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1 Introduction

Nutrition affects labor productivity andeconomicgrowth in several differentways. Among

adultscurrentnutritional statusaffectsthe durationof labor force participationandthe intensity

of work effort. Pastnutritionalstatuspredictstheprobabilityof developingchronicdiseasesand

consequentlyinfluenceslaborforceparticipation.Recentwork by economistshasbegunto reveal

the profoundimpactsof inadequatenutrition on labor force participationandeconomicgrowth.

On thebasisof historicalevidencefrom the late18thCenturyFogel (1994a,1994b)hasrevealed

thatlargenumbersof peoplein EnglandandFrancewerepreventedfrom participatingin thelabor

force becauseof low levels of energy consumption.Fogel estimatesthat roughly 30 percentof

the growth of per capitaincomein Britain between1790and1980(Fogel, 1994a: 383) canbe

attributed to improved nutrition. In its study of the economiccostsof malnutrition the World

Bankestimatedthat in 1990protein-energy malnutrition,vitamin A deficiency, iodinedeficiency

andanemiacauseda direct lossof 46 million disability adjustedlife years(DALYS). This figure

increasessubstantiallyif onetakesinto accountthemortality from otherdiseasesthatareattributed

to mild or moderatemalnutrition(World Bank, 1993: 76-77). Childhoodnutrition affects long

run healthstatusandlearningabilitieswhich mayhave further implicationsfor productivity and

economicgrowth (Pollitt,1990).

Therelationshipbetweennutrition andproductivity andits implicationsfor economicgrowth

and developmentcontinuesto be an important considerationfor many developing economies

whosepopulationsarestill frequentlyunableto meettheirenergy requirements.In recentdecades

several economistshave attemptedto quantify the economiccostsof inadequatenutrition in de-

velopingeconomies.Two distinct strandsof inquiry canbe identifiedfrom amongthe body of

literaturethathasemerged.Thefirst focuseson thelink betweenshortrun (calorieintake) versus

long run (height) indicatorsof nutrition statusandproductivity. The secondexaminesthe rela-

tionshipbetweenillnessandproductivity 1. This paperattemptsto reexaminethe link between

1A concretetheory linking wagesandproductivity advancedby Leibenstein(1957)andlater refinedby Stiglitz
(1976),andBliss andStern(1978a)is consideredto have laid thefoundationsfor theeconomicstudyof nutritionand
productivity.
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nutrition andlabor productivity usingsurvey datafrom rural Bangladesh.Specificallyit will in-

vestigatewhethernutrition andhealthstatusasreflectedby heightarerewardedin thewagelabor

market in Bangladesh.Bangladeshprovidesanidealcasestudysinceits agriculturalsystemdom-

inatedby wet rice cultivationis labor intensive. Moreover, thedietarydeficienciesof bothmacro

andmicronutrientsprevailing amongstits populationareamongthemostseverein Asia.

Commencingwith a brief review of empiricalstudieson the nutrition-productivity link, this

paperwill thenoutlinetheunderlyingtheoreticalmodel.Thefollowing sectionswill describethe

empiricalmodelanddata.Thefinal sectioncontainstheresultsandconclusions.

2 Empirical Studies of Nutrition, Health and Labor Productivity

Strauss’s studyof the effect of nutrition on labor productivity in rural SierraLeonewasone

of the first attemptsto test the nutrition productivity hypothesisusing total farm output as the

measureof productivity (Strauss,1986).ThestudyestimatedaCobb-Douglasproductionfunction

to test the hypothesisthat farm output is a function of effective family and hired labor hours,

variablenon-laborinputs,fixed capitaland land. Effective labor hourswerespecifiedasbeing

a quadraticfunction of daily caloric intake perconsumerequivalent. Strauss’s resultsconcluded

that caloric intake exerteda significantpositive effect on farm laborproductivity with a calorie–

outputelasticityof 0.34(Strauss,1986:314)at thesamplemean.Thestudyalsofoundevidenceto

supportthe theoreticalhypothesisthatenergy intake andproductivity arerelatedvia anS-shaped

function.At daily intakesperconsumerequivalentof 1,500caloriestheoutputelasticitywas0.49.

Whenenergy intakereached4,500caloriesoutputelasticityfell to 0.12.

Employing householdsurvey datafrom India, Deolalikar (1988) was able to estimateboth

a wageequationand a farm productionfunction in order to explore the empirical relationship

betweennutrition andproductivity. Deolalikar’s (1988)studyfound that energy intake or short-

run nutrition statuswasnot a significantdeterminantof wagesor farm output. However, weight

for height as measuredin Kg/cm was a statisticallysignificantpredictor in both the wageand

productionfunction equations. Theseresultssuggestthat while the humanbody can adaptto

inadequatenutrition in the short-run,it cannotadaptto it as easily in the mediumor long-run
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(Deolalikar, 1988: 412). Further, asmentionedby theauthor, it maybe thatweight-for-heightis

a betterindicatorof nutritionalstatusthancalorieintake. SahnandAlderman(1988)considerthe

effectof nutritionstatusonruralwagesin Sri-Lanka.Theauthorsfind thatpercapitacalorieintake

hasa positive andsignificantimpacton productivity for men,but not for women. Behrman&

Deolalikar(1989)reexaminethenutrition–productivity hypothesistakingseasonalvariability into

consideration.For theIndiansampleusedin this studytheresultsdemonstratedthatwhile calorie

intake wasimportantin determiningwagesin peakseasons(theelasticitywas0.27),weight-for-

heightwasmoreimportantduringtheslackmonths(elasticityof 0.67).

Utilizing datafromthePhillipines,HaddadandBouis(1991)examinethenutrition–productivity

hypothesisusingheightasa predictorof long-runnutritionalstatusandtestingbetweendifferent

modelswhich take bothunobservedtime-invariantandtime-varyingheterogeneityinto consider-

ation. For the Phillipine sampletheir studyfound that while height is a significantpredictorof

wages,energy intake asdeterminedfrom a 24 hour food recall survey wasnot a significantpre-

dictor of wages.More recently, ThomasandStrauss(1997)simultaneouslyexploretheimpactof

four separatedimensionsof healthon urbanwagesin Brazil. Usinghouseholdsurvey datafrom

1974–1975theirstudyempiricallyteststherelationshipbetweenwagesandpercapitacalories,per

capitaprotein,BMI 2 andheight.Theresultsof this studyconcludethatheightis associatedwith

higherwagesfor bothself-employedmenandthosewho work in themarket sector. Being taller

andhaving ahigherBMI however is rewardedmostin self-employment.As theauthorselaborate,

many of the self-employed in urbanBrazil work asmanuallaborersandreturnsto strengthare

sizeable.

3 The Underlying Economic Model

Theimpactof nutritionandhealthon laborproductivity canbeexaminedundertheframework

of aAgriculturalHouseholdModel. 3

2BMI refersto thebodymassindex which is equalto
�
weight � � height � 2 � . Weight is generallymeasuredin kilo-

gramsandheightin metres.
3seeSingh,Squire& Strauss,1986.
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Wecanassumethatahouseholdjointly maximizesutility suchthat:

U � U � X c � Y � l �
U ���	�
� ThehouseholdUtility Function

X c � Householdconsumptionof food (calorieintake)

Y � Householdconsumptionof non-fooditems

l � Householdconsumptionof leisure

The Householdmaximizesutility subjectto certainproductionfunctions,time andbudgetcon-
straints.
TheFarmHouseholdProductionFunctionis asfollows:

X � f � Le � Lh
� V � A �

X � Farmoutput

Le � Householdlaborin efficiency units*

Lh � Hired Labor

V � Vectorof variablenon-laboragriculturalinputs

A � Vectorof fixedfactorsin agriculture

* As pertheefficiency wageliteratureLe � L f g � X c � .
Le reflectsboththequalityg � X c � andquantityL f of laborsuppliedby thefarmhousehold.L f

representsfamily laborhours.(In thispaperlaborquality is reflectedby height(anindicator
of long run healthstatus).

Thetimeconstraint:

T � L f � Lo � l

T � TotalHealthytimeavailableto theHousehold*

L f � Labortimeon thefamily farm

Lo � Family laborhiredout

l � Householdconsumptionof leisure

* Total Healthytime is equalto TT (total time endowment)– TS (sickdays).Alternatively
we couldwrite total time to bea functionof food consumptionandhealthstatusi.e. T T �
f � X c � ψ � . This follows from thework of Grossman(1972:227).

4



TheBudgetConstraint:

PxX c � PyY � wLh � PxX � w f Lo � PvV � E

Px � Priceof food

Pv � Vectorof pricesof variableinputs

Py � Vectorof pricesfor non-fooditems

w � Wageperclock hourfor hiredlabor

w f � wageperclock hourfor family labor

E � ExogenousIncome

w f � weg ���
� wherewe is wageperefficiency hour
Combiningthetimeandbudgetconstraintwederive thefull-incomeconstraintsuchthat:

PxX c � PyY � wLh � PxX � w f � T � L f � l � � PvV � E

TheLagrangianfor theoptimizationproblemcanthusbewrittenas:

£ � U � X c � Y � l � � λ � PxX � Le � Lh
� V � A � � w f � T � L f � l � � PvV � E � PxX c � PyY � wLh �

Thefirst ordernecessaryconditionsfor theutility maximizationproblemare:

(1) ∂U
∂Xc � λ � PxL f

∂X
∂Le

∂g
∂Xc � we ∂g

∂Xc � T � L f � l � � Px ��� 0

(2) ∂U
∂Y � λ � Py ��� 0

(3) λ � Px
∂X
∂Le

∂Le

∂L f
� w f ��� 0

(4) λ � Px
∂X
∂Lh

� w ��� 0

(5) λ � Pv
∂X
∂V � Pv ��� 0

(6) � PxX � Le � Lh
� V � A � � w f � T � L f � l � � PvV � E � PxX c � PyY � wLh ��� 0

Condition4 is of particularinterest. w f

g ��� � � Px
∂Y
∂Le . The wageper efficiency hour is equalto the

marginal valueproductof efficiency labor.

4 The Empirical Model and Data

Basedon the premisethat wagesreflect the marginal productivity of labor this study inves-

tigatesthe link betweennutrition, healthand labor productivity by estimatingwageequations
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for individualsparticipatingin the wagelabor force in Bangladesh.The studyestimatessemi-

logarithmicwageequationsfor adult men andwomenpostulatingthat wagesarea function of

variousindividual characteristics,height,householdcharacteristics,education,total land owned

by thehousehold,andtheseason.

lnWage � α0 � α1X � α2Height � α3Y (1)

X is a vectorof individual characteristics,andY is a vectorof householdcharacteristicssuch

aslandownershipandnon-laborincome.

Separatewageequationsareestimatedfor thoseemployed in theagriculturallabor forceand

thoseemployedin theruralnon-agriculturallaborforce.TheHeckmanprocedureis usedto correct

for self-selectionbiasin thewageequations(Greene,Madalla). At thecurrenttime heightis the

only variableusedto representthestockof nutritionalandhealthstatus.Previousstudies(Haddad

& Bouis(1991),Thomas& Strauss(1997))havefoundthatheightis agoodmeasureof cumulative

healthstatus.Furtherwork is beingpursuedto includemultidimensionalmeasuresof health,but

no resultsarereportedat this stage.

Therecognitionthatindicatorsof nutritionalstatussuchascaloricintake,BMI andweight-for-

heightareendogenousvariablesin wageor productionfunctionestimationshasbeenanimportant

considerationin studieswhich have empirically testedthenutrition–productivity link. Endogene-

ity in nutrition–productivity estimatesarisesdueto unobservedtime invariantheterogeneity(e.g.

geneticendowment),time-varyingheterogeneity(seasonalityandmeasurementerror)andthesi-

multaneousdeterminationof wagesandnutrientintakes/healthoutcomes.As aresultof endogene-

ity, estimationvia ordinaryleastsquares(OLS) leadsto biasedestimates.In this studyheightis

assumedto beexogenousbasedon thefactthatheightis predeterminedduringadulthood.

Theestimationsin thispaperarebasedonhouseholdsurvey datacollectedin ruralBangladesh

by theInternationalFoodPolicy ResearchInstitute(IFPRI), theBangladeshInstituteof Develop-

mentStudies(BIDS) andthe Instituteof Nutrition andFoodScience(INFS) at theUniversityof

Dhakaaspartof a collaborativeprojectto studythelinkagesbetweenagriculturalproductionand
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nutrition outcomesin Bangladesh.A majorobjectiveof thestudywasto determinethefeasibility

of improving nutrition andhealthstatusthroughfood basedstrategies(commercialvegetablepro-

ductionandpolyculturefish production)asopposedto fortification or supplementationprograms

which in thepasthaveprovento beverycostlyanddifficult to implement.Thedatawascollected

over a 15 monthperiodin four separateroundscoveringanentireagriculturalcycle.4 A total of

956householdswereinterviewedin threesurvey sitesin Bangladesh,namelySaturia,Mymensingh

andJessore.Thethreesitestogethercover 49 villagesand4 thanas(administrative subdivisions)

of Bangladesh.For a detaileddescriptionof the samplingmethodologyseeIFPRI, 1998. The

datasetis particularlysuitablefor addressingtheresearchobjectivesof theproposedstudysinceit

containsdetailedinformationonvariousaspectsof agriculturalproductionin additionto providing

estimatesof householdfood consumption,anthropometryandmorbidity.

Table 1 provides a breakdown of householdsemployed in agriculturaland non-agricultural

wagelabor in the sample.Approximately31% of householdsin the sampleparticipatein some

form of agriculturalwagelaborand20%of householdsparticipatein non-agriculturalwagelabor.

The primary tasksperformedby agriculturalwagelabor includeharvesting,weeding,ploughing

andtransplanting.In this sample94% of agriculturallabor is employed in the four above men-

tionedactivities. Non-agriculturalwagelabor is involvedin a varietyof tasksrangingfrom load-

bearing,roadrepairing,andcarpentry. As wouldbeexpected,householdswith lower incomesare

morelikely to participatein ruralwagelabor. 5

As reflectedin Table2, few womenin ruralBangladeshparticipatein wageemployment.There

is alsoevidencethaton averagewomenearnlessthanmenin thewagelaborforcein Bangladesh.

In this sample,womenaremorelikely to participatein non-agriculturalwagelabor thanin agri-

culturalwagelabor. Earthcuttingandworking asa maidservantwerethe tasksmostcommonly

performedby women.Thewagerateis a daily wageaveragedacrossall agricultural/nonagricul-

4The first roundof datawascollectedbetweenJune26, 1996andSeptember17, 1996. The subsequentrounds
tookplacebetweenOctober18andDecember27,1996,February15andMay 5, 1996andJune26andSeptember24,
1997.

5Monthly percapitaexpendituresareusedasaproxy for income.
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Table 1. Breakdown of Households Participating in Agricultural
and Non-Agricultural Wage Labor by Expenditure Terciles.

Agricultural Non-Agricultural

ExpenditureTercile Tercile1 Tercile2 Tercile3 Tercile1 Tercile2 Tercile3
Round1 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 theproportionof time spentby individualsin differentactivities. The

agriculturalwageratereportedby theBangladeshBureauof Statisticsfor 1997wasapproximately

50Takaacrossall Divisionsin Bangladeshwhichis comparableto thewageratescomputedin this

study. Regionalvariationsin theagriculturalwageratealsomatchthevariationsreportedby the

Bureauof Statistics.

Table 2. Participants by Gender and Average Wage Rates in 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
StandardDeviation 19 20 9.6 31.36 14 6.36 21.57 18 15 22.46 12.34

4.1 Results

Table3 summarizesthe variables(andsamplemeans)usedin the regressionanalysisin this

paper. The sampleusedin the final analysisconsistsof 8,127adults,of whom 818 work in the

agriculturalwagelaborforceand483in thenon-agwagelaborforce.

8



Table 3. Descriptive Statistics of Variables used in the Regression Analysis
VariableLabel VariableDescription Meanof Variables

Full Sample

Age Age in years 36.47
Age2 Agesquared 1559.38
Sex Gender, 0-male1-female 0.508
Height Heightin centimeters 155.71
Education Yearsof schoolingcompleted 3.33
Totlown Total landownedby theHH (in Decimals) 158.42
Non-Labor Non-laborincomepercapita(in Taka) 680.82
Sanitation Scorefor HH Sanitation& Hygiene 29.66
Head Householdhead 0.31
Son Sonof householdhead 0.22
Saturia Dummyfor survey site 0.38
Mymen Dummyfor survey site 0.26
HHsize HouseholdSize 6.51
Inf05 Numberof infants0–5yrs 0.65
Child69 Numberof children6–9yrs 0.51
Round1 Survey rounddummy 0.26
Round2 Survey rounddummy 0.25
Round3 Survey rounddummy 0.25
Numberof Observations 8172

Table4 summarizesthe resultsof the first stageprobit estimateswhich determinethe proba-

bility of participatingin theagriculturalandnon-agriculturalwagelaborforces,respectively 6. A

numberof importantfeaturesareevident from theseresults. Firstly, the ownershipof land is a

significantdeterminantof whetheran individual participatesin the wagelabor force. Non-labor

income(the sumof remittanceincomes,gifts received andrelief income)is alsoa negative and

significantpredictorof participationin the rural wagelabor force. Height, usedasa proxy for

the stockof health,is negative andsignificantin the agriculturalwagelabor force participation

equation.Adults with a higherstockof health(asreflectedby height)arelesslikely to partici-

patein theagriculturalwagelaborforce.ThevariablesHEAD andSONrepresenttherelationship

to thehouseholdhead.HEAD representsthehouseholdheadandSONrepresentsthesonof the

householdhead.In bothlaborsupplyequationsthesevariablesarepositiveandsignificant.

6In theprobit equations1=participationin thewagelaborforce,0=non-participationin thewagelaborforce.
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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)

Age2 -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)

Inf05 -0.0688 -0.1129
(-1.662) (-2.561)

Child69 -0.0117 0.1284
(0.263) ( 2.901)

Round1 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)

PsuedoR2 � 0 � 41 PsuedoR2 � 0 � 246
χ2 � 2169� 50 χ2 � 886� 90

p � 0 � 0000 p � 0 � 0000
Z-statisticsin parentheses
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Following the estimationof the laborsupplyequations,wageequationswereestimated.The

resultsof the wageequationsaresummarizedin Table5. In the agriculturalwagelabor force,

gender, height,theamountof landowned,survey site,andseasonaresignificantpredictorsof wage

labor. The resultsin Table5 confirm that womenearnsignificantly lessthanmen. Agricultural

wagesare lowest in round 2 possiblydepictingthe seasonalityin rice prices7. While thereis

a conspicuousvariation in agriculturalwageratesacrossseasons,no suchtrend is observable

for non-agriculturalwagelabor. SANITATION is a compositescorerepresentingthe household

environmentandsanitationconditions.SANITATION is a significantdeterminantof whetheror

not an individual participatesin wagelabor force,althoughit is not a significantdeterminantof

wagerates.Finally, it wouldappearthatin ruralBangladesh,healthstatusasreflectedby heightis

rewardedin boththeagriculturalandnon-agriculturalwagelabormarkets.In bothwageequations

the variableheight is significantandpositive. Sampleselectionbias ascapturedby (IMR) the

InverseMills Ratiois significantin thenon-agriculturalwageequation,but not in theagricultural

wageequation.

5 Summary and Conclusion

This paperhastried to determinewhethernutrition andhealthstatusasreflectedby heightare

significantpredictorsof participationin theagriculturalandnon-agriculturalwagelabor force in

ruralBangladesh,andwhetherhealthis rewardedin wagemarketsin Bangladesh.Thepreliminary

analysisrevealsthatnutrition andhealthstatusasreflectedby heightis a significantdeterminant

of labor force participationin agriculturalwagelabor, the sameis not true for non-agricultural

wagelabor. Moreover, personswith a larger stockof healthasreflectedby heightarerewarded

in thewagelabormarket. Furtheranalysiswill becarriedout with multidimensionalmeasuresof

healthandnutritional statusto determinethe robustnessof theseresultsandexploreotherfacets

of healthandnutritionalstatuswhich contributeto improvedlaborproductivity. Futurework will

alsoinvestigatethesynergisticrelationshipbetweennutritionandillnessandtheimportanceof diet

diversity.

7Ricepricesarealsothelowestin round2 acrossvillagesin thesurvey sample.
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Table 5. Wage Equations: Dependent variable (lnwage)
AgriculturalWageLabor Non-AgriculturalWageLabor

Constant 3.7422 3.3048
(-11.064) (6.126)

Age 0.0029 0.0319
(0.656) (3.286)

Age2 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)

Round2 -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)

R2 ��� 279 R2 � 0 � 404
F � 14� 803� � 22� 16 F � 14� 468�!�"� 22� 64

p � 0 � 0000 p � 0 � 000
T-Statisticsin parentheses
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