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1 Introduction

Nutrition affectslabor productvity and economicgrowth in several differentways. Among
adultscurrentnutritional statusaffectsthe durationof labor force participationandthe intensity
of work effort. Pastnutritional statuspredictsthe probability of developingchronicdiseasesand
consequentlynfluencedaborforce participation.Recentwork by economistdiasbegunto reveal
the profoundimpactsof inadequatenutrition on labor force participationand economicgrowth.
Onthe basisof historicalevidencefrom the late 18th CenturyFogel (1994a,1994b)hasrevealed
thatlargenumbersof peoplein EnglandandFrancewerepreventedfrom participatingin thelabor
force becausef low levels of enegy consumption.Fogel estimateghat roughly 30 percentof
the growth of per capitaincomein Britain betweenl1790and 1980 (Fogel, 1994a: 383) canbe
attributed to improved nutrition. In its study of the economiccostsof malnutritionthe World
Bank estimatedhatin 1990 protein-enggy malnutrition,vitamin A deficieng, iodine deficieny
andanemiacauseda directlossof 46 million disability adjustedife years(DALYS). This figure
increasesubstantiallyif onetakesinto accounthemortality from otherdiseasethatareattributed
to mild or moderatemalnutrition (World Bank, 1993: 76-77). Childhoodnutrition affectslong
run healthstatusandlearningabilities which may have furtherimplicationsfor productvity and
economiaogrowth (Pollitt,1990).

The relationshipbetweemutrition and productvity andits implicationsfor economicgrowth
and developmentcontinuesto be an important considerationfor mary developing economies
whosepopulationsarestill frequentlyunableto meettheir enegy requirementsln recentdecades
several economistdhave attemptedo quantify the economiccostsof inadequateutrition in de-
veloping economies.Two distinct strandsof inquiry canbe identified from amongthe body of
literaturethathasemepged. Thefirst focuseson thelink betweershortrun (calorieintake) versus
long run (height) indicatorsof nutrition statusand productvity. The secondexaminesthe rela-

tionship betweernillness and productvity 1. This paperattemptsto reexaminethe link between

LA concretetheory linking wagesand productvity advancedby Leibenstein(1957)andater refinedby Stiglitz
(1976),andBliss andStern(1978a)is consideredo have laid thefoundationdor the economicstudyof nutrition and
productiity.



nutrition andlabor productvity usingsurwey datafrom rural Bangladesh Specificallyit will in-
vestigatevhethemutrition andhealthstatusasreflectedby heightarerewardedin the wagelabor
marketin BangladeshBangladesiprovidesanideal casestudysinceits agriculturalsystemdom-
inatedby wetrice cultivationis laborintensve. Moreover, the dietarydeficiencieof bothmacro
andmicro nutrientsprevailing amongsits populationareamongthe mostseverein Asia.

Commencingwith a brief review of empirical studieson the nutrition-productvity link, this
paperwill thenoutlinethe underlyingtheoreticaimodel. Thefollowing sectionswill describehe
empiricalmodelanddata.Thefinal sectioncontaingheresultsandconclusions.
2 Empirical Studies of Nutrition, Health and Labor Productivity

Strausss study of the effect of nutrition on labor productvity in rural SierraLeonewasone
of the first attemptsto testthe nutrition productvity hypothesisusing total farm output asthe
measuref productvity (Strauss1986). Thestudyestimated Cobb-Douglagproductionfunction
to testthe hypothesisthat farm outputis a function of effective family and hired labor hours,
variablenon-laborinputs, fixed capitaland land. Effective labor hourswere specifiedas being
a quadraticfunction of daily caloric intake per consumerequialent. Strausss resultsconcluded
that caloric intake exerteda significantpositive effect on farm labor productvity with a calorie—
outputelasticityof 0.34(Strauss1986:314)atthesamplemean.Thestudyalsofoundevidenceto
supportthe theoreticahypothesighatenegy intake andproductvity arerelatedvia an S-shaped
function. At daily intakesperconsumeequialentof 1,500caloriesthe outputelasticitywas0.49.
Whenenegy intake reached},500caloriesoutputelasticityfell to 0.12.

Employing householdsurney datafrom India, Deolalikar (1988) was able to estimateboth
a wage equationand a farm productionfunction in orderto explore the empirical relationship
betweennutrition and productvity. Deolalikar’s (1988) studyfound that enegy intake or short-
run nutrition statuswas not a significantdeterminanof wagesor farm output. However, weight
for heightas measuredn Kg/cm was a statistically significantpredictorin both the wageand
productionfunction equations. Theseresultssuggestthat while the humanbody can adaptto

inadequatenutrition in the short-run,it cannotadaptto it aseasilyin the mediumor long-run



(Deolalikar 1988: 412). Further asmentionedby the author it may be thatweight-forheightis
a betterindicatorof nutritional statusthancalorieintake. Sahnand Alderman(1988)considerthe
effectof nutrition statusonruralwagesn Sri-Lanka.Theauthordind thatpercapitacalorieintake
hasa positive and significantimpacton productvity for men, but not for women. Behrman&
Deolalikar(1989)reexaminethe nutrition—productity hypothesidakingseasonabariability into
considerationFor the Indiansampleusedin this studytheresultsdemonstratethatwhile calorie
intake wasimportantin determiningwagesin peakseasongthe elasticitywas0.27), weight-for
heightwasmoreimportantduringthe slackmonths(elasticityof 0.67).

Utilizing datafrom thePhillipines,HaddadandBouis(1991)examinethenutrition—productvity
hypothesiausingheightasa predictorof long-runnutritional statusandtestingbetweerdifferent
modelswhich take both unobseredtime-invariantandtime-varying heterogeneitynto consider
ation. For the Phillipine sampletheir studyfound that while heightis a significantpredictorof
wages,enepgy intake asdeterminedrom a 24 hourfood recall surwey wasnot a significantpre-
dictor of wages.More recently ThomasandStrausg1997)simultaneouslyexplore the impactof
four separateimensionsof healthon urbanwagesin Brazil. Using householdsurwey datafrom
1974-1975heir studyempiricallyteststherelationshipbetweerwagesandpercapitacalories per
capitaprotein,BMI 2 andheight. The resultsof this studyconcludethatheightis associatedvith
higherwagesfor both self-emplyed menandthosewho work in the market sector Beingtaller
andhaving a higherBMI howeveris rewardedmostin self-emplyment. As theauthorselaborate,
mary of the self-emplgyed in urbanBrazil work as manuallaborersand returnsto strengthare
sizeable.

3  TheUnderlying Economic Model
Theimpactof nutrition andhealthonlaborproductvity canbe examinedundertheframewnork

of a Agricultural HouseholdModel. 2

2BMI refersto the body massindex whichis equalto (weight /(height)?). Weightis generallymeasuredn kilo-
gramsandheightin metres.
3seeSingh,Squire& Strauss1986.



We canassumehata householdointly maximizesutility suchthat:
U=UX%Y,l)
U(.) = ThehouseholdJtility Function
X¢ = Householdconsumptiorof food (calorieintake)
Y = Householdconsumptiorof non-fooditems

| = Householdconsumptiorof leisure

The Householdmaximizesutility subjectto certainproductionfunctions,time and budgetcon-
straints.

The FarmHouseholdProductionFunctionis asfollows:
X = f(L%Ln,V,A)
X = Farmoutput
L® = Householdaborin efficiency units*
Ly, = Hired Labor
V = Vectorof variablenon-laboragriculturalinputs

A = Vectorof fixedfactorsin agriculture
* As pertheefficiency wageliteratureL® = L g(X®).

L reflectshoththequality g(X©) andquantityL s of laborsuppliedby thefarmhouseholdL ¢
representgamily laborhours.(In this paperaborquality is reflectedby height(anindicator
of long run healthstatus).

Thetime constraint:
T=L¢t+Lo+l|
T = Total Healthytime availableto the Household*
Ls = Labortime onthefamily farm
Lo = Family laborhired out

| = Householdconsumptiorof leisure

* Total Healthytime is equalto TT (total time endavment)— TS (sickdays).Alternatively
we couldwrite total time to be a function of food consumptiorandhealthstatusi.e. TT =
f (X% ). Thisfollowsfrom thework of Grossmar{1972:227).



TheBudgetConstraint:
PXS+RY +wly = PX+w Lo — RV +E
P = Priceof food
R, = Vectorof pricesof variableinputs
Py = Vectorof pricesfor non-fooditems
w = Wageperclock hourfor hiredlabor
w’ = wageperclock hourfor family labor

E = Exogenousncome

w' =wPg(.) wherew? is wageperefficiengy hour
Combiningthetime andbudgetconstraintwe derive the full-income constraintsuchthat:

PXC+RY + WLy = PX+w (T—Li =) =RV +E
ThelLagrangiarfor the optimizationproblemcanthusbewritten as:
£=U(XSY, 1)+ A(PX(LE Ly, V,A) +W (T —Lf —1) = BV + E — BXS— BY —wLy)

Thefirst ordernecessargonditionsfor the utility maximizationproblemare:

@) HANPLI KL +we (T —Li—1)-P) <0

(2 & -AR) <0

(3) ARG —w) <0

(4) APt —w) <0

(5) )\(Pvg—i; -R) <0

(6) (PX(LELp,V,A) +wf (T—Lf—1)-RV+E—-RX°—RY —wLy) >0
Condition4 is of particularinterest. % = PX%. The wageper efficiengy houris equalto the
maiginal valueproductof efficiencgy labor.

4 TheEmpirical Model and Data
Basedon the premisethat wagesreflectthe mamginal productvity of labor this studyinves-

tigatesthe link betweennutrition, healthand labor productvity by estimatingwage equations



for individuals participatingin the wagelabor force in Bangladesh.The study estimatessemi-
logarithmic wage equationsfor adult men and womenpostulatingthat wagesare a function of
variousindividual characteristicsheight, householdcharacteristicseducation total land owned

by thehouseholdandthe season.

InWage = ap+ a1 X + aHeight + agY D

X is avectorof individual characteristicsandY is a vectorof householdccharacteristicsuch
aslandownershipandnon-laborincome.

Separatevageequationsare estimatedor thoseemployedin the agriculturallaborforce and
thoseemployedin theruralnon-agriculturalaborforce. TheHeckmarproceduras usedto correct
for self-selectiorbiasin the wageequationgdGreene Madalla). At the currenttime heightis the
only variableusedto representhe stockof nutritionalandhealthstatus.Previous studiesHaddad
& Bouis(1991), Thomas& Strausg1997))haefoundthatheightis agoodmeasuref cumulatve
healthstatus.Furtherwork is beingpursuedo include multidimensionaimeasure®f health,but
no resultsarereportedat this stage.

Therecognitionthatindicatorsof nutritionalstatussuchascaloricintake, BMI andweight-for
heightareendogenousariablesn wageor productionfunctionestimationhasbeenanimportant
considerationn studieswhich have empirically testedthe nutrition—productwity link. Endogene-
ity in nutrition—productvity estimatesarisesdueto unobseredtime invariantheterogeneitye.g.
geneticendavment),time-varying heterogeneityseasonalityandmeasuremenrgrror) andthe si-
multaneousleterminatiorof wagesandnutrientintakes/healttoutcomesAs aresultof endogene-
ity, estimationvia ordinaryleastsquaregOLS) leadsto biasedestimates.In this studyheightis
assumedo be exogenousasedonthefactthatheightis predetermineduringadulthood.

Theestimationsn this paperarebasedn householdsurwey datacollectedin rural Bangladesh
by the InternationalFood Policy Researchnstitute (IFPRI), the Bangladeshnstituteof Develop-
mentStudies(BIDS) andthe Institute of Nutrition and Food Science(INFS) at the University of

Dhakaaspartof a collaboratve projectto studythelinkagesbetweenragriculturalproductionand



nutrition outcomesn BangladeshA majorobjective of the studywasto determinethe feasibility
of improving nutrition andhealthstatushroughfood basedstrategies(commercialvegetablepro-
ductionandpolyculturefish production)asopposedo fortification or supplementatioprograms
which in the pasthave provento be very costlyanddifficult to implement.The datawascollected
over a 15 monthperiodin four separateoundscoveringan entireagriculturalcycle? A total of
956householdsvereinterviewedin threesuney sitesin BangladeshmpamelySaturiaMymensingh
andJessoreThethreesitestogethercover 49 villagesand4 thanagadministratve subdvisions)
of Bangladesh.For a detaileddescriptionof the samplingmethodologyseelFPRI, 1998. The
datasetis particularlysuitablefor addressingheresearclobjectvesof the proposedtudysinceit
containgdetailedinformationon variousaspect®f agriculturalproductionin additionto providing
estimate®f householdood consumptionanthropometryandmorbidity.

Table 1 provides a breakdavn of householdsemployed in agriculturaland non-agricultural
wagelaborin the sample. Approximately31% of householdsn the sampleparticipatein some
form of agriculturalwagelaborand20% of householdgarticipatein non-agriculturatvagelabor.
The primary tasksperformedby agriculturalwagelaborinclude harwesting,weeding,ploughing
andtransplanting.In this sample94% of agriculturallaboris employedin the four abose men-
tionedactiities. Non-agriculturalwagelaboris involvedin a variety of tasksrangingfrom load-
bearing,roadrepairing,andcarpentry As would be expected householdsvith lowerincomesare
morelik ely to participatein rural wagelabor. °

Asreflectedn Table2, few womenin rural Bangladesliparticipaten wageemployment. There
is alsoevidencethaton averagewomenearnlessthanmenin the wagelaborforcein Bangladesh.
In this sample womenaremorelikely to participatein non-agriculturalwagelaborthanin agri-
culturalwagelabor. Earthcuttingandworking asa maid senantwerethe tasksmostcommonly

performedoy women. Thewagerateis a daily wageaveragedacrossall agricultural/noragricul-

4Thefirst round of datawas collectedbetweenJune26, 1996 and Septembefl 7, 1996. The subsequentounds
took placebetweerOctoberl8 andDecembef7,1996,Februaryl5 andMay 5, 1996andJune26 andSeptembep4,
1997.

SMonthly percapitaexpendituresareusedasa proxy for income.



Table 1. Breakdown of Households Participating in Agricultural
and Non-Agricultural Wage L abor by Expenditure Terciles.
\ Agricultural \ Non-Agricultural
ExpenditureTercile | Tercilel| Tercile2 | Tercile3 | Tercilel| Tercile2 | Tercile3
Roundl 139 105 54 78 45 28
Round2 117 76 51 76 56 26
Round3 115 75 49 100 58 38
Round4 126 83 63 82 58 31

tural tasksandweightedby the proportionof time spentby individualsin differentactiities. The
agriculturalwageratereportedby the BangladestBureauof Statisticsfor 1997wasapproximately
50 Takaacrossll Divisionsin Bangladeshvhichis comparabldéo thewageratescomputedn this
study Regionalvariationsin the agriculturalwagerate alsomatchthe variationsreportedby the

Bureauof Statistics.

Table 2. Participants by Gender and Average Wage Ratesin the Wage Labor Force in Bangladesh
Saturia Mymensingh Jessore
Agriculture Non-Agric. Agriculture Non-Agric. Agriculture Non-Agric.
Female [ Male | Female| Male | Female| Male | Female| Male | Female| Male | Female| Male
Numberof 20 417 71 241 0 77 2 69 20 500 23 200
Individualsacross
all rounds
AverageWageRate 33 64 27.9 66.3 57 14.5 53.77 35 50 34.14 | 55.52
Standardeviation 19 20 9.6 31.36 14 6.36 21.57 18 15 22.46 12.34
41 Results

Table 3 summarizeghe variables(and samplemeans)usedin the regressionanalysisin this
paper The sampleusedin the final analysisconsistsof 8,127 adults,of whom 818 work in the

agriculturalwagelaborforceand483in the non-agwagelaborforce.



Table 3. Descriptive Statistics of Variablesused in the Regression Analysis

VariableLabel VariableDescription Meanof Variables

Full Sample
Age Agein years 36.47
Age? Age squared 1559.38
Sex Gender0-malel-female 0.508
Height Heightin centimeters 155.71
Education Yearsof schoolingcompleted 3.33
Totlown Totalland ownedby the HH (in Decimals) 158.42
Non-Labor Non-laborincomepercapita(in Taka) 680.82
Sanitation Scorefor HH Sanitation& Hygiene 29.66
Head Householdchead 0.31
Son Sonof householdhead 0.22
Saturia Dummyfor suney site 0.38
Mymen Dummyfor suney site 0.26
HHsize HouseholdSize 6.51
InfO5 Numberof infantsO-5yrs 0.65
Child69 Numberof children6-9yrs 0.51
Roundl Suney rounddummy 0.26
Round2 Suney rounddummy 0.25
Round3 Suney rounddummy 0.25
Numberof Obserations 8172

Table4 summarizeshe resultsof the first stageprobit estimatesvhich determinethe proba-
bility of participatingin the agriculturalandnon-agriculturalagelabor forces,respectiely 6. A
numberof importantfeaturesare evident from theseresults. Firstly, the ownershipof landis a
significantdeterminanof whetheran individual participatesn the wagelaborforce. Non-labor
income (the sum of remittanceincomes,gifts receved andrelief income)is alsoa negative and
significantpredictorof participationin the rural wagelabor force. Height, usedasa proxy for
the stock of health,is negative and significantin the agriculturalwagelabor force participation
eqguation. Adults with a higherstock of health(asreflectedby height) arelesslikely to partici-
patein theagriculturalwagelaborforce. ThevariablesHEAD andSONrepresentherelationship
to the householdhead. HEAD representshe householcheadand SON representshe sonof the

householdead.In bothlaborsupplyequationghesevariablesarepositive andsignificant.

61n the probit equationsL=participatiorin thewagelaborforce,0=non-participatiorin thewagelaborforce.

9



Table 4. Labor Supply Equations.

| Agricultural WageLabor | Non-AgriculturalWageLabor

Constant 5.1039 -0.5699
(6.119) (-0.658)
Age 0.0344 0.0712
(2.869) (5.113)
Age? -0.0005 -0.0009
(-3.861) (-5.606)
Sex -2.138 -0.8697
(16.841) (-7.455)
Height -0.0168 -0.0012
(-3.611) (-0.257)
Education -0.1109 -0.0656
(-12.738) (-6.920)
Totlown -0.0022 -0.0016
(-7.005) (-5.130)
Non-Labor -0.0002 -0.0002
(-4.424) (-4.760)
Sanitation -0.0223 -0.0177
(-4.191) (-3.179)
Head 0.2984 0.3433
(2.483) (2.882)
Son 0.3811 0.3888
(3.263) (3.234)
Saturia -0.1785 0.3012
(-3.329) (5.270)
Mymen -1.3972 -0.4431
(-12.021) (-4.342)
HHsize -0.0456 -0.0434
(-2.899) (-2.554)
InfO5 -0.0688 -0.1129
(-1.662) (-2.561)
Child69 -0.0117 0.1284
(0.263) (2.901)
Round1l 0.1652 -0.0525
(2.355) (-0.693)
Round2 -0.0562 -0.1037
(-0.775) (-1.352)
Round3 -0.1611 0.1048
(-2.184) (1.438)
Psuedd?? = 0.41 Psuedd?? = 0.246
X2 = 216950 X = 886.90
p = 0.0000 p = 0.0000
Z-statistican parentheses

10




Following the estimationof the labor supply equationswageequationsvere estimated.The
resultsof the wageequationsare summarizedn Table5. In the agriculturalwagelabor force,
genderheight,theamountof landowned,surey site,andseasoraresignificantpredictorsof wage
labor The resultsin Table5 confirm thatwomenearnsignificantlylessthanmen. Agricultural
wagesare lowestin round 2 possibly depictingthe seasonalityin rice prices’. While thereis
a conspicuousvariation in agriculturalwage ratesacrossseasonsno suchtrend is obserable
for non-agriculturabagelabor. SANITATION is a compositescorerepresentinghe household
environmentand sanitationconditions. SANITATION is a significantdeterminanbf whetheror
not an individual participatesn wagelabor force, althoughit is not a significantdeterminanof
wagerates.Finally, it would appeathatin rural Bangladeshhealthstatusasreflectedoy heightis
rewardedin boththeagriculturalandnon-agriculturaivagelabormarkets.In bothwageequations
the variableheightis significantand positve. Sampleselectionbias as capturedby (IMR) the
InverseMills Ratiois significantin the non-agriculturalvageequation put notin the agricultural
wageequation.

5 Summary and Conclusion

This paperhastried to determinewvhethemutrition andhealthstatusasreflectedoy heightare
significantpredictorsof participationin the agriculturaland non-agriculturalwagelabor forcein
rural Bangladeshandwhetherealthis rewardedin wagemarketsin BangladeshThepreliminary
analysisrevealsthat nutrition and healthstatusasreflectedby heightis a significantdeterminant
of labor force participationin agriculturalwagelabor, the sameis not true for non-agricultural
wagelabor. Moreover, personswith a larger stockof healthasreflectedby heightare rewarded
in thewagelabormarket. Furtheranalysiswill be carriedout with multidimensionameasuresf
healthand nutritional statusto determinethe robustnesf theseresultsand explore otherfacets
of healthandnutritional statuswhich contribute to improvedlabor productvity. Futurework will
alsoinvestigateghesynenqistic relationshigbetweemutrition andillnessandtheimportanceof diet

diversity.

"Ricepricesarealsothelowestin round2 acrossvillagesin the survey sample.
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Table 5. Wage Equations. Dependent variable (Inwage)

| Agricultural WageLabor | Non-AgriculturalWageLabor

Constant 3.7422 3.3048
(-11.064) (6.126)
Age 0.0029 0.0319
(0.656) (3.286)
Age® 0.0000 -0.0004
(-0.540) (-3.540)
Sex -0.5153 -0.8372

(-5.078) (-11.526)
Height 0.0043 0.0053
(2.364) (1.763)
Totlown 0.0004 0.0002
(2.344) (0.837)
Sanitation 0.0009 0.0007
(0.422) (0.188)
Saturia 0.2280 0.1447
(10.631) (3.616)
Non-Labor 0.0000 0.0000
(0.762) (-1.274)
Mymen 0.1735 -0.0868
(2.266) (-1.070)
Hhsize -0.0049 -0.0167
(-0.915) (-1.583)
Round1 -0.1009 -0.0792
(-3.706) (-1.603)
Round?2 -0.1612 -0.0501
(-5.731) (-0.985)
Round3 -0.1359 0.0034
(-4.628) (0.072)
IMR -0.0178 0.1684
(-0.396) (2.834)

R?>=.279 R’ = 0.404

F[14,803 = 2216 F[14,469 == 2264
p = 0.0000 p = 0.000
T-Statisticsan parentheses
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