without loss of generality, &regarchavingschal lunch as théaselinecase and assess the
effect ofnot having school luncHpr the ease of presentatioive start withthe followinglinear

regressiorior a sample ofunior-high students:
Yia = XiaB + Zgy + 0°LSNoSchoolLunchy + €4 , (1)

whereY;; denotesanoutcomevariable(e.g., BMI) of studenitin districtd, X;, is a vector oktudent
i's characteristics, including constant term, arif}; is a vector of district’'s characteristics
includingdummiesfor survey yearBecause weo nottrack the same district or student over time
we suppress year subscripts in Eq.f¢t)concisenessVoSchoolLunch, is anindicabr for no
junior-high school lunch idistrictd. €;4 is the error termandf andy are parameters to be
estimated The OLS estimator of théno school lunch’effect 915, could be biasedue to
systematic differences imobserved local obesogenic environmdmtisveerdistricts with and

12



districtswithout school lunch, such ascess tdealthy and unhealthy foodshansprawl, access to
parks and sports facilities, and transportation systems (Lake and Townshend, 2006).

To account for pntialconfounderswe capitalize ora uniquefeatureof the Japanese school
lunch program: nearlgll municipalelementary schools provide school lunch. This allows fsrto
aDID frameworkin whichwe subtracthe pretreatment difference, i.eéhe difference in outcome
measuresf elementanstudentdetweendistricts with and districtaiithout junior-high school
lunch,from the postireatment difference, i.e., the same differencgemibr-high students, in order to
adjust forthe pre-existingage-invariant difference between the treatment and control distasts
illustrated in Figure8. Underthe agegradesystemin Japana child’sschool grade is determined
strictly by the child’s age on April 2nd.of elementary students, we limit our sampl8-+t¢o 12-
yearolds(Grades 46) for a better compa&onwith junior-high student¢Grades #9). We estimate

thefollowing DID equationusingthe sample oélementary and junior-high students:
Yia = X;qB + yNoSchoolLunchy + 8PP JuniorHigh;; X NoSchoolLunchy + pig + €4, (2)

whereJuniorHigh;, is an indicabr for junior-high studentgy,; denots district fixed effects, and
6PP is the DID estimair of the effect ohot having school lunch.HE JuniorHighindicatorappears
only in the interaction terrandnot in aseparatéerm, becausgunior-highattendancés absorbed by
agedummies inX;;. Themodel is identifiedunder the standanhrallel trendassumptiorfor €;,4

over age between tiieeatmentand controbistricts conditional onX;;.% We usestandard errors
clustered athedistrict levelto allow forwithin-district correlation of the error ternunlike prior

quasi-experimental studies, we quantify the effecabfial participation rather than the “intention to

8 We require parallel trendasver agewithin asurvey yearwhereas standard DID models based on
individual- or municipalitylevel panebata require parallel trendser age for a certain birth cohort

or parallel trends over year for a certain age group.
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treat” effect, because attending schools with school lunch and participating in thelsobbol

program ag equivalent in the Japanese setup.

3.2. Subsample analysis
We examine effect heterogeneity low SESchildren a groupof particular policy interest®r two
reasonsFirst,in many countries, includintpe UK, US, and Canada, the main target of schoeél
programss childrenin low-income familiegHarper et al.2008). Secondye expectarge effecs
for lower SES children. bw parental SES is associated wattildren’s poor diet quality (Darmon
andDrewnowskj 2008), less healthgating habits (Hazano et &017), and obesity in childhood
(ShrewsburyandWardle 2008),adolescencéachi et al.,2015), and adulthood (Lee, 2013)mith
(2017 finds a largerimpact ofthe US school meal programs amildrenrs nutritionfor children with
pooter diet quality

We conduct aubsample analysis for two low-SES groupscause our datontain no
information on parental education or income, we fisgt paternabccupations as proxies for SES.
We study a subsample of children whdathess arein nonwhite-collar occupations or unemployed
(“children with nonwhite-collar fathers, henceforth). WMite-collar occupations refer wwhite-collar
employees and seéfimployed professionalsuch as practicing clinicianand nonwhite-collar
occupationsgefer to all the otheoccupational categories, including non-professisetiemployed
workers laborersandworkers in agriculture/fisheries/forestty

The actual SES of these households, however,anayge over ne, affectingcomparability
across childrewnf different ages anldence causing bias the estimatdlongterm effectsTo

addresshis concernwe study another subsamplghildren in households whopermember

9 We do not include children without fatherstiis subsample because cannot distinguish cases

where fathers temporarily live apart from the family for work.

14



expenditure is belowhe mediar(“children with low household expenditurdy&nceforth)\°
Household expendituiie a reliable measure 8ES capturingmaterial wellbeing for lowincome

households (Meyer and Sullivan, 2003).

3.3. Inverse probability of treatment weighting (IPTW) and propessitye trimming

As a robustness check, we use IPTW and propesedse trimming in the DID analysi€ombining

DID analysiswith propensity score methods has been foefifective foreliminating potential

sources of temporally invariant bias (Smith and Todd, 2005), balabasejinecharacteristics

between the treatment and control groups and hence making the common trend assumption more

plausible IPTW giveseach subject a weight equal to the inverse of the probability of treatment the

subject receivedlhus, for studesstin districtd, the weight equalgl- if dis a treatment district and
d

1

P if dis a control district, wherp,; denoteshe propensityscoreof a lack of school luncim d.
—Pd

Propensity-score trimming excludes observations based on the propensity seasesdaufficient
overlapin characteristicbetweerthe tratmen and control districtsFurther details are provided in

Appendix 2.

4. Data

4.1.TheNational Nutritional Survey

10 The median is defined among child@ithe saméwo-year age group in the same survey year.
Because pemember household expenditure in the NNS is reported in intervals that vary by year, we
cannot determine which children in the median interval are below the median. Tcalldiese
randomly split the median interval so that all children of the same age group in eaateysait

into two groups of equal size.
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We use a sample 8f to 15yearold children in elementary and junior-high schools drawn from the
1975-199ANNNS. The NNS is a nationally representative, cresstional survegnnually

administeed by the Ministry of Welfaré! Katanoda et a2005) confirm the representativeness of
the NNS.The response rate, though not reportedafioyears appears to be high: among about 5,000
householdsequestedo participate inthe2002survey 4,160participated MHLW, 2003).The

survey includes information dhebody measurementdiet, and sociodemographic characteristics
of eachhousehold member. Height and weight are measured without shoeglaadjustment for

the weight of clothes by health professionals and thuacgrate and free froself-reporting bias
(Gorber etal., 2007).The elementary andnior-high students consist of 9- to §8arolds and 12-

to 15yearolds, respectivelyWe use the birth month to determine whetherygarold children are

in an elementary or junior-high school. Children at age 12 in the 1975-1985 surveys are not used
becausehe birth month information is unavailablethrese yearsA small number of children

without a mother and thoséth missing datare also excludedrurtherdetailsof thesample

construction are provided in Appendix 3.

4.2. Municipal provision of school lunch

The NNS sampkdstrictsfrom all Japanese prefectures and requekt®ouseholds in the sampled
districtsto participate in theurvey. Only an encryptadentifier of thedistrict of residence and the

name of the prefecture is provided in the publicly availaS datasethencewe imputethe school
lunch provision statusf each districusingNNS information on whether school childreatschool

lunch.

1 The NNS was renamed the National Health and Nutrition Survey in 28@3Viihistry of Welfare

was consolidated into the MHLW in 2001.
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This procedure involveseveraimeasuremerissuesThe first issues thatschool lunch is
servedonly on weekdays, whereas the NNS doesspetifywhich day of the weekhe food diary

record refers to. Weolvethis problem by exploitinghe uniquefeature ofthe 19751994NNS, that

eachparticipatinghouseholds requestedo choosehree consecutive dagxcluding Sundays and
holidays and toeportthedetaik of all meals eacilmember haih eachday. This means thatach
household’s survey periaobversat leastwo consecutiveveekdays, and we decide that school
lunch is available to a child if school lunishreported for at least one of the three days

Individual reports might not accurately refléiee municipal school luncktatus evenfor
weekdaysfor two reasonsFirst, sme children might miss school lunch due to sickness or extra-
curricular activities such as excurssorsecond, because the NNS does not contain information on
the school children attend, school lunch status canibmeasured childrenattend municipal
schools outside of the municipality residencer choose t@ttendprivateor national schooldew
of which provide school lunchiVe presuméhatthe first type of measurement errosimallbecause
we use the food diary ofiree consecutive days and becaheeNNS instructs households to choose
a survey period when the household members &avemaldaily life without special everst
Measurement erralue to children attending municipal schools outside of their municipalgtigo
expected to be small due to @teict Japanese school district systélrn.address the noise due to
children attending non-municipal schoolg exclude prefectures wharere than Ppercentof
junior-high students attend non-municipal schools in 1994 (shown as siradsdn Figure)2

Our samplestill exhibitsoccasional disagreemewntthin a district in which caseve determine
theschool lunchstatushased on thenajority rule whethera half or more of junior-high students
report having school lunch. To improaecuracy, & excludelistricts withonly one junior-high
respondent andistricts with exactlytwo conflictinganswes. School lunch provision atmunicipd

elementary school determined analogously. In addition, when the school lunch provision status
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obvious fromofficial statistics we use that information instead of survey respons&ild on the
procedure to determirtee school lunch status are provided in Appendix 3.

To illustrate the accuracy of the imputed school lunch stdbie 1 presentshe districtlevel
distribution of the percentage of students who report having school larz213 districts (97.4%),
the majority ofelementary student respondergporthaving school lunch, consistent with the nearly
100percentschool lunch coverage rateafficial reports(Appendix 1). For junior-high students, the
reported percentage equals 100% in @&icentand 0% in 20.@ercenbf districts, and within
district reporting discrepancy arises in only 18ercentdistricts. Moreover, in the vast majority of
districts with mixed reporighe percentage of positive reports is 50 or more, suggesting that the
major cause of reporting discrepancies is occasimakttendance. In Appendix 3, we also confirm
thatthe derived school lunch statisshighly consistent witlthe official statisticsOur final sample
consists of 8,477 junior-high students and 9 &@#entarystudentdrom 2,265 districts, of which

498 districts do not provide school lunch in their municipal junior highs.

4.3.Weight measures, control variahlaad summary statistics
Our outcome variables inclu@MI, binary indicators for obesity and underweight, and another
measure of weighior-height widely used in JapaalledPercentage of overweigieQW). POW is
the proportion of weight deviation to the standard wefghtieight by age and gender, defined as
( [weight] — [standard weight]/)[standard weighi]We takestandard weightor-heightfor Japanese
children from Murata and Ito (2003). &\alsoexamine height in some analydiar BMI and height,
we use both the raw valaad thez-score that is normalized by gender, age, andyfeae-cohort.
Defining obesity and underweight requires caution because the distribution of ckilBhh’
varies substantially by age, gendand raceWe usehe extendednternationaObesity Task Force
(IOTF) definition (Cole and Lobstein, 2012) atfie POW definition. The IOTF definitions the

BMI-based definitionvidely used to account for racial differenaaggrowth patterns. The cutadf
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being obeséor each agaender groufs determined based dhe percentage rardorresponding to
BMI 30.0 at age 17.5. ®useBMI 25.0 for theobesitycutoff instead othewidely-used 30.0,
following therecommendation by th&apan Societfor the Study of Obesityanazawa et al.,
2002). Underweight is defined analogoushe percentage rank corresponding to BMI 18t%&age
17.5 is used to determirniee underweightutoff. TheselOTF cutoffsminimize acrossage variation
in the prevalence ajbesity and underweight and thus fit well in our DID framework. For Asian
children the IOTF definition is preferred ovdre WHO referengevhichis based on American
children’s BMI distribution(de Wildeet al.,2013).We usethegender-and agespecifc BMI
distributiors for Japanese children reported in Kato et al. (2011).

Under he POW definition, children whose weight exceeds their standard weight by 20% (i.e.,
POW>20%) are categorized algese Likewise, POW less than —20% is underweight. Th@OW
definition has an advantage o\&W¥ll-based measures as BMI increases watigttt for children in
puberty (Sugiura and Murata, 2011).

Table2 showghe summary statisticef height and weight measures of elementary and junior-
high students by treatment statasthe full sample (Panel (a@gndthe twolow-SESsubsamples
(Panels (b) and (c)). Junior-high students have larger BMIs than elementary studehesptgr
weightmeasureshow no clear age trendss expected. The two obesity measures are reasonably
consistent. The two underweight measures are different in leveinbildrly lack strongagetrends.
Children in the two socioeconomically disadvantaged subsamples are consistentlytisaorter
children in the full sample, but the weight measures simwalear differencdn all three samples
comparison between the treatment and control groups among elementary studenlitishows
difference except thaBMI, POW,and obesityprevalencearesmallerin thetreatmentistricts than
in the controldistricts. In contrast, among junior high studethisy areall largerin thetreatment
districts than in theontroldistrictsin all three samples, consistent wikie formal DID results

below.
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To make our DID estimator more credible, we accéoindifferential agetrends specific to
each area, which cannot be addressed by district fixed effects, by including controtios ehild,
parental and householdharacteristics. For child characteristics we use gespukific age
dummies, withseparate age dummies fi2-yearold elementarystudents and 12earold junior-
high studentsParental characteristiasclude age, heighBMI, andoccupatiordummies of the
father and mothel? Householdctcharacteristicinclude the coresidence father, grandfather, and
grandmother, the number of children in the household, and the percentage ranking of monthly
household expenditure per household member.

Table3 reports the smmary statistics ahe controlvariablesby treatment statusith the
normalizeddifference between thevo groups?® The tableshows that junior-high school lunch is
more likely to be provided in districts wrechildren live with their grandparents, parents work in
agriculture/fisheries/forestry, and pmemberexpendituras lower. The absolute normalized
differencedn the control variables between the treatment and control groups are overadiraall
never exceed the threshold value of Q\@berevalues above 0.25 are considered problematic
(Rubin, 2001)IPTW andpropensityscoretrimming make these differences even smaléer shown

in Appendix 2(TableAl).

4.4.Determinants o$chool lunch provision

12 Because the NNS does not record kinship among household members, we regard g&ako 59-

olds in a child’s household as parents and those 60 years old or older as grandparents. Mean values
are used in the rare case of multiple “fathers” or “mothers

13 Many DID studies condudttests for differences in covariate means between treatment and control
groups. However, the normalized differenaes more effectivéor assessinthe difficulty of

adjustingfor covariate differences betwetre groups than thtestatistics (Imbens, 2015).
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Tables2 and 3ndicatethat junior-high lunch status is not purely random and that a mere comparison
of outcome variables between junior-high students with and without school lunch migasée
Even if we control for observable district characteristics, the unconfoundeabsesaption mighte
violated Our DID estimation addressthis non-randomness and yieldsbiased causal estimates
under the common trend assumptiSpecifically,the assumption requires that the school lunch
provision be determined orthogonally to children’s growth in height and weight from age 9 to 15
(aftercontrolling fordistrict characteristics that vary over age

To assesthis premise, it is useful tenderstand the determinants of school lunch proviion
junior highs. Wefirst conduct a distrietevel Logit regression analysis in which wegress the
NoSchoolLuncldummyon mearheight,meanBMI, the prevalence rates abesity and underweight
among children 1- to 1§earold, andothervarious districtharacteristicsWe usedistrictswith five
or morerespondents of age 1 to o minimizetheinfluenceof agecomposition among children,
we use meamscoreof height andBMI that arenormalized by gender, age, and five-year cohort,
anduse the IOTF definitions for obesity and underweig¥d.includeresidens’ characteristics
defined as aggregat®&INS values the number of NNS participants, age composition, median
percentage ranking of peremberhousehold expenditure, mean household sizeypational
composition among 23- to 5/&arold workers, andhe proportion of working women. Also
included argorefectural population density obtained fr@tatistics BureauMinistry of Internal
Affairs andCommunications (2012), dummies founicipal size 47 prefecturespecificeffects or
six region blockspecific effectsand year dummie3.heir summary statisticare provided in
Appendix 4(TableA3).

Table4 reports the regression resuliéodel 1 controldor region blockfixed effectsand
Model 2 controldor prefecture fixed effectslunior-high school luncis lesscommonin larger
municipalities The coefficient on the prefectural population densisigsificantly negativenly in

the prefecture fixe@ffect model, implyinga higher likelihood of school lunch provision in
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prefectures with a growing population. Consistent with this, school lunesssommon in “older”
areas with a larger fraction of the eldeplypulation. e estimated coefficientd year dummies
(reported in Appendix 4, Tab®4) indicateasignificantincrease in school lunch provision over
time, consistent withoththe nationwide and sample trends.

On the other handhone ofthe other variables, including those directly related to obesogenic
environments, are significant. Most importantly, in bgpecificationsmeanheight,meanBMI,
obesityrate,and underweightateamong elementary and preschool children are independently and
jointly norsignificant,which suggests th#tte municipalschool lunch provision is unrelated to the
stature, obesity, and underweight of childréne lack of significance of the expenditure level
impliesthat the municipal decision on school lunch is not driven by the economic deprivation of
residents. Occupation is a major determinant of obesogenic environments (Maragama a
Nakamura, 2018), but occupatarompositionvariables ar@ot significant.Thesefindings suggest
the absencef adirect link between the school lunch provision and obesogenic environments around

children, supporting our common trend assumptfofo further address concerns about the possible

“We also conduct a substantial archival work, examining media coverages, resedesh and
minutes of municipal assemblies, to understand the determinants of school lunch provisitite but li
information has been identfil. Recently the coverage ratigunior-high school luncistarted to rise
(Figure Al) and one reason ikerising concerns and awareness over child nutrition (Mainichi,
2016) In the Third Basic Program for Shokuiku Promotar2016, the government introduced an
agenda to increase school lunch provision at municipal junior highs to promote healthy eating.
Reverse causality from locabesity prevalence to municipal school lunch provissoof little

concern during our study period 1975-1994, however, becatiséhe 2000s few were aware of
child obesity issues in Japan even among health professionals (YoshinagaTBé1a¢k of

significance of the variables on children’s weighconsistent with this view.
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violation of the common trend assumption, we conduct a number of robustness tests, asldscusse

the next section.

5. Results

5.1. Main results

Figure 4 plotgearadjustedneansof height and BMI by gender in the full sample and the 8%
subsamples ovarges 9 to 15or the treatrent and control group3he vertical red line indicates age
12, the threshold age between elementary and junior-high students. In this figyearalbls
include both current- and post-junior high studerts.all three samplethetrends inmean height
are highly similabetween the treatment and control groups for both genders, higididjtite
difference in growth pattas. The differences in BMI trends are alsmall in the full sample
Amongchildrenwith nonwhite-collar fatherswhile elementarypoys’ BMI is similar between the
groups.elementarygirls’ BMI is lower for the treatment than the control groups,BMt of the
treatmengroup exceeds that of the control graijages 13 and 14 for both genders. Among
children with low household expenditufiictuationsin BMI are large but the overall trests are
similar to thosdor children with nonwhite-collar fathers.

Table5 reports he estimated effectsf no school lunclirom (a) junior-high OLS, as specified
in Eq. (1), (b) DID regression, and (c) DID regression WhW andpropensityscore trimmingin
Panels (a)(c) respectively*> Whereasve find no statistically significant effect @amy outcome
measure across all three specificatifmghe full samplethe subsample resutsvealfairly robust
evidence thaschool lunch reduces BMIPOW,and obesity for childrefrom lower socioeconorgi
backgrounds. In the subsample of children with fathers inwtate-collar occupations, the

estimateceffecs are significantly positiven BMI, BMI z-score, POW, and both of the obesity

15 Full regression results are available from the authors upon request.
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measuref all three specificationsit least at the 10 percent levEhe estimatefrom the base DID
imply that the lack of school lunch increases BMI by 0.403 and increbssgy prevalenceby
about 3percentunder both IOTF and POW definitigrthe estimate from the DIDwith IPTW and
trimming beingeven largerin the subsample of children with low household expenditinge
none of theestimatecdeffects from the OLS are significant except for the obestigyusunder POW
definition, those from the base DID and DID with IPTW and trimnangall significantly positive
on all outcomes except for the underweight measiitessbase DICestimates imply thahe lack of
school lunch increases BMI by 0.418 and increases obesity prevalence by pbménunder both
definitions,with the estimatefom the DID withIPTW and trimmingbeing larger againNe find no
evidence that school lunch affects underweight prevali@naey specificatiorregardless of the

sample used®

5.2.Quantile DID

To explore effect heterogeneity over the baseline distribution of height and ywemglbnduct raw
quantile DID (QDID) analysis, in whicBID estimates are obtained by iadthe difference ofwo
differencedor each ofl9 equidistant intervalbetween thé&th and 95h percentiles of the dependent
variable!’ Figure 5 showshe QDID estimategor height inz-score, BMI inz-score, and POW. For

all three sampleshe estimates for height are close to zero across quantiles. In congrastiates

16 We also conduct a subsample analysishiftirenwhosepermemberthousehold expendituis
abovethe mediarand children with fathers in white-collar occupations or without fathers, and none
of the estimated effects are significant

17 We refrain fromformal quantile regression analysis because the econometric theory for the
quantile treatment effect in DID settjs with control variables is under development and because

our data and setting are not ideal for such analysis.
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for BMI and POW are mostly positive and larger for higher quarfbleall three samplesmplying
the variancaeduction effect of school lunch for weight. This pattis particularlyarge for the
highest quantiles of the low-SES subsamples. Obese children are the driving fomdetze

significant weight-reduction effect of school lunch among the low-SES subsamples.

6. The Robustness of Results

6.1.Permutation test

To assesshe potential underestimation of standard erdwss to correlationf the error termamong
children close in age and locatjome implement permutation tests in the spirit of Bertraral. et
(2004) and Abadie et al. (201M). this test, the treatmeNtoSchoolLuncls randomly assigned to
controldistrictsholdingthe same frequency as the originalsample and thebaseDID modelis
estimated based on the hypothetical treatment assignRemating this procedure 1,000 times
yieldsthedistribution of theestimatedlacebo treatment effeds detailed in Appendix 5 (Figure
A3), theimplied statistical significance in thisdtis highly consistent with the correspondirggults

in Table5, suggestinghat the statistical significance ofir estimated school lunch effects is not due

to the misspecification of correlatiGtructure

6.2. Falsification testregressioranalysis of height

OurDID framework relies on the common trend assumption that the school lunch prasision
determined orthogonally to children’s growth in height and weight from age 9 to 15 (afterlocantrol
for covariats that vary over age). This assumption migdwiolated if there are systematic
differences in the growth pattern between thattnentand control districtsgspeciallyin the timing

of puberty onset. The use BOW, POWbased obesitynderweight definitions, IPTW, and
propensityscore trimmingshould mitigate potentiabias.We furtherconduct a falsification test in

which we use heightstead of the weight measures as a regressand. Because height is determined
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primarily by genetic factors and eatlfe environment (Beard and Blas&002), school lunch
should not have a strong, immediate effect on height. Thus, the coefficient of theioresac
JuniorHigh dummyandNoSchoolLunch dumnwouldreflectdifferences irchildren’spre-
determinedyrowth patterrbetween the t@mentand control districtsAs shown inTable6, none of
theDID estimatesaresignificantfor the full sampleand the lowSESsultsamplesproviding

additional support for the common trend assumption.

6.3. Other robustness checks

Furtherrobustness checks support the robustness of our results, as detailed in Appendix 5. O
results night be confounded bihedifferential effects of attending a junior high by urbanicity and
survey timing While the school lunch status is significantly associated with the municipality size and
survey year (Table 4), the transition from elementary to junior-high schools might invesiglé
alterations such as an increase in time spent for studying or school sports club activities, whose
effect on weight might vary with banicityand change over time. To address this coneez@add
interactionsof JuniorHigh dummywith five-yearperioddummies prefectural population density,
andmunicipality sizevariablesto the DID regression model. Furthermose, alsotestspecifications
with triple interactions otheJuniorHighdummy, year dummies, and prefecture dummies to the DID
regression model tallow for differential effects of attending junior high by prefectyeat Our

results are robust togeemodificatiors.1®

18 Another robustness test of the common trend assumption would be to include linear age trends
specific to each district in the DID analysHowever, this is not appropriate in our setting because
the growth curves of height and weight over age are highly nonlinear. Additionally, it is niokefeas

because the number of children is too small in many districts, especially ubdaples.
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We implementa synthetic control method proposedAbadie et al(2010)to compare the
outcome trends of the treatment group with an artificial control gnetlpomore similapre
treatmentrends than the original control grodiheresultsconfirm the robustness of our findings.

Furtherspecification testare conductedrirst we estimate th®ID regression model using a
lessrestrictivecriterion for the selection of prefecturege include in our samplegfectures with at
least 90percentof junior-high students attending municipal schsad 0f1994 instead of 9percent
despite a potential concern about bias due to students attending non-municipal $tiols.
modification does not change our findirgggostantiallySecondwe estimate the same model
excluding 12- and 1yearolds. Among 13rearolds,some are elementary and others are junior
high students, depending on the birth month. Similarly, sortteed-yearolds are currenjunior-
high students and others have finished junior higindg our results might be affected pgtential
differentid effects of thebirth month on children’s height and weidigtween the treatment and
control groups. W confirmtherobustness of our findings to this exclusardalsofind highly

similar effects othebirth month on heighfior both groups.

6.4.Misclassification in school lunch status

The imputed school lunch provisistatusfor junior-high schools might be subject to measurement
error, potentially causingstimateceffectsattenuated toward zerohi mightbe an explanatiofor
theinsignificant effects of school lunch on underweidhithat is the casdjowever, theestimate

positive effects of the lack of school lunch on BMI and obesity can be considered the lowerfoound o

the true effect

7. Long-TermEffects
Doestheweight reductioreffect of £hool lunch for low-SES childrdastafter theygraduate from

junior high and stop having school lunch? The |terga effect of school lunch is a parameter of
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policy interest because it can drastically alter the-besgfit of such programsoTlestimate the
aftereffect of school lunch, eadd 1540 17-yearold post-junior-high students iheé sample and
estimate the following model:
Y;qa = XiaPB + yNoSchoolLunch, + 8°PSJuniorHigh;; X NoSchoolLunch,
+0PPLpost]H;,; x NoSchoolLunchy + pg + €;4, (3)

wherePost/H;, is an indicator for post-junior-high students, &#%¥@5 and9”"L denotethe DID
estimatorof short- and long-run effects of no school lunch, respectively. The 15-yteaksids in
the control grougre assumed to hatad school lunch for the three years before graduation. This
would be a reasonable approximation given the slow expansion in the school lunch coverage during
our study period?

Table7 reports hetwo estimatedoefficients on thé&loSchoolLuncldummyinteracted with
the junior-high and post-junior-high dummiés expected, the estimated eftefttr junior-high
students (henceforth “ongoimgfects”)areall positive andtloseto the corresponding results in
Table5. They are alhonsignificant for the full sample, and all significantly positive for the 8&&
subsamplest least at the 10 percent levBhe estimatedeffects of post-junior-high students
(henceforth “poseffects”)arealso all positive anéhirly close to the ongoing effect in both
significanceand magnitudeAt the 10 percent significance level, whereasy two out of ten
estimates of the posfffects aresignificantfor the full samplesix out of ten are significanoif
children with nonwhite-collar fathersand seven out of ten are significant for children with low

household expenditure. For the low-SES subsamples the estimatedfpctstare eithedase to or

19 Even when a non-negligible fraction of the 15- toygarolds in the control group was exposed to
school lunch for less than three years, our estimate of the lergeeffect can be interpreted as a
lower bound of the true effect. We refrain from estimating lomgen effects because relocation of

individuals is very common after the age of 18.
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smaller than the ongoing effecexcept for a few estimatéom DID with IPTW and trimming
which exceed the ongoing effects.

We repeathe DID analysis, treating post-junior-high students, instead of current junior high
students, as post-treatment observations. The results shown in Figure 6 are highintaovitis
those from the main analysis (Figure 5). Althotlgh estimates are overall smaller, the estimates for
the BMI and POWn the low-SES subsamples are positive for the highest quantiles.

These findings provide suggestie@dence that thebesity-reducing effect of the school lunch
program for children with low socioeconomic backgroulads at least several years after they
graduateimplying the role of school lunch in preference and habit formation for low SES children,
consistent with the Japanese government’s policy to promote heatihg habitand food

knowledge through school lunch.

8. Conclusion and Discussion

We examine the causeffect ofa Japanesgchool lunch program ahe weght of junior-high
students usingata drawrfrom the 1975-199AINS. To account for possible endogeneitytiod
municipal provision of school lunch, we empl@iID frameworkthatcompare differences
betweerelementary anglinior-high studentacrosdistricts with and without school lundt junior-
high schools. Although &find nosignificant effectavhenthefull sample isused we findthat the
lack of school lunch significantly increases the BMI and obeatty ofchildren from low
socioeconomic backgroundd/e findlittle evidence that school lunch affects underweight
prevalenceimplying the variance-reduction effect of school lundme @besityreducing effect of
school lunch for low SES childreappears to lagit leasseveral years aftgraduation, suggesting
that the school lunch effect involves not odlyectchanges in caloric and nutritional contents but
also changes in behavior. Our findings are robust to propensity lsaseerimming andre-

weighting(IPTW), permutation testsjariousfalsification tess of the common trend assumption, and
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severakpecification testdNVe also preserthatmunicipal school lunch provision for junior-high
schoolss unrelated tahe growth pattern of elementary and presclebdtirenin the area

This study has the following policy implications. First, school lungth strict nutritional
requiremerd could reduce obesity. This findigconsistent with the literatune that, while
previous findings oMmericanNSLP and SBRire mixed, the majority of studies find obesity
reduction effect of SBP, which satisfystricter nutritional requirements th&tsLP (Gleason and
Dodd,2009; Millimet etal., 2010;Millimet and Tchernis, 2013pecond, the compulsory nature of
the Japanesschool lunch program, with its primary purpose of abolishing stigma, might play a key
role in obesity reductiobecause children withsirong preference for fattening food might avoid
school lunch ifa choice is allowedrhird, school lunch might have lortggrm obesityreducing
effects via preference and hafatmation,consistent witithe educational goals dhe Japanese
school lunch prograraf promotinggood eating habits and food knowledbgEPR 2013). Fourth,
the obesity redumn effects of school lunch for loBES children milgt have contributed tthe
absence asignificant income gradient in child obesity among elementary-school students (Kachi et
al., 2015)andthesmallincome gradient in child health in Jag&takamura2014).

We find beneficial effects of school lunch only for low SES children. From theesftig point
of view, this finding seems to justify means-testing. However, the compulsory naturelaptreese
program helps to avoid inefficiency due to ssdfection and social stigmaéhe setting where
everyone eats together also facilitates food education and potentially beingficial peer effects.
Meanstesting and allowing for choice need to be evaluated in further research.

Data limitation preverstus from using more recent data for this study, and future studies would
require theaccumulation omicrodata of childrenwith accurate information on both body
measurements arsethool lunchparticipation Additionally, previous studies finalpositive impact of

school lunch quality on academic performancthaUK (Belot and Jame£011) and US (Anderson
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et al.,2017), anddture researcincludes examining the effect of school lunch on other outcames

Japanincludingcognitive ability which is infeasible with our data.
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Figure 1. School lunckcenesn Japan

a) Students serving school lunch

N

SourceSchool Lunch at Oyodo Junior High, Osaka City,” March 8, 20éffieved from Asahi
Shimbun Photo Archive.

b) Students eating together

Source*School Lunch at Aoyama Junior High, Beppu City,” January 24, 2007, retrieved from
Asahi Shimbun Photo Archive.
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Figure 2. School lunch coverage rate for municipal junior-high students in 1985 by prefecture

[ ] o%-20%
[ ] 20%-40%
[ ] a0%-60%
[ 60%-80%
I s0%-100%

Source:National School Health Center #apan(1986)

Note: Shadedareadndicatethe prefectures excluded from our sample.
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Figure 3. lllustration of th®ID framework

Pre-treatment data: Post-treatment data: Junior-
Elementary students in the high students (12 to 15
fourth to sixth grades (9 to years old)

12 years old; all have

school lunch)

Treatment group: Districts
without junior-high lunch

Treatment:
No school lunch

Control group: Districts
with junior-high lunch

SChoO| grade e ——)

Note:In the Japanessompulsory education systefirst to sixthgraders attend elementary schools
and seventh to ninth graders attend junior highs. A child’s school gratteily determined by the
child’s age on April 2ndBecause th&INSis conducted in November each year, fourth to sixth

graderdsn our sample are 9 to 12 years old, #melseventh to ninth graders are 12 to 15 years old.
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Figure 4. Meansof height and BMhcrossage
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Figure 5. QantileDID estimate®f the effect of no school lunch

Full sample
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Figure 6. Qiantile DID estimatesf the effect of no school lunch for post-junior-high students

Full sample
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Tablel. Theproportion of students reporting school lunch by district

% of students who reported having school Elementary students Junior-high students

lunch at least once during the survey period

No student 36 (1.6%) 468 (20.6%)
more than 0% and less than 50% 23 (1.0%) 60 (2.6%)
50% or more and less than 100% 461 (20.3%) 252 (11.1%)
All students 1,752 (77.1%) 1,492 (65.7%)
Total number of districts 2,272 (100%) 2,272 (100%)

Note: The unit of observation adistrict The figures are based on tbemplebefore we exclude
districts withexactlytwo conflicting reportsand districts wher80% or less of elementary students

had school lunch (see Appendix Bjstricts withone or naepors are not included.
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Table2. Summary statisticOutcome variables

Elementary students

Junior-high students

Districts with no
junior-high lunch

Control districts

Districts with no
junior-high lunch

Control districts

Std. Std. Std. Std.
Mean Dev. Mean Dev. Mean Dev. Mean Dev.

(a) Full sample
Height (cm) 138.54 8.38 138.46 8.55 158.30 7.66 158.06 7.62
Height in z-score 0.034 0962 -0.031 0984 0.052 0.969 -0.018 0.982
BMI 17.170 2.400 17.304 2.475 19.657 2.744 19.629 2.646
BMI in z-score -0.032 0.930 -0.008 0.957 0.028 1.004 -0.004 0.956
POW -0.602 12.797 0.285 13.151 -0.068 13.558 -0.360 12.897
Obese (I0OTF) 0.069 0.254 0.077 0.267 0.062 0.242 0.059 0.235
Obese (POW) 0.069 0.254 0.079 0.270 0.071 0.257 0.066 0.248
Underweight (IOTF) 0.159 0.365 0.152 0.359 0.159 0366 0.155 0.361
Underweight (POW) 0.019 0.137 0.020 0.139 0.020 0.139 0.019 0.135
Number of children 2,081 7,713 1,778 6,699
Number of districts 498 1,767 498 1,767

(b) Children with non-white-collar fathers
Height (cm) 137.94 8.29 138.27 8.53 157.82 7.42 157.64 7.63
Height in z-score -0.034 0.953 -0.051 0990 0.017 0.945 -0.070 0.999
BMI 17.092 2.370 17.354 2532 19.793 2.801 19.629 2.684
BMI in z-score -0.050 0.907 0.021 0.987 0.090 1.028 0.001 0.972
POW -0.571 12.948 0.743 13.481 0.693 13.879 -0.250 13.024
Obese (I0OTF) 0.067 0.251 0.083 0.275 0.072 0.258 0.056 0.229
Obese (POW) 0.071 0.258 0.084 0.278 0.080 0.271 0.064 0.244
Underweight (IOTF) 0.164 0371 0.146 0354 0.148 0356 0.155 0.362
Underweight (POW) 0.019 0.135 0.021 0.142 0.022 0.147 0.016 0.127
Number of children 1,023 3,901 863 3,439
Number of districts 349 1,308 349 1,308

(c) Children with low household expenditure
Height (cm) 138.29 8.45 138.22 8.62 157.94 7.62 157.82 7.66
Height in z-score -0.049 0.990 -0.083 0.977 -0.018 0.966 -0.052 0.999
BMI 17.055 2.222 17.284 2.493 19.819 2988 19.666 2.680
BMI in z-score -0.102 0.857 -0.017 0.969 0.084 1.086 0.012 0.963
POW -0.994 11.862 0.375 13.182 0.687 14.769 -0.076 12.974
Obese (IOTF) 0.053 0.225 0.078 0.268 0.079 0.271 0.058 0.233
Obese (POW) 0.056 0.229 0.078 0.269 0.090 0.287 0.064 0.245
Underweight (IOTF) 0.162 0.369 0.154 0361 0.156 0.363 0.149 0.356
Underweight (POW) 0.016 0.125 0.020 0.139 0.015 0.122 0.015 0.122
Number of children 826 3,636 730 3,125
Number of districts 312 1,230 312 1,230
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Table3. Summary statistics€€ontrol variables

Dis_tricts_ with no Control districts N_ormalized

junior-high lunch difference
Variable Mean Std. Mean Std.

Dev. Dev.

Male 0.522 0500 0.515 0.500 0.014
Age 11.764  1.998 11.814 2.010 -0.025
Father's age 38.133 13.071 38.079 12.950 0.004
Father's height (z score by age, sex, and 5-year cohort) 0.024 0.851 -0.037 0.844 0.072
Father's BMI (z score by age, sex, and 5-year cohort) -0.017 0.865 0.013 0.846 -0.035
Father's height and BMI missing 0.256 0.436  0.252 0.434 0.009
Father: white-collar worker (the reference category) 0.356 0.478 0.343 0.474 0.027
Father: laborer 0.296 0.455 0.292 0.453 0.011
Father: self-employed 0.191 0.393 0.185 0.387 0.016
Father: agriculture/fisheries/forestry 0.053 0.223 0.078 0.267 -0.104
Father: other occupation (not working) 0.009 0.089 0.009 0.091 0.002
Without father in household 0.095 0.293 0.093 0.291 0.005
Mother's age 39.553 4.319 39.558 4.404 -0.001
Mother's height (z score by age, sex, and 5-year cohort)  -0.019  0.981 -0.073 0.974 0.056
Mother's BMI (z score by age, sex, and 5-year cohort) 0.000 0.926 0.093 0.997 -0.097
Mother's height and BMI missing 0.036 0.186 0.036 0.187 -0.001
Mother: white-collar worker (the reference category) 0.170 0.372 0.161 0.365 0.024
Mother: laborer 0.237 0421 0.245 0.427 -0.020
Mother: self-employed 0.136 0.342 0.130 0.334 0.019
Mother: agriculture/fisheries/forestry 0.056 0.227 0.094 0.288 -0.150
Mother: other occupation (not working) 0.402 0.485 0.369 0.478 0.067
Grandfather in household 0.165 0.371 0.204 0.403 -0.101
Grandmother in household 0.272 0445 0.317 0.465 -0.099
# of children in household (below 18 years old) 2276 0.813 2.310 0.777 -0.042
Per-member household expenditure ranking (defined
between 0.0 and 1.0 where 0.0 means households with 0.607 0.239 0.643 0.241 -0.147
highest expenditures in each survey year)
Number of children 3,859 14,412
Number of districts 498 1,767

Note: The last column shows the normalized difference between the treatment and coops! gr

All statistics are based on nonssing observation¥Vhen lmdy measurement data (height and BMI)
are missingdummies for the missing valuage usedn the regressimanalysis. Because the
household expenditure is reported in intervals that vary by survey year, we cahstpetcentage
rankwithin all households in each survey year for comparability across years. The ranking is

recorded irdescending order larger value implies a smallexpenditure.

47



Table4. District-level Logit regression oNoSchoolLuncldummy

Explanatory variable Model 1 Model 2
District: mean child height (z score) 0.201 (0.160) 0.054 (0.181)
District: mean child BMI (z score) -0.071 (0.202) -0.107 (0.232)
District: child obesity rate (IOTF BMI 25+) 0.409 (0.492) 0.233 (0.528)
District: child underweight rate (IOTF BMI 18.5-) -0.279 (0.623) 0.024 (0.687)
District: # of participants -0.001 (0.003) -0.001 (0.003)
District: proportion of ages 1-19 1.297 (1.409) 1.532 (1.540)
District: proportion of ages 40-59 1.098 (0.963) 1.307 (1.060)
District: proportion of ages 60+ 1.932* (1.121) 2.124* (1.266)
District: median per-member household expenditure -0.641 (0.405) -0.442 (0.460)
District: mean household size -0.030 (0.136) -0.124 (0.158)
District: proportion of laborer 0.209 (0.372)  0.090 (0.401)
District: proportion of self-employed 0.092 (0.441) 0.235 (0.487)
District: proportion of agriculture -0.296 (0.615) -0.752 (0.670)
District: proportion of working women 0.587 (0.389) 0.185 (0.449)
Prefectural population density (1,000 person/km?) 0.091 (0.159) -3.898**  (1.613)
Municipal size: 11 largest cities 2.927**  (0.273) 3.434***  (0.328)
Municipal size: cities with 150k+ population 1.602***  (0.192) 1.685*** (0.212)
Municipal size: cities with 50-150k population 1.375***  (0.200) 1.402*** (0.221)
Municipal size: cities with 50k- population 1.090***  (0.235) 1.109*** (0.256)
Region block dummies Yes No
Prefecture dummies No Yes

Year dummies Yes Yes

R? 0.153 0.268
Number of districts 2,117 2,075

Note: Standard errors are parenthesed he constantermis included in the model but omitted from
the table. The estimated coefficients for year dummies are presedtepandix 4(TableA4). The
reference category féhe municipal size dummies is towasdvillages thatfor theage composition
variabless the proportion ofages 20 to 39, and that fdine occupational compositiovariabless the
proportion of white-collar workers. iBtricts withless than fiveespondents of ageddl1 are
excludedfrom the sample Model 2 shows fewer observations than Model 1 because prefectures
without variation in thé&NoSchoolLuncldummyareomitted.*, **, and *** indicate statistical

significance at the 10%, 5%, and 1% levels, respectively.
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Table5. Effects of no school lunch
Panel (a)Junior-highOLS

Sample # children  # districts BMI BMI POW Obesity Obesity Underweight  Underweight
z-score (IOTF) (POW) (IOTF) (POW)
Full sample 8,470 2,262 0.047 0.020 0.170 0.001 0.003 0.003 0.003
(0.076) (0.028) (0.387) (0.007) (0.008) (0.011) (0.004)
Children with non-white-collar 4,299 1,654 0.234** 0.089** 1.004* 0.021** 0.020* -0.014 0.006
fathers (0.111) (0.042) (0.565) (0.010) (0.011) (0.015) (0.006)
Children with low household 3,853 1,540 0.131 0.059 0.574 0.017 0.025** 0.015 -0.002
expenditure (0.128) (0.048) (0.647) (0.012) (0.012) (0.018) (0.006)
Panel b): BaseDID
Sample # children  # districts BMI BMI POW Obesity Obesity Underweight  Underweight
Z-score (IOTF) (POW) (IOTF) (POW)
Full sample 18,271 2,265 0.093 0.032 0.767 0.007 0.007 0.002 0.005
(0.091) (0.035) (0.469) (0.009) (0.01) (0.014) (0.005)
Children with non-white-collar 9,226 1,657 0.403*** 0.152%** 2.076*** 0.031** 0.026* -0.023 0.010
fathers (0.135) (0.052) (0.707) (0.013) (0.014) (0.020) (0.008)
Children with low household 8,317 1,542 0.418*** 0.167*** 2.266*** 0.051*** 0.052%** -0.004 0.005
expenditure (0.152) (0.057) (0.774) (0.015) (0.015) (0.021) (0.007)
Panel (c): DID withPTW andpropensityscore trimming
Sample # children  # districts BMI BMI POW Obesity Obesity Underweight  Underweight
Z-score (I0TF) (POW) (IOTF) (POW)
Full sample 13,909 1,728 0.085 0.036 0.763 0.004 0.008 0.002 0.005
(0.111) (0.042) (0.562) (0.011) (0.011) (0.017) (0.005)
Children with non-white-collar 6,568 1,178 0.515%** 0.197*** 2.673%** 0.038** 0.042** -0.021 0.013
fathers (0.175) (0.066) (0.898) (0.017) (0.018) (0.023) (0.008)
Children with low household 6,305 1,175 0.535*** 0.223*** 2.913*** 0.061*** 0.056*** -0.016 0.012
expenditure (0.168) (0.064) (0.846) (0.016) (0.017) (0.025) (0.007)

Note: Standard errorslustered at the district levate in parentheseBor the list of control variables in each regression, see TaBleS3in

Panel (a) alscontrolsfor NNS-based districtharacteristictistedin Table 4 Thenumber ofdistrictsin Panel (a)s smaller than tht in Panel

(b) becaus®f missing district baracteristics*, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respgctive
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Table6. The falsification test: regression analysis of height

Panel §): BaseDID

Sample # children  # districts Height Height
z-score
Full sample 18,271 2,265 -0.002 0.002
(0.215) (0.033)
Children with non-white-collar 9,226 1,657 0.412 0.065
fathers (0.289) (0.045)
Children with low household 8,317 1,542 0.199 0.018
expenditure (0.344) (0.053)
Panel b): DID with IPTW andpropensityscore trimming
Sample # children  # districts Height Height
z-score
Full sample 13,909 1,728 -0.152 -0.022
(0.261) (0.040)
Children with non-white-collar 6,568 1,178 0.377 0.056
fathers (0.333) (0.053)
Children with low household 6,305 1,175 0.048 -0.004
expenditure (0.383) (0.059)

Note: Standard errorslustered at the district levate in parenthes. For the list of control variables

included in each regression, see Tablg **, and *** indicate statistical significance at the 10%,

5%, and 1% levels, respectively.

50



Table7. Effects of no school lunch for current and post-junior-high students

Panel (a): BasBID

BMI BMI POW Obesity Obesity
z-score (IOTF)  (POW)
Full sample NoSchoolLunch  0.085 0.028 0.756 0.006 0.007
(23,472 children, 2,265 districts) x JuniorHigh (0.089) (0.034) (0.461) (0.009) (0.010)
NoSchoolLunch  0.023 0.001 0.489 0.006 0.010
x PostJH (0.102) (0.04) (0.524) (0.011) (0.011)
Children with non-white-collar fathers NoSchoolLunch 0.380*** 0.143*** 2.002*** 0.031**  0.026*
(11,744 children, 1,657 districts) x JuniorHigh (0.132) (0.05) (0.691) (0.013) (0.014)
NoSchoolLunch  0.262* 0.092 1.524* 0.031*  0.025
X PostJH (0.152) (0.058) (0.769) (0.016) (0.016)
Children with low household NoSchoolLunch  0.349**  0.136** 2.101** 0.041*** (0.046***
expenditure x JuniorHigh (0.153) (0.057) (0.783) (0.015) (0.015)
(10,534 children, 1,547 districts) NoSchoolLunch 0.339** 0.139** 2.122**  0.022 0.027
x PostJH (0.166) (0.065) (0.832) (0.018) (0.018)

Panel (b): DID with IPTW and propensisgore trimming

BMI BMI POW Obesity Obesity
z-score (IOTF) (POW)
Full sample NoSchoolLunch  0.038 0.020 0.573 0.000 0.005
(17,987 children, 1,729 districts) x JuniorHigh (0.110) (0.042) (0.563) (0.011) (0.011)
NoSchoolLunch  0.141 0.060 1.185* 0.010 0.022*
x PostJH (0.131) (0.051) (0.672) (0.013) (0.013)
Children with non-white-collar fathers  NoSchoolLunch 0.513*** 0.202*** 2.791*** 0.031* 0.040**
(8,105 children, 1,121 districts) x JuniorHigh (0.177) (0.067) (0.908) (0.018) (0.019)
NoSchoolLunch  0.363*  0.142* 2.139*  0.020 0.028
x PostJH (0.200) (0.076) (1.025) (0.019) (0.019)
Children with low household NoSchoolLunch  0.451**  0.189*** 2.501** 0.047** (0.052***
expenditure x JuniorHigh (0.177)  (0.066) (0.904) (0.018) (0.018)
(7,571 children, 1,119 districts) NoSchoolLunch 0.661*** 0.260*** 3.467*** 0.032 0.041*
x PostJH (0.209) (0.082) (1.068) (0.024) (0.022)

Note: Standard errorslustered at the district level are in parentheBestJHis a dummy variable
for 15 to 17yearold students who are not junior-high students. Standard etustered at the
district level are irparentheseg$-or the list ofcontrol variables includeith each regression, see

Table 3.*, **, and *** indicate statistical significance at the 10%, 580d 1% levels, respectively.
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Appendices

Appendix 1. Details of the Japanese School L unch Program

Trends in school lunch provision

Official statistics ortrends in school lunch provision are drawn from the School Lunch Data Book
(SLDB) for 1978—-2004 and the Current Status Survey on School Me8SSM) for 20062015.

The SLDB ispublished bythe NationalSchool Health Center dgapanandthe CSSSM isonducted
by the Ministry of Education, Culture, Sports, Science, and TechnoldgXT).! We calculate
annual nationwide school lunch coverage rates as the fraction of municipal school stittients w
school lunchn all municipal school students.

Municipalities provide either “complete school lurictcomplementary school lunchgr
“milk -only school lunch.” “Complementary school lunch” provides dighegpt for staple foqd
and students bring steamed rice or bread on their owitk tly school lunch” only providesilk,
and students brintheirfood. Weusethe sum of tompleteschool lunch” and “complementary
school lunch” tacalculate the school lunch coverage rtteughthe latter has always been less than
onepercentfor both elementary and junitigh students.

Figure Al shows trends in the national school lunch coverage rate for municipal junior-high
students and in theoverage rate in our samphkes@efined in Subsection 4.2). Both lines show
similar increasing trends, although the latter is always higher than the fofmsedifference can be
explained by low school lunch coverage rates in prefectures excluded from our sampbelegkide
Appendix 3. The school lunch coverage rate for municipal elementary school students (nohshown i

the figure)has always been above p&rcentsince 1978.

Revisions in nutritional standards

L www.mext.go.jp/b menu/toukei/chousa05/kyuushoku/1267027.htm
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Nutritional standardén the Japanesschool lunch prograrhave been reviseglght timessince 1954.
During our study period (1975-1994), revismecurredonly once in 1986. In the 1986 revision,
threeyear age categories for elementary school children reptaced by twgrear categoriesarget
values for fa(17g, 20g, and 24g for age groups 6-8, 9-11, and ]12eddectivelywerereplaced
with the maximum percentage of energy intake from fat of 30 percent, and the targetsamoeint
slightly reducedor energy(e.g., from 850kcal to 820kcal for ages 12—14) and prééetn, from
369 to 32gor ages 12—14) Nozue 2011). he revsion did not cause significant changes in the

energy or fat contained in school lun®arusaka1996).

Optional school lunch programs

Since the 199Qghe Ministry of Educationhasallowed municipalities to make theschool lunch
programs optionads a temporary measure for schools tiaatenewly starédschool lunch programs
(Asahi Shimbun1996). Under an optional lunch program, students khaseoicebetween achool

lunch andahomeprepared lunch, which might hinder the estimation of causal effects of having school
lunch on child outcomes.During our study periodl975-1994 however, only a handful of
municipalitieshad optional programs&nd we remove all children who could have optional school

lunch from our sample, as detailed in Appendix 3.
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Appendix 2. Details of I nver se Probability of Treatment Weighting (IPTW) and Propensity-Score

Trimming

As a robustness checkewse IPTW and propensigeore trimming in the DID analysie balance
municipal characteristics between the treatment and control giroopder to make the common
trend assumption more plausibléne propensity scorefr IPTW and trimming are estimated ugin
a logistic regression model, in whittoSchoolLuncldummyis regressedn district characteristics
The unit of observation is a chil@ihe set okexplanatory variables closetgsembleshose in the
district level regression described in Subsection 4.4 but, following Imbens (2@&l&ge numerical
variables instead of dummy variables when possible, osignificant variablesand add interaction
terms of significant variablds increase thétness of the modeSpecifically, we control prefectural
population densitynd ainear time trendWe also contrdior the logged median population size for
each municipal populatiosize category obtained frof@tatistics BureguMinistry of Internal Affairs
and Communications (2012).

IPTW gives each subject a weight equal to the inverse of the probability ofi¢rdgghe

subject received. Thus, for students in disttittte weight equalgl— if dis a treatment district and
a

1
1-pg

if dis a control district, wherp,; denotes the propensity score of a lack of school lundh in

Propensity-score trimming excludes observations bas#ueg@mopensity scores tnsure sufficient
overlapin characteristicbetweerthe tieatnent and contradlistricts We define th&eommon support
as the interval between thst and 99th percentiles of the estimated propensity scores and exclude
from both the treatment and control groups observatlmatsareoutsideof the common support
(Stuart 2010). We also exclude observations whose estimated propensity score is smaller than 0.1 o
larger than 0.9 (Imbens, 2015).

In these procedures, we require the absolute normalized difference of all deatoqyl

variables used in the DID analysis between the treatment and control distbetiess than 0.25, as
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values above 0.2&re considered problematiRubin, 2001)Table A1 comparesiormalized
differences of individual and district characteristibgtween the treatmeand control groupbkefore
and after IPTWand trimmingfor the full sampleand thewo low-SES subsamples. Normalized
differences of individuatharacteristicgi.e., control variables in DID analysis) are shown in Panel
(a) and those of district characteristics are shown in Pan@&dti) panelsndicate thatPTW and
trimming reduce the absolute normalized differensgisstantially The absol normalized
difference occasionally increasdagyhtly after these procedurdsut it iswhen the originabalue is
small When the original absolute normalized difference is large, these procabivags reducd.
The absolute normalized differenad#sndividual characteristicare alwayselow 0.25, botlwith
andwithoutIPTW and trimmingfor all three samplesSome oflie raw absolute normalized
differences of district characteristics exceed @vithout IPTWand trimming but IPTW and

trimming reduceall of themto below 0.25.

Appendix 3. Details of Data Construction and Sample Selection
Identifying elementary and junior-high students

TheNNS questionnaire asks if children are in compulsory education but does not distinguish
between elementary afghior-high schoolsBecause a child’school grade in Japas strictly
determined by the child’s age on April 2mgg can use children’s age for this purpose eatggorize
6- to 11lyearold and 13- to 1%earold children in compulsory educatias elementary arjdnior-
high studentsrespectively The school grade of Iyarolds cannot be determined from the
information available in the NNS, but for those who are 12 years old in 1986wE&h use the
birth month informatioravailablein the Comprehensive Survey of Living Conditions (CSLC). The
CSLC isan annualargescale household surveggdministeredy the MHLW since 198@&ndcan be
merged to our NNS data becatise NNStarget population is subsampled fromatof the CSLC

Becausdhe NNS is conducted in Novembere categorizd.2-yearolds at the time of survegs
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elementary studenikthey areborn between April and October, and those born between December
and March agunior-high students. Wexcludel2yearolds for 1975-198%om the sample because
we cannot determinieir school grade. November-born yi@arold children in 1986-1994 surveys

are also excluded for the same reason.

SampleExclusion criteria

Our sample consists of 9- to ¥Barold children in elementargndjunior-high schools, excluding

all thel2-yearoldsin the 1975-1985INS andthe Novembeborn 12yearoldsin the 1986-1994
NNS, as described abovErom this sample, wexclude children in prefectures withigh

proportionof junior-high students attending non-municipal schools and children in Nagoya city in
1993 and 1994 sdetailedbelow. Next, ve limit our sample to children with valid information on
height and weight, and exclude a small number of children whose heigbtane exceeds.0 in
absolute valuewvhosePOW is—45 percent or lowefi.e., whose weight is 53ercent or lessf the
standard weighter-heigh); or whose POWs 100 percent or higher (i.e., whose weight is dooble
more ofthe standard weightr-height),as these values may reflect genetic growth disorders or data
coding error. These threshold values for POW folioedical guidelineghdicatingemergency
hospitalizatiorfor POW of—45 percentor lower (Suzuki, 2016nd metabolic surgery for PO
100percentor higher (Kawamura, 1995 smallnumber of children without a mothertime
household or without valid household expenditstaare also excluded. We further limit our
sample tachildren indistricts with at least one elementary student and one junior-high stadent,
required for DID Lastly, we excludechildren indistricts with unreliable school lunch information
due to conflicting otoo fewanswes, and children inlistricts where less than half éie elementary
school children report having school lunels detailedbelow in this Appendix. Figure A@resents

changes inhesample sizafter each step of these exclusion créteri
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Reasons for the time framestriction

The individuallevel data from the NNS is availaldte every year sinc&975. We do not ushe

NNS data collected after 199dr two reasonsFirst, after 1994 the food diany the NNScovers

only one day of each household’s choice from weekdays and Saturdays. Because our data do not
contain information on the day tife weekand school lunch is not served on Saturdays, our imputed
school lunch status will be understated due to the families who chose Saturtti@fdod diary.
Secondtheexpansion of optional school lunch prograsimsce the late 1990Gsbscurethe causal

interpretation of our estimatas detailed in ppendix 1 and in the next section.

Excluding municipalities with optional school lunch programs

As described in Appendix 1, municipalities that newly start school lunch programthafie€90s

are allowed to mak#heir school lunch program optional and give students a choice between school
lunch and home-prepared lunch (Asahi Shimbun, 1996%. i§potentially a concern to our analysis
becaus®ptional programs may attenuate tr@atmenteffectestimate. Among municipalities

included in our data, the city of Nagogiartedanoptional program on trial at seven of its municipal
junior highs in 1993 (Asahi Shimbun, 1993)eWentify children living in Nagoya in 1993 and

1994 using prefecture and municipal population size informatior&riddethose childrerirom

our final samfe. Two cities inthe Chiba prefecture, Funabashi and Matsudo, also started optional
school lunch programs before 1994 (Asahi Shimbun, 1993), but this is not a concern for our sample
becaus®ur sample does not include childrerthe Chiba prefecturdue to its high proportion of

junior-high students attending non-municipal schools, as explained below.

Municipal provision of school lunch
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From the individual reportsve only know whether a child had school lunch on certain days, and this
information does not necessarily accurately reflect municipal school lunch provisibe for

following reasons. First, some children might miss school lunch due to sickness auesitaar
activities such as excursienSecond, children might attend municipal schools outside of the
municipality. Third, a non-negligible number of junior-high students attend private and national
schools, and few of these schools provide school luNehpresume that the first type of
measurement g is small because we use the food diary of three consecutive days and because the
NNS instructs households to choose a survey péhaideflectehe household’s usudlet and avoid

a period with a special eveiithe second type of measurement error is also expected to be small due
to the strict Japanese school district system. Attending municipal schools otitbielenoinicipality

of residence is only permittédr special reasons such as geographic difficulties in commuting to the
designated scho@Nakamura2000). Somg@arents make a false resident registration so that their
children can attend municipal schools outside of the school digrict Mainichj 2015), but this is
illegal and uncommon. To address the third typmeasurement error, we exclude prefectures

where the proportion of junior-high students attending non-municipal schools i8bkitguse
information onthe school ownership type is nobllectedin the NNS we identify prefectures with a

high proportiorof junior-high students attending non-municipal schools using the number of junior-
high students by prefecture and ownership type ttem$chool Basic Survey conducted by MEXT.
Considering thathte proportion of junior-high students attending non-municipal schools has
increased over time, we exclude f@efectures where thgroportionis five percentor higher in

1994 Tokyo, Kochi, Nara, Kanagawa, Kyoto, Hyogo, Hiroshima, Osaka, Chibayiengistedin

the descending order of the proportion). This exclusion dropgp@bscéntof the observations.

2 http://www.mext.qo.jp/b menu/toukei/chousa01/kihon/1267995.htm
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We argue that our imputed school lunch status data are reasanabigte due to the
exclusion of these prefectures, the usthefmajority rule andthe exclusion ofdistricts with
insufficient information Additionally, we complemendurimputation with official statistics from the
School Lunch Data BoolkS({.DB). Specifically, weregard children iprefecturesvith 99 percentor
higher school lunch coverage, according to the SLDB, as having school lunch. For the years without
SLDB statisticsye apply the same imputation usihigearly interpolated values

Additionally, the comparison of the derived school lunch stattrsthe official statistics
confirms the reliability of our method\s describedn Appendix 1, municipalities’ school lunch
programs provide either “complete school luiickspmplementary school lunchgr “milk-only
school lunch.” According to SLDB, 57.6—66@rcentof Japanese municipal junior-high students
had “complete school lunc¢hQ.5-0.7percenthad “complementary school lunch,” and 18.9-26.5
percenthad “milk only school lunch” during our study period. Different types of school lunch
contents obscurthe causal interpretatiasf “having school lunch.We use “complete school lunch”
and “complementary school lunch” as the definition of school lunch in our andlysisot “milk-
only school lunch” because of its limited scope. However, the NNS does not include irdoromat
the type of school lunch, and hence whetherspondent’s report on school lurioithe NNS
compleswith our conceptual notion of school lunch warrants further investigatmexamine
which type of school lunch is captured in our school lunch status imputed from the NNS, we conduct
a prefecturgyearlevel regression analysia which we regresthe imputed school lunch status the
officially reported participation rates the three types of school lunchhe dependent variable is the
prefectureyearproportionof junior-high students who report having school lunch in our sartmple.
constructing this variableye relax the last two exclusion criteria in Figure A2 amdudedistricts
with too few and/or conflicting reporesddistricts where less than half of elementary students
report having school lunckromSLDB, we drawdata on th@refectureyearproportionsof

municipaljunior-high students who havedmpletg” “ complementary and“milk-only” school
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lunch. We then conduct aegression analysis in which we regréses variableconstructed from our
sample on théhreeSLDB variables

The results are shown in Tal#A2. The coefficients mtheproportions of students with
“completé and “complementaryschool lunch are both significantly positive and close to one,
implying that the vast majority dhesestudents report having school &m The coefficient of the
proportion ofstudents withmilk-only school lunch is not significant asismall in magnitude,
implying that fewof thesestudents report having school lunch. $ékndingsindicate thathe

school lunch information ithe NNS data closelyoincides with the sum of “complete school lunch

and “complementary school lunch,” which is our definition of school lunch.

Appendix 4. Additional Tables

Summary statistiosf the districtlevel data

TableA3 showsthe summary statisticsf the districtlevel dataJuniorhigh lunch is less common in
large municipalitiesAbout 28 percentof the districts with junior-high lunch arein cities with a
population 0f1l50,000 or more, whereavout 54percenipf the districts without juniehigh lunch are

in cities witha population of 150,000 or more.

Coefficients on year dummies in NoSchoolLunch Logit regression

TableA4 presents the estimated coefficientyeardummies of théloSchoolLunchegression, which
are not reported in Tablke Consistent with the overtime increase in school lunch coverage (Figure

Al), the estimated coefficientge significantly negative for most years since 1983.

Appendix 5. Further Robustness Checks

60



Permutation test

To address a concern aur DID analysis that correlatioamong children close in age and location
might lead to underestimation of standard errors, we implemenparametric permutatiotests in
the spirit of Bertrand et al. (2004) and Abadie et al. (20hGhis test, the treatmehtoSchoolLunch

is randomly assignetb controldistrictsholding the sam&equencyas in theoriginal sample and the
baseDID model is estimated based on the hypothetical treatment assignment. iRgihesaprocedure
many times yields thdistribution of theestimatedplacebo treatment effect. The resulting placebo
distributions from 1,000 random draws are shown in FicABefor (a) the full sample,(b) the
sulsample of children with newhite-collar fathers, andc) the sulsample of children with low
household expenditure Panels (nto (c), respectivelyThe vertical ed linesindicate theactual
estimate i.e., the estimatedireatment effecin the original estimationNumbersbelow each graph
showthe actual estimate anlde pseudd-value, defined athe frequency ratio of placelastimates
exceeding the actuaktimaten absolute terms. The results are highlgsistent with our main results
from the base DIpresented ipanel (b) ofTable 5.For BMI, BMI z-score, POW, and thevo obesity
measuresthe actuakstimatesn all three sampleare always in the rightil of thedistribution and

in both of the lowSES subsamples the pselRloalues are all smaller than 0.0&th the excepton

of one value of 0.068, while the pseudwaluesin the full sampleare all larger than 0.1. For both of
the underweight measurabe actual estimatesre around theniddle of the distribution, and the
pseudoP-values are all larger than Or all three samplesThese findings implyhatthe statistical
significance ofour estimated school lunch effectsnst due to themisspecification of correlation

structure

Adding interaction termwith JuniorHighdummy
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To address the potential violation of the common trend assumpedest a model witthe interadbn
terms of the JuniorHigh dummy with five-year perioddummies, municipal size dummies, and
prefectural population densityhese interaction terms awgeaccounfor the possibility thathanges
in the growth patterns after entering junior higthse tolifestyle alterations, such dsne spenton
studying andschool sports club activitiegliffer by urbanicity and survey timingBecause the
regression analysis dhe NoSchoolLunch dumnmgveals the significant effects of urbanicity and
surveyyears on school lunch stat(iBable 4) our results nght be confounded byhe differential
effects of attending junior highs on body weigktie estimateéffect forthe basd®ID and DID with
IPTW andpropensityscore trimming are shown FPanels § and p) of TableAb5, respectively. The
results are highly similar to those from the base models (baldenfirming that our results are robust

to this modification.

Similarly, we addhetriple interactions otheJuniorHighdummy, year dummies, and prefecture
dummies to the DID regrs®n model toallow for differential effects of attending junior high by
prefectureyear. The estimatectffects for the baseDID and DID with IPTW andpropensityscore
trimming are shown ifPanels § and p) of Table 46, respectivelyAgain, this modification causes

little change tdhe results, confirming the robustness of our results.

Synthetic control method

While the common trend assumption implies similartpeatment trends between the treatment and
control groups, mean BMI by age and gender presented in Figure 4 show small but noticeable
differences between groups in fireatment ages. To address thiaaan, we implemerd synthetic
control method proposed by Abadie et al. (2010) in which we create an artificial control drosg w
pretreatment trends are more similar to the treatment group than the original gootip. Using

aggregate panel datathe level of the treatment group and control subgroups, this method assigns
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weights to the control subgroups so as to minimize the differences in predictors béwveen t
treatment group and the weighted average of the control subgroups prior to the tredterent, w
predictors could include pre-treatment outcome values and other covariates hissmgight, an
artificial control group called the synthetic control group is constructed as thkteeiaverage of
the control subgroups. Based on the premise that thdrpasitaent path of this synthetic control
group approximates the counterfactual path of the treatment in the absenceedgtthertt, the post-
treatment outcome trends are compared between the treatment and synthetigi@uygs. To
obtain gatistical inferencef treatment effecéstimats, Abadie et al. (2010) also propose a placebo
test that treats each of the control subgroups as a placebo treatment group and apphdsetic
control methodhatregardghe actuatreatment group and the rest of the control subgroups as
placebo control subgroups.

We implement the synthetic control methodstimae the effect othe lack of school lunch
on age-specific means of BMI, BMiscore, and POW, as well as rates of obesity and underweight
under IOTF and POW definitions. Because this method requires control subgroups with
sufficiently large number of observations, we groigiSchoolLuncldistricts by five periods (1975
78, 79-82, 83-85, 86—89, and 90-94) and two regions (east Japan consisting of prefectures Nagano,
Niigata, Shizuoka, Yamanashi, and thosthteast of thesand west Japan consisting of
prefecturedo the west of these) to create ten control subgroups. Using this grouping, we construct
aggregate panel data at the level of the treatment group and control subgrouips age®f 7 to
11, 13, and 14Ve exclude 1earolds and 15¢earolds due to the small number of observations.
To ensura sufficiently long pretreatment periodve add 7 and 8yearold elementary studentsor
predictors, we use piteeatment values of the outcome variable and maternaj &l for obesity
and underweight outcomese also use prireatment values of BMd-score for IOTFbased

outcomes and those of POW for POW-based outcomes. Among predictors, tifeajonent
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outcome values are averaged for agedd7and age 11, and the other predictors are averaged over
the entie pretreatment ages ofto 11.

Figure Adpresentga) the results fothe full sample(b) the sutsample of children with nen
white-collar fathers, an€c) the sulbsample of children with low household expenditur®anels (a)
(c), respectively In the graphs on the lefblack lines plotthe gap inthe mean between thactual
treatmengroupand synthetic control grolggainst ageand gray lines show gaps betweengtaeebo
treatment group and the correspondsygthetic control groughenceforth the trend graph)The
vertical redline indicates age 12, the threshold age that divides elementary andhjighigtudents.
The graphson the rightpresentthe histogram of the ratio of paesto pretreatment measquared
prediction error (MSPE) for thactualand placebo treatment groups, whbeas with vertical red
dottedline indicate theactualvalueand other bars indicate the ten placebo valuessdy speaking,
if the actualvalue is larger than the ten placebo values, the null hypothesis of zero treatménteffec
be rejected at the 10 percent lew@Verall, the results are consistent with the DID results showein
main text In the full samplethe trend graphs show relatively small changes imthgalgap and the
histogramsdo notsupportsignificant postreatment changeén exceptions the obesity rate under
POW, with its histogram indicahg a significant postreatment changand the tend graph shoing a
moderate increase after age lilthe subsample of children with narhite-collar fathersthe trend
graphs show clear increases in dlotualgap after age 11 for BMI, BMAscore, POW, and the obesity
rates under both definition$he histograms also indicasggnificant postreatment changes for all of
these outcomewith the excepion of the BMI z-score where one placebo value exceededatigal
value.For the underweight rate under POW definition, the actual gap for the underwésgindar
IOTF definition decreases after age ahd according to the histogram this pweatment change is
statistically significantwhereasalmost no changes in tlaetualgap are observed the trend graph
and the histogram does maipportsignificant postreatment changefn the subsamplef children

with low household expenditurpostireatment increases are observed in the trend grapBivipr
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BMI z-score, POW, and the obesity rates under both definitions, and the histograms irghdatarsi
postireatment changes for all of these outcomes except for F@Wboth of the undweight
measuresthe postireatmentchanges in thactualgapappear small in the trend graphs andraoe

statisticallysignificant according to the histograms.

Relaxing theprefecture selectioariterion

Children in pefectures with ercentor more of junior-high students attending non-municipal (i.e.,
private or national) schools as of 1994 are omitted fromm@in analysisAs a robustness checkew
relax this glecton criterion to includegrefectures where thgroportion & betweerb and 10percent

The majority of the previouslgxcluded prefectures meet this criter{@hiba, Hiroshima, Hyogo,
Kanagawa, Kyto, Mie, Nara, and Osakand the prefectures excluded under this new criterion are
only Kochi (15.6percen} and Tokyo (22.®@ercen}. Theestimated treatment effedtem the DID
regressiorareshownin TableA7. The estimateceffecs are highly similar tahose with our

preferredselection criteriorshown in Table 5.

Exclusion of 12- and 1$earolds

Among 12yearolds,some are elementary and others are juhigh students, depending on the
birth month. Similarly among 15¢earolds,some are current and others are {pasior-high
studentsHence, our results might be affected by potential differentiatesf of the birth month on
children’s height and weight between the treatment and control gifbupsldress this concerngw
estimatethe DID models excluding 12- and $Barolds. Theestimatedreatment effestfrom the
DID regressionshownin Table A8, are highly similar to those without this exclusion shown in

Tableb.
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To assessheeffects of thebirth month on growth patterns, Figure A5 plgésradjusted
means of height by gender over age in month for the treatment and controlfgrabpsull sample
and the two lowsESsubsamples, where the age is aggregated by quarter of year. Children surveyed
before 1986 and November-born children are excluded because we cannot debsimage in
month. To adjust for differences in survey year composition byvegsubtract the gap betwetre
mean by year antthe aggregate mean from each vaagewe do for Figure Zhe verticalgray
dottedlines show the birth months during the second quarter, i.e., April throughBerause
children born orApril 2nd are the eldest in classd those born on Aprilsitare the youngest, under
the Japanese aggadesystem|f parents select tharth timingto exploit the relativege effect, the
selection effectvould likely leadto an increased difference in height between children born in the
first and second quartefSor all three sampleand for both gender#je influence othe birth timing
appears small, arlitle systematic difference ithe birth month effectss observedetween the

treatment and control groups.
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Figure Al. Trends ithe school lunch coveragatefor municipaljunior-high students
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Note: The nationwideoverage rates based on the School Lunch Data B¢8kDB) anddefined as
the share of municipal junior-high students who have school |Uiehsample coverage ratetle
share of junior-high students in districts with school lunch insaample For the discussion on the

difference between the two coverage rates, see Appendix 1.
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Figure A2.Sample exclusion criteria armthanges in theample size

Initial sample: 9- to 15-year-old children in compulsory education,
excluding 12-year-olds in the 1975-1985 NNS and November-born 12-
year-olds in the 1986-1994 NNS

Exclude children in prefectures with a high proportion of junior-high
students in non-municipal schools and children in the city of Nagoya in
1993 and 1994

Exclude children without valid information on height and weight

Exclude children with deviant height and weight

Exclude children without a mother in the household or without valid
household expenditure data

Exclude districts without elementary students and districts without
junior-high students

Exclude districts with conflicting or too few answers on school lunch

Exclude districts without school lunch for elementary school children
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Figure A3. Rrmutation tests:

Panel (a): Full sample

empirical distribut®aof placebcestimates
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Figure A3 (cont.)

Panel (b): Children with nonite-collar fathers
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Figure A3 (cont.)

Panel (c): Children with low household expenditure
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Figure A4. Results from the synthetic contoblysis

Panel (a): Full sample
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Note:In the graphs on the left, black ling®t the gap in the mean between the actual treatment
group and synthetic control group against age, and gray lines show gaps between the placebo
treatment group and the corresponding synthetic control grarpic&red linesindicateage 12 the
threshold age that divides elementary and junior-high students. The graphs on the righth@esent t
histogram of the ratio of post- to pireatment MSPEmean squared prediction erréoy the actual

and placebo treatment groups, where batis avertical red dotted line indicate the actual value and

other bars indicate the ten placebo values.
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Figure A4. (cont.)

Panel b): Children with nonwhite-collar fathers
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Note:In the graphs on the left, black ling®t the gap in the mean between the actual treatment
group and synthetic control group against age, and gray lines show gaps between the placebo
treatment group and the corresponding synthetic control grarficglred lines indicate age 12, the
threslold age that divides elementary and junior-high students. The graphs on the right present the
histogram of the ratio of post- to pre-treatment MSPE for the actual and placgbwetregroups,

where bas with a verticalred dotted line indicate the actwalue and other bars indicate the ten

placebo values.
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Figure A4. (cont.)

Panel ¢): Children with low household expenditure
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threslold age that divides elementary and junior-high students. The graphs on the right present the
histogram of the ratio of post- to pre-treatment MSPE for the actual and placgbwetregroups,

where bas with averticalreddotted line indicate the actualue and other bars indicate the ten

placebo values.
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Figure A5. Mean height ovexgein month

Full sample 1986-1994
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Note: The age is aggregated by quarter of year. Children surveyed before 1986 or born in November

are excluded for data reasoms. adjust for differences in survey year composition byage,

subtract the gap between mean by year and aggregate mean from each value. Thgragdictied
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TableAl. Normalized differencesf individual and district characteristics

Panel (a): Individual characteristics (control variables in DID analysis)

Variable Full sample Children with non- Children with low
white-collar fathers household expenditure

Trimming and IPTW-weighting No Yes No Yes No Yes

Male 0.014 0.012 0.028 0.053 0.013 -0.004

Age -0.025 -0.024 -0.045 -0.043 0.003 0.013

Father's age 0.004 -0.026 0.000 -0.052 0.004 0.010

Father's height (z score by age, 0.072 0.030 0.041 -0.003 0.048 0.036

sex, and 5-year cohort)

Father's BMI (z score by age, sex, -0.035 -0.006 -0.031 -0.035 -0.028 -0.022

and 5-year cohort)

Father's height and BMI missing 0.009 -0.002 -0.033 -0.069 0.017 -0.023

Father: white-collar worker (the 0.027 -0.011 0.013 -0.027

reference category)

Father: laborer 0.011 0.004 0.060 0.018 0.025 -0.001

Father: self-employed 0.016 -0.019 0.028 -0.059 0.023 0.000

Father: -0.104 0.022 -0.131 0.063 -0.096 0.043

agriculture/fisheries/forestry

Father: other occupation (not 0.002 -0.021 -0.002 -0.020 0.009 -0.011

working)

Without father in household 0.005 0.026 0.007 -0.001

Mother's age -0.001 0.011 -0.043 -0.048 -0.026 -0.009

Mother's height (z score by age, 0.056 -0.008 0.003 -0.038 0.028 -0.011

sex, and 5-year cohort)

Mother's BMI (z score by age, -0.097 -0.059 -0.073 -0.055 -0.097 -0.059

sex, and 5-year cohort)

Mother's height and BMI missing -0.001 0.021 -0.007 0.029 -0.013 0.004

Mother: white-collar worker (the 0.024 0.072 0.059 0.072 0.041 0.069

reference category)

Mother: laborer -0.020 0.045 -0.015 0.058 0.010 0.045

Mother: self-employed 0.019 0.004 0.019 -0.001 0.039 0.055

Mother: -0.150 -0.042 -0.167 -0.021 -0.168 -0.053

agriculture/fisheries/forestry

Mother: other occupation (not 0.067 -0.074 0.076 -0.088 0.048 -0.101

working)

Grandfather in household -0.101 0.021 -0.123 0.001 -0.073 0.059

Grandmother in household -0.099 0.035 -0.080 0.030 -0.050 0.093

# of children in household (below -0.042 0.002 -0.029 -0.028 -0.007 0.017

18 years old)

Per-member household -0.147 0.038 -0.172 -0.035 -0.186 -0.093

expenditure (defined as 100% =
families with lowest expenditures
in each survey year)

Note:None of the absolute normalized differences exceed 0.25. Occupational proportiottstrefer

proportion of 23- to 54rearold workersin each occupation.
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TableAl. (cont.)

Panel (b)District characteristics

Variable Full sample Children with non- Children with low
white-collar fathers household expenditure
Trimming and IPTW-weighting No Yes No Yes No Yes
Year -0.222 0.061 -0.246 0.003 -0.105 0.095
Prefectural population density 0.063 -0.126 0.082 -0.071 0.056 -0.151
(1,000 person/km2)
Logged municipal population size 0.729* -0.048 0.794* -0.021 0.686* -0.095
District: mean child height (z 0.111 0.124 0.102 0.065 0.124 0.091
score)
District: mean child BMI (z score) -0.031 0.044 -0.037 -0.002 0.009 0.051
District: child obesity rate (I0TF) -0.004 0.064 0.018 0.046 -0.023 0.001
District: child underweight rate 0.034 -0.028 0.054 -0.026 -0.020 -0.043
(I0TF)
District: # of participants -0.145 -0.075 -0.106 -0.093 -0.112 -0.039
District: mean age -0.080 0.170 -0.100 0.116 -0.044 0.238
District: median per-member -0.328* -0.041 -0.346* -0.097 -0.353* -0.093
household expenditure
District: mean household size -0.212 -0.011 -0.207 -0.025 -0.195 0.020
District: proportion of white-collar 0.059 -0.051 0.008 -0.131 0.094 -0.065
worker
District: proportion of laborer 0.021 0.039 0.070 0.062 0.044 0.019
District: proportion of self- 0.124 0.024 0.165 0.028 0.110 0.021
employed
District: proportion of agriculture -0.214 0.000 -0.213 0.030 -0.215 0.028
District: proportion of working -0.143 0.190 -0.133 0.197 -0.115 0.239
women

Note:* indicates absolute normalized difference exceeding 0.25. Occupational proportions tieée

proportion of 23- to 54rearold workers in each occupation.
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TableA2. Prefectureyear levelregression othe proportiorof junior-high students whbadschool
lunch

Variable Coefficients
SLDB proportion of students with complete school lunch 0.893**  (0.092)
SLDB proportion of students with complementary school lunch 0.947*  (0.458)
SLDB proportion of students with milk only 0.031 (0.107)
Constant 8.083 (8.863)
N 427
Adjusted R? 0.320

Note: Standard errors are in parentheses. The unit of observati@natectureyear The proportiorof
junior-high students whbadschool lunch in ouNNS sample isalculated at the prefectuyear level
and regressed on the proportions of those with the three types of school lunch in the offifial SL
statistics Both the regressand and the regressors are in percentagetérrand *** indicate
statistical sigificance at the 10%, 5%and 1% levels, respectively.

79



TableA3. Summary statisticsf the districtlevel data

Districts with no Control districts
junior-high lunch

Variable Mean  Std. Dev Mean Std. Dev
District: mean child height (z score) 0.015 0.360 -0.010 0.366
District: mean child BMI (z score) 0.001 0.395 0.010 0.370
District: child obesity rate (IOTF BMI 25+) 0.162 0.142 0.159 0.134
District: child underweight rate (IOTF BMI 18.5-) 0.118 0.115 0.113 0.108
District; # of participants 81.27 27.49 85.4 26.87 F**
District: proportion of age 1-19 0.316 0.067 0.309 0.070 *
District: proportion of age 20-39 (reference) 0.263 0.075 0.260 0.076
District: proportion of age 40-59 0.277 0.071 0.275 0.071
District: proportion of age 60+ 0.144 0.079 0.156 0.089 ***
District: median per-member household expenditure 0.503 0.184 0.571 0.189 ***
District: mean household size 4.152 0.582 4.291 0.630 ***
District: proportion of white-collar worker (reference) 0.386 0.207 0.370 0.208
District: proportion of laborer 0.346 0.192 0.345 0.188
District: proportion of self-employed 0.209 0.152 0.187 0.153 ***
District: proportion of agriculture/fisheries/forestry 0.059 0.141 0.098 0.173  ***
District: proportion of working women 0.573 0.188 0.608 0.197 ***
Prefectural population density (1,000 person/km?) 0.510 0.433 0.462 0.446 **
Municipal size: 11 largest cities 0.183 0.387 0.031 0.173  ***
Municipal size: cities with 150k+ population 0.362 0.481 0.248 0.432 ***
Municipal size: cities with 50-150k population 0.224 0.417 0.217 0.412
Municipal size: cities with 50k- population 0.096 0.295 0.103 0.303
Municipal size: towns & villages (reference) 0.134 0.341 0.402 0.490 ***
Region block: Hokkaido & Tohoku 0.171 0.377 0.184 0.387
Region block: Kanto 0.081 0.273 0.190 0.392 ***
Region block: Chubu (reference) 0.595 0.491 0.485 0.500 ***
Region block: Kinki 0.064 0.245 0.018 0.132 ***
Region block: Chugoku & Shikoku 0.090 0.286 0.123 0.329 **
Region block: Kyushu & Okinawa 0.252 0.434 0.194 0.395 ***
Year 1982.7 5.6 1984.2 5.5 k¥
Number of districts 469 1,648

Note: Occupational proportiongfer tothe proportion of 23- to 54rearolds in eacloccupationThe
number ofdistrictsis smaller tharthatin thefull sampleDID regressiorbecause 148 districts with less
than five children of age 1 to Hte removed from thsample *, **, and*** indicate statistically
significant differences in mearbetween the control and treatment distatthe 10%, 5%, and 1%

levels, respectively.
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TableA4. The estimated year effects from Logigression oNoSchoolLunch

Variable Modell (N=2,117) Model2 (N=2,075)
Year 1976 0.056 (0.299) 0.089 (0.335)
Year 1977 0.089 (0.319) 0.200 (0.377)
Year 1978 -0.248 (0.318) -0.138 (0.366)
Year 1979 -0.252 (0.334) -0.179 (0.364)
Year 1980 -0.424 (0.319) -0.359 (0.364)
Year 1981 -0.318 (0.336) -0.335 (0.385)
Year 1982 -0.536 (0.333) -0.344 (0.374)
Year 1983 -1.135**  (0.384) -1.127** (0.439)
Year 1984 -0.849**  (0.346)  -0.746* (0.392)
Year 1985 -0.710*  (0.345) -0.642 (0.401)
Year 1986 -1.129***  (0.340) -1.057*** (0.391)
Year 1987 -1.002***  (0.357)  -0.755* (0.409)
Year 1988 -0.788**  (0.338)  -0.684* (0.398)
Year 1989 -1.395***  (0.414) -1.365*** (0.466)
Year 1990 -0.958***  (0.368) -0.970** (0.440)
Year 1991 -0.718*  (0.356) -0.415 (0.408)
Year 1992 -0.844*  (0.371) -0.729* (0.431)
Year 1993 -1.312***  (0.418) -1.153** (0.466)
Year 1994 -1.203***  (0.448) -1.048** (0.522)
Region block dummies Yes No
Prefecture dummies No Yes

Note: This table presents the year effects estimated iNt&choolLunclh.ogit regression, which are
not reported in Table &Ahe reference year is 1973andard errors are in parentheses*, and ***

indicate statistical significance at the 10%,,%%d 1% levels, respectively.
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TableAb5. Effects of no school lunchnteractig JuniorHighwith urbancity variablesand period dummies

Panel §: DID + interaction terms

Sample # children  # districts BMI BMI POW Obesity Obesity Underweight  Underweight
z-score (IOTF) (POW) (IOTF) (POW)
Full sample 18,271 2,265 0.048 0.020 0.526 0.003 0.008 0.007 0.010*
(0.094) (0.036) (0.491) (0.010) (0.010) (0.015) (0.006)
Children with non-white-collar 9,226 1,657 0.402*** 0.156*** 2.1171%* 0.035** 0.032** -0.017 0.016*
fathers (0.145) (0.056) (0.760) (0.015) (0.015) (0.021) (0.009)
Children with low household 8,317 1,542 0.390** 0.158*** 2.023** 0.053*** 0.054*** 0.004 0.011
expenditure (0.155) (0.059) (0.795) (0.015) (0.015) (0.023) (0.008)
Panel b): DID with IPTW andpropensityscore trimmingt interaction terms
Sample # children  # districts BMI BMI POW Obesity Obesity Underweight  Underweight
z-score (IOTF) (POW) (IOTF) (POW)
Full sample 13,909 1,728 0.108 0.043 0.873 0.004 -0.002 0.002 0.003
(0.105) (0.040) (0.540) (0.011) (0.011) (0.015) (0.006)
Children with non-white-collar 6,568 1,178 0.546*** 0.21 1%+ 2.873%* 0.039** 0.039** -0.029 0.010
fathers (0.167) (0.064) (0.869) (0.017) (0.017) (0.023) (0.009)
Children with low household 6,305 1,175 0.507*** 0.206*** 2.645%* 0.057*** 0.053*** -0.009 0.007
expenditure (0.168) (0.064) (0.851) (0.016) (0.017) (0.023) (0.008)

Note: Standard errors clustered at the district level are in parentiesethe list of control variables included in each regression, see

Table3. *, **, and *** indicate statistical significance at the 10%, Sd 1% levels, respectively
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Table A6. Effects of no school lunchnteractng JuniorHighwith stateyearfixed effects

Panel §): DID + interaction terms

Sample # children  # districts BMI BMI POW Obesity Obesity Underweight  Underweight
z-score (IOTF) (POW) (IOTF) (POW)
Full sample 18,271 2,265 0.074 0.031 0.611 0.004 -0.002 0.018 0.003
(0.106) (0.041) (0.555) (0.011) (0.011) (0.016) (0.006)
Children with non-white-collar 9,226 1,657 0.438*** 0.182%** 1.943** 0.029* 0.017 -0.027 -0.002
fathers (0.168) (0.065) (0.881) (0.016) (0.017) (0.026) (0.010)
Children with low household 8,317 1,542 0.502%**  0.217*** 2.883*** 0.055*** 0.044** -0.006 0.005
expenditure (0.192) (0.072) (0.986) (0.018) (0.019) (0.027) (0.010)
Panel b): DID with IPTW andpropensityscore trimmingt interaction terms
Sample # children  # districts BMI BMI POW Obesity Obesity Underweight  Underweight
z-score (IOTF) (POW) (IOTF) (POW)
Full sample 13,909 1,728 0.093 0.033 0.719 0.003 0.000 0.034* 0.001
(0.128) (0.049) (0.674) (0.014) (0.014) (0.019) (0.007)
Children with non-white-collar 6,568 1,178 0.645**  (0.258*** 2.641** 0.054*** 0.036* -0.013 0.002
fathers (0.204) (0.080) (1.086) (0.020) (0.021) (0.031) (0.013)
Children with low household 6,305 1,175 0.670**  0.294*** 3.766*** 0.071*** 0.047** 0.007 0.001
expenditure (0.236) (0.088) (1.214) (0.022) (0.021) (0.033) (0.011)

Note: Standard errors clustered at the district level are in parentHesethe list of control variables included in each regression, see

Table3. *, **, and *** indicate statistical significance at the 10%, Sd 1% levels, respectively
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TableA7. Effects of no school lunch: Relaxing theefecture selection critem

Panel §): DID
Sample # children  # districts BMI BMI POW Obesity Obesity Underweight  Underweight
z-score (IOTF) (POW) (IOTF) (POW)
Full sample 24,460 3,148 0.011 0.005 0.307 0.003 0.006 0.001 0.006
(0.067) (0.026) (0.351) (0.007) (0.007) (0.011) (0.004)
Children with non-white-collar 11,723 2,179 0.255** 0.092** 1.426*** 0.030*** 0.028*** -0.009 0.012*
fathers (0.105) (0.041) (0.552) (0.011) (0.011) (0.016) (0.007)
Children with low household 11,076 2,086 0.274** 0.118*** 1.557*** 0.036*** 0.043*** -0.015 0.003
expenditure (0.1112) (0.042) (0.577) (0.011) (0.011) (0.017) (0.006)
Panel b): DID with IPTW and propensitgeore trimming
Sample # children  # districts BMI BMI POW Obesity Obesity Underweight  Underweight
z-score (IOTF) (POW) (IOTF) (POW)
Children with non-white-collar 9,274 1,686 0.323** 0.128** 1.955%*** 0.032** 0.038*** -0.002 0.015*
fathers (0.130) (0.050) (0.682) (0.014) (0.014) (0.019) (0.008)
Children with low household 9,695 1,770 0.339** 0.146*** 2.046*** 0.04 3+ 0.056*** -0.004 0.006
expenditure (0.139) (0.053) (0.726) (0.014) (0.014) (0.021) (0.007)

Note: Standard errorslustered at the district levate in parentheseBor the list of control variables included in each regression, see
Table3. In Panel (b)the esults for the full sample are omitted because IPTW and propagsitg-trimming failed to reduce the
normalized differences of individual and district charasties between the treatment and control groups below the threshold value of

0.25. *, ** and *** indicate statistical significance at the 10%, %t#tg 1% levels, respectively.
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TableA8. Effects of no school lunch: Excluding ¥2arolds and 15¢earolds

Panel §): DID
Sample # children  # districts BMI BMI POW Obesity Obesity Underweight  Underweight
z-score (IOTF) (POW) (IOTF) (POW)
Full sample 15,245 2,168 0.152 0.051 1.065** 0.013 0.013 -0.008 0.007
(0.101) (0.039) (0.524) (0.010) (0.011) (0.015) (0.006)
Children with non-white-collar 7,580 1,504 0.601*** 0.220*** 3.104*** 0.042*** 0.036** -0.043** 0.008
fathers (0.154) (0.059) (0.805) (0.015) (0.016) (0.022) (0.009)
Children with low household 6,718 1,380 0.504*** 0.199%** 2.696*** 0.057*** 0.056*** -0.026 0.003
expenditure (0.172) (0.066) (0.886) (0.017) (0.017) (0.023) (0.008)
Panel b): DID with IPTW and propensitgeore trimming
Sample # children  # districts BMI BMI POW Obesity Obesity Underweight  Underweight
z-score (IOTF) (POW) (IOTF) (POW)
Full sample 11,831 1,665 0.183 0.073 1.236** 0.008 0.012 -0.019 0.003
(0.120) (0.046) (0.613) (0.013) (0.013) (0.018) (0.005)
Children with non-white-collar 5,471 1,069 0.683*** 0.256%** 3.530%** 0.045** 0.046** -0.038 0.008
fathers (0.191) (0.073) (0.971) (0.019) (0.020) (0.026) (0.009)
Children with low household 5,422 1,104 0.705*** 0.284*** 3.691x* 0.068*** 0.068*** -0.032 0.010
expenditure (0.189) (0.072) (0.953) (0.018) (0.019) (0.026) (0.008)

Note: Standard errodustered at the district level are in parentheBes the list of control variables included in each regression, see

Table 3.*, **, and *** indicate statistical significance at the 10%, 586d 1% levels, respectively.
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