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1. Intr oduction

The consequencesof adult ill-health arefar reaching. Ill-health amongadultsoften threatensthe

financialsecurityandwell-beingof bothadultsandtheirdependents.Theeffectsof adult ill-health

canstretchacrossgenerations,sinceundernutritionduring pregnancy hasa negative effect on the

birth weight of infants. Thereis alsoevidenceto indicatethat adult nutrition hashada profound

impacton nationaleconomicgrowth anddevelopment(Fogel,1994).A growing numberof socio-

economicstudieshave examinedtheprivatereturnsto improvedhealthandnutrition in developing

countries.Themajorityof studiesin ruralsettingshave focusedonthereturnsto farmproductionor

thereturnsto healthin thewagelabormarket. Usinga new datasetfrom Bangladesh,whereadult

malnutritionis still widespread,thispaperreexaminesthereturnsto healthandnutritionin bothfarm

andoff-farmactivities of ruralhouseholds.Sincehouseholdsrespondto economicopportunitiesby

reallocatingresourcesit is possiblethat partof thegainsof improved nutrition andhealthwill be

realizedvia a reallocationof laborfrom farmto off-farmactivities. 1

Adult healthandnutrition statusin this study is measuredby heightandBMI. Adult height

is ostensiblyan indicatorof childhoodnutrition status,reflectingtheaccumulatedpastnutritional

experienceof individualsfrom infancy to adulthood.BMI, on theotherhand,reflectsthebody’sen-

ergy storesindependentof heightandis anindicatorof currentnutritionalstatus.Clinical aswell as

socio-economicstudieshave associatedbothstunting(asreflectedby height)andwasting(asmea-

suredby BMI) duringadulthoodwith reducedphysicalwork capacity, andincreasedsusceptibility

to morbidity andmortality (Garrow andJames,1993;ShettyandJames,1994).

Thefindingsof this paperreveal that therearesignificantreturnsto healthandnutrition in the

rural economyof Bangladesh.Thehealthof adultsin rural Bangladeshinfluencesthehouseholds’

choiceof employmentactivities aswell astheir incomesgiventheir participationdecisions.Adult

heighthasasignificantpositive effect onoff-farmself-employmentincomesaswell astotal house-

hold incomes. Higher adult BMIs alsoappearto increaseoff-farm incomesand total household

incomesperhapsreflectingthesizablereturnsto strengthin aneconomythat is still characterized

by relatively laborintensive employmentactivities.

1The importanceof consideringboth farmandoff-farmwork of rural householdsin estimatingreturnsto education
andhealthin developingcountrieshasbeenrevealedby therecentwork by Yang(1994),Jolliffe (1996),Fafchampsand
Quisumbing(1999),andTaylorandYuñez-Naude(2000).
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Thepapercommenceswith abrief summaryof resultsfrom existingstudiesthathaveestimated

thereturnsto healthandnutrition. Thefollowing sectionsoutlinethetheoreticalbasisfor thestudy

andthengoonto describethedataandvariablesusedin theestimations.Thefinal sectiondiscusses

theestimationmethods,theresultsandconclusions.

2 Literatur e Review

A concretetheory linking wagesand productivity advancedby Leibenstein(1957) and later

refinedby Stiglitz (1976),andBliss andStern(1978)is consideredto have laid thefoundationsfor

the economicstudyof nutrition andproductivity. In recentyearsseveral studieshave attempted

to empiricallyexaminethe linkagesbetweennutrition andlaborproductivity, andhave concluded

that therearesubstantialreturnsto healthin labormarketsin developingcountries.Analysesthat

have usedruralmarket wagesasmeasuresof productivity have foundthattherearesizablepositive

returnsto healthas measuredby BMI, weight-for-height, caloric intake and height. Deolalikar

reportsanelasticityof ruralwageswith respectto weight-for-heightof 0.66in hisstudysetin India.

Using the samedataset,andtaking seasonalityvariability into account,DeolalikarandBehrman

(1989) found that weight-for-height had an elasticity of 0.66 during the slack months,and 0.27

during peakmonths. The coefficient on calorie intakes in this studywasonly significantduring

peakmonths(with an elasticity 0.27). The authorssuggestthat their resultsmay be attributed

to the fact that peakseasontaskssuchasharvestingmay requiregreatersustainedhumanenergy

expenditurethanslackseasontasks,but may not requireasmuch innatestrengthasreflectedby

weight-for-height. SahnandAlderman(1988)report that per-capitacalorie intakeshada positive

andsignificantimpactontheproductivity of ruralSri-Lankanmen,but not for women.Their results

suggestthatproductivity asmeasuredby wageswill increaseby 2%if calorieintake is increasedby

10%(SahnandAlderman,1988: 176). In HaddadandBouis’ (1991)studysetin thePhilippines,

heightwasa significantpredictorof wagesfor adultsalthoughcoefficient estimatesfor BMI and

calorieintake werenot significant.Thestudyreportedanelasticityof wageswith respectto height

of 1.36suggestingthatproductivity increasesin their survey areawould berealizedwith improved

childhoodnutritionandhealth.

SchultzandTanselexaminethe effect of adult morbidity on rural wagesin Coted’Ivoire and

Ghana(1997). Usinga quadraticfunctionof daysof acutedisablingillnessin their wageestima-
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tions, the authorsfind that disableddaysareassociatedwith a 33% and25% reductionof wages

in Coted’Ivoire andGhana,respectively (SchultzandTansel,1997: 278). Finally, in oneof the

only publishedstudiesof urbanwages,StraussandThomas(1997)reportan elasticityof wages

with respectto heightof 3.92andwith respectto BMI of 4.74for Brazilianmen. They alsofind

evidenceof positivereturnsto calorieintakesat low intake levels.Theauthorscalculateanelasticity

with respectto caloriesof 1.6 for menin thebottomquartileof energy intake (1700calories/day).

However, theeffect becamenegative andinsignificantfor thosewho consumedgreaterthan1950

calories.

Amongstudiesthatuseoutput,profit or incomesasmeasuresof productivity thereis alsoevi-

denceof positive returnsto healthandnutrition. Strauss(1986)reporteda ruralcalorie-outputelas-

ticity of 0.34at thesamplemean.At daily energy intakesperconsumerequivalentof 1,500calories

Straussfound that the calorieoutputelasticitywasashigh as0.49. Whenenergy intake reached

4500caloriesoutputelasticity fell to 0.12. Although Deolalikar(1988)did not find a significant

calorieproductivity relationshipin his studyof farm output in India, he found that the elasticity

of weigh-for-heightwith respectto farm outputwas1.9 andsignificant. Deolalikar’s resultsmay

suggeststhatalthoughthehumanbodycanadaptto inadequatenutrition in theshort-run,it cannot

adaptto it aseasilyin themediumor long run(Deolalikar, 1988:412).Pitt andRosenzweig(1986)

examinetheeffect of illnessof thehouseholdheadandhis/herspouseon farmprofitsin Indonesia.

Theresultsof this studycouldnot supportthehypothesisthatillnessaffectedfarmprofits.

FafchampsandQuisumbing’s (1999)studysetin ruralPakistanwasoneof thefirst to attemptto

estimatethegainsin bothproductive efficiency andallocative efficiency dueto improvededucation

and health. The authorsexaminewhetherhumancapital raisesproductivity in crop production,

livestockrearingandnon-farmself-employment.Theresultsof thisstudyindicatethatBMI enjoys

significantpositive returnsin crop production. Furthermore,the authorsfind that taller menand

thosewith higherBMIs weremorelikely to undertake non-farmwork andherding(Fafchampsand

Quisumbing,1999:390).

3 Theoretical Framework

Theimpactof adulthealthonhouseholdincomeandlaborsupplycanbeexaminedundertheframe-

work of anagriculturalhouseholdmodel(Singh,SquireandStrauss,1986).
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Assumea householdjointly maximizesutility suchthat U � U � Yc
f �Yc

o � l � H � . Yc
f andYc

o are

the householdconsumptionof farm and non-farm commoditiesrespectively, l is the household

consumptionof leisureand H is the householdhealthstatus. The householdmaximizesutility

subjectto certainproductionfunctions,time andbudgetconstraints.The household’s production

functionfor farm( f ) andnon-farm(o) goodscanbewrittenas:

Yi � Yi � E � H � Xi � Li � Z � i � f � o

Yi is the householdproducedfarm andnon-farm commodities,Li representsfamily labor in farm

andoff-farmproductionactivities,Xi representsmarketpurchasedvariableinputs,2 andZ represents

semi-fixed factorsusedin production. In addition to labor, variableinputsandfixed factors,the

productionof bothfarmandoff-farmgoodsis affectedby thehousehold’s education(E) andhealth

status(H).

Thehousehold’s time constraintis:

T � L f � Lo � Lw � l

WhereLw representshouseholdlabor in off-farm wageandsalariedemployment. The time con-

straintessentiallyimpliesthattotalhouseholdlabortime(T) is dividedbetweenfarmwork,off-farm

self-employmentwork, wageandsalariedwork andleisure.

Thehousehold’s cash-incomeconstraintis:

PfY
c
f � PoY

c
o � PfYf � PoYo � PxXf � PxXo � wLw � V

WherePf is theoutputpriceof thefarmcommodity, Po is theoutputpriceof thenon-farmproduct,

Px is a vector of pricesfor farm and off-farm variableinputs, w is the market wagerate andV

representshouseholdexogenousincomesuchasremittancesandrelief income.Thetimeandbudget

2Hired laboris includedin thevectorX.
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constraintcanbecollapsedto derive thefull-incomeconstraint:

PfYf � PoYo � wl � PfYf � PoYo � PxX � wLo � wL f � wT � V �	�
�

whereX � Xo � Xf .

In thepresenceof perfectmarketsprofit maximizationimpliesthatthereturnsto variableinputs

areequatedwith theirprices.

Pi
∂Yi

∂Xi
� Px

Pi
∂Yi

∂Li
� w

Theseequationscanbe solved to yield the reducedform demandfunctionsfor family labor and

variableinputs:

L �i � Li � Pi � Px � w� Z � E � H �

X �i � Xi � Pi � Px � w� Z � E � H �

A key featureof the agriculturalhouseholdmodel is that in the presenceof perfectmarkets for

labor, inputsandoutputs,thehousehold’s consumptionandproductiondecisionsareseparable.As

a result,thehouseholdproblemcanbesolvedrecursively, first maximizinghouseholdprofitsfrom

farm andoff-farm self employmentactivities, andthenmaximizingutility subjectto equation(*)

wheretheright handsideis replacedby thevalueof full incomeassociatedwith profit maximizing.

In order to analyzethe effect of householdhealthstatuson householdincomelet farm and

off-farmincomeberepresentedby Π f andΠo respectively.

Π f � PfYf � PxXf

Πo � PoYo � PxXo

Substitutingtheprofit maximizinglevelsof laborandvariableinputsinto thehouseholdfarmand
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off-farmincomefunctionswe get:

Π � f � PfYf � E � H � X �f � Pi � Px � w� E � H � Z � � L � f � Pi � Px � w� E � H � Z � � Z � � PxX �f � Pi � Px � w� E � H � Z �

Π �o � PoYo � E � H � X �o � Pi � Px � w� E � H � Z � � L �o � Pi � Px � w� E � H � Z � � Z � � PxX �o � Pi � Px � w� E � H � Z �

Let Π � � Π � f � Π �o representtotalhouseholdincomeat theprofit maximizinglevels.

Takingderivative of Π � with respectto H we obtain:3

∂Π �
∂H

� Pf
∂Yf

∂H � Pf � ∂Yf

∂L f

∂L f

∂H
� � � Pf

∂Yf

∂Xf
� Px � ∂Xf

∂H � Po
∂Yo

∂H � Po � ∂Yo

∂Lo

∂Lo

H
� � � Po

∂Yo

∂Xo
� Px � ∂Xo

∂H

The first threetermsin theabove expressiondecomposetheeffect of healthon farm incomes

into a productivity effect andallocationeffects. Similarly theeffect of healthon off-farm incomes

is reducedinto a productivity effect andallocationeffects.Althoughwe canassumethat thedirect

effectof healthon farmandoff-farmoutputis positive � ∂Yi
∂H 
 0� , theeffectof healthonnetfarmor

off-farmincomeis ambiguousbecauseof theallocationeffects � ∂Li
∂H and ∂Xi

∂H � .

4 Data & Variables

The datausedin this study is from a recenthouseholdsurvey conductedin rural Bangladeshby

IFPRI,BIDS andINFS.4 Theprimarypurposeof thesurvey wasto evaluatetheimpactof new agri-

culturaltechnologyadoption(commercialvegetableproductionandpolyculturefishproduction)on

rural householdincomesandhealth. The surveys werecarriedout in threesites,namelyJessore,

MymensinghandSaturia. Thesethreesitescover 5 Thanasand47 villages of Bangladesh.As

partof thesurvey, 956householdswereinterviewedfour timesduringasixteenmonthperiod5 and

informationwasgatheredonawiderangeof householdactivities includingagriculturalproduction,

self-employment,off-farmwagework, householdexpenditures,food consumption,time allocation

andanthropometrics.In total, datawascollectedon approximately5500individuals. For thepur-

3In his seminalarticle on educationin productionWelch (1970)demonstratedthat the returnsto educationinclude
allocativeability in additionto thedirectproductivity or "worker" effect. Welchalsoestablishedthefactthatengineering
productionfunctionsonly reveal theworker effect whereasprofit or valueaddedfunctionscancaptureboth theproduc-
tivity andallocative effectsof education(Welch,1970:45).

4IFPRI(InternationalFoodPolicy ResearchInstitute),BIDS (BangladeshInstituteof DevelopmentStudies)andINFS
(Instituteof Nutrition andFoodScience)DhakaUniversity.

5June1996-September1997.
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posesof estimation,this paperusesdatafrom rounds2-4 of the survey therebycapturinga full

calendaryearfor eachhousehold.6

HouseholdLaborAllocation

In thesurvey eachhouseholdreportedlaborallocationof individual householdmembersin major

employmentactivities. Thedatacollectedis extremelydetailedwith householdsreportingfamily

laboruseat theindividual tasklevel for eachemploymentactivity.7 Householdssimilarly reported

theiroff-farmlaborallocationby individualmembersin wageactivities andself-employmentactiv-

ities.

Theindividualsparticipatingin thesurvey engagein a diverserangeof employmentactivities.

Thirty six percentof adultmalesreportedthat their mainoccupationwasfarming. Approximately

9%work in salariedemployment,andsimilarnumberswork asagriculturaldaylaborersor in small

tradeactivities.8 Labor allocationin differentactivities in the survey sitesis stronglysegregated

alonggenderlines. Eighty two percentof womenreportedthat householdwork wastheir major

occupation.Religiousandculturalnormsin many of thevillagesdiscouragewomenfrom working

in the rice paddies. Womenare thereforeprimarily responsiblefor the post-harvest agricultural

activities thatarecarriedoutwithin theconfinesof thedomesticcourtyard(winnowing, par-boiling

anddrying). On average,duringtheyear, 19%of householdlabor time9 is spentin cropactivities,

25% rearing livestock,32% in self-employment, 16% in wageemployment and 7% in salaried

employment. Table1 andTable2 provide a breakdown of labor by formal employmentactivities

disaggregatedby ageandgender. Sixty two percentof the total labor time in the12 monthperiod

analyzedin this paperwasprovided by adult men. Adult womencontributed 23% of total labor

time in employmentactivities.10 Adult malesandadolescentmalesprovide muchof the labor for

crop activities up to andincluding the time of harvest. Adult femalesandadolescentfemaleson

6Theestimatesusedatafrom rounds2-4sincetherecallperiodfor theagriculturalproductiondatacollectedin round
1 differsbetweenhouseholds.

7For example,individualsparticipatingin crop productionactivities reportthe time they spenton ploughing,trans-
planting,weeding,harvestingetc.

8Thesenumbersareusinground4 datafor all individualsbetween18 and65yearsof age.
9Householdlabortime refersto householdlaborhoursin employmentactivities otherthanhouseholdwork.

10Thesenumbersdo not take into accountthehouseholdwork performedby womenandmen. Time allocationdata,
from the24 hour time allocationsectionof thesurvey, revealsthatwomen(in round4) on averagespend37%of time
in work activites (householdwork, farmwork andoff-farmwork). Men on theotherhandspend25%of time in work
activities.
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theotherhandbearthebruntof responsibilityfor post-harvesttasks.Both menandwomenspend

comparableamountsof time raising livestock,althoughmen do the majority of work relatedto

aquaculture,wageemployment,self employmentandsalariedemployment.

Table 1: Labor Allocation in all Employment Activities
LaborType Share

Adult male(18-65) 62%
Adult female(18-65) 23%
Adolescentmale(12-18) 8%
Adolescentfemale(12-18) 2%
Child (<12) 2%
Old male(>=65) 3%
Old female( >=65) <1%

Table 2: Sharesof Labor Allocated to Indi vidual Employment Activities by Ageand Gender
LaborType Crops Crops(p.harv) Ponds Livestock Wage Self Salary

Adult male 75% 17% 75% 32% 80% 80% 73%
Adult female 4% 65% 13% 47% 7% 10% 19%
Adolescentmale 14% 4% 5% 10% 10% 6% 3%
Adolescentfemale 1% 8% 1% 3% 1% 1% 2%
Child 3% 2% 1% 5% 0% 1% 0%
Old male 3% 1% 5% 3% 2% 3% 3%

HouseholdIncome

Correspondingto theirparticipationin employmentactivities,householdsderive their incomefrom

a diverserangeof activities bothon andoff the farm. Eighty two percentof surveyed households

obtainedincomefrom both farm andoff-farm activities. Householdfarm incomewascalculated

by addingprofitsfrom cropproduction,fish productionandincomefrom livestockactivities. Crop

profitswerecomputedby valuingcropsharvestedandsubtractingthecostsof variableinputspur-

chasedby thehouseholdincludingseeds,fertilizers,pesticides,andhired labor. Valuing the total

harvest,asopposedto salesonly, acknowledgesthefactthatthemajority of householdsconsumea

significantportionof their farmproductsandsaveaportionof theircropsfor useasseedin addition

to whatthey sell in themarket.11 Pondprofitsandlivestockincomewerederivedin a similar fash-

11Thevalueof cropwastedwasnot takeninto account,but thiswasaverysmallfractionof productionandunlikely to
significantlybiasestimates.
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ion.12 Off-farmself employmentincomewasreportedona monthlybasis(netof thevalueof fixed

capital)andwasaggregatedfor eachhousehold.Total off-farm incomewascalculatedby adding

wageincome,self-employmentincomeandincomefrom salariedemployment.

On average35%of householdincomewasderivedfrom farmactivities (crops,pondsandlive-

stock).13 Self-employmentincomeconstitutesanadditional30%of householdincome,followedby

wageincomeandsalaryincome,11%and10%respectively. Ninepercentof householdincomesare

from remittances.Table3 summarizesaveragehouseholdincomesin takaby employmentactivities

andlandownership(a proxy for wealth). Cropprofitsaccountfor 50%of householdincomesfor

householdsowning greaterthan2 acresof land. On the otherextreme,crop incomesaccountfor

slightly lessthan10% of total householdincomesfor householdsthat own lessthan0.1 acresof

land. Householdsthatarelandless,or virtually landless,rely on wageandself-employmentactivi-

tiesastheirmajorsourcesof earnings.Thewageemploymentactivitiesaregenerallylaborintensive

taskssuchasharvesting,weedingandtransplantingcropsandnon-agriculturalwork suchasearth

diggingandconstruction.

Table 3: Income in Taka by Sourceand Ar eaof Land Ownedby Household
Landowned Crops Ponds Livestock Wage Self-employment SalaryIncome

<0.1acre 1,991.95 196.05 1,000.54 6,228.61 9,869.16 1,363.68
<0.5acre 5,178.10 644.22 1,827.73 5,637.28 13,683.61 2,038.95
<1 acre 7,895.89 1,234.86 2,128.87 4,822.90 11,364.07 3,314.81
<2 acres 10,665.24 1,433.57 3,171.36 2,318.09 7,233.86 4,792.64
>2 acres 26,542.33 3,829.75 4,269.57 655.10 10,547.80 6,178.01

Health,Nutrition andEducation

As mentionedin the introduction,the studyusesheightandBMI asmeasuresof adult health

status.Anthropometricdata(weight,heightandthemid upperarmcircumference)werecollected

from all householdmembersaspart of the survey. In orderto arrive at a measurefor household

healthstatus,individual height and BMI were aggregatedto the householdlevel by calculating

the averageheightandBMI of adult householdmembers(18-65yearsof age)participatingin a

12I includelivestockrevenues(from thesaleof animalproductssuchaseggs,milk andsmallanimals)andnot profits
in thetotal incomecalculation.

13Computedincomedoesnot includeincomefrom non-plotproduction,thevalueof collectedfood,or netfood trans-
fersto thehousehold.
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givenactivity. 14 Thenumberof yearsof formal schoolingcompletedby thehouseholdhead,and

theaverageyearsof schoolingof adultsin thehouseholdexcludingthehouseholdheadareusedas

measuresof education.TaylorandYuñez-Naudepointoutthathouseholdsin ruralMexico diversify

their incomesthroughtheir children,andhencethe schoolingof householdmembersbesidesthe

householdheadis an importantfactor determiningtotal householdincomes(Taylor and Yuñez-

Naude,2000:288).

Table 4: Human Capital and HouseholdLabor Allocation of Adult Men and Women†

Crops Pond Livestock Wage Self-emp Salary
(inc post-harv)

Male
Yearsof Education 4.46 5.74 3.85 1.72 3.70 7.63
Height(cm) 161.86 162.58 161.64 161.30 162.40 162.94
BMI 18.56 18.83 18.40 18.20 18.60 19.66
MUAC (mm) 244.26 247.96 243.04 240.95 244.07 254.32
LandOwned(acres) 1.94 2.72 2.06 0.69 1.24 1.84
Numberof Adults 1,169 337 595 473 601 147
Female
Yearsof Education 2.28 2.17 1.74 0.55 1.45 5.05
Height(cm) 149.87 150.36 149.82 151.00 150.15 151.19
BMI 18.79 18.52 18.72 18.46 18.53 19.52
MUAC (mm) 230.27 229.38 229.79 227.13 226.08 234.97
Hemoglobincount 11.71 11.69 11.75 11.64 11.86 11.91
LandOwned(acres) 1.90 1.54 1.26 0.36 0.58 0.95
Numberof Adults 1,069 95 935 59 172 40
† Numbersareaveragesby employmentactivity andgender.

Adults in thesurvey householdshave avery low level of education.Adult menhave anaverage

of 4 yearsof formal educationwhile womenhave merely2 yearsof formaleducation.Twentyfour

percentof adultmenand40%of adultfemalesin thesamplearenot literate.Table4 summarizesthe

humancapitalvariablesby laborallocation,andgender. Averagepercapitacalorieintake is around

2,500calorieswith adultfemalesconsumingapproximately700calorieslessthanadultmales.The

averageBMI of adultmenandwomenin thesurvey householdswas18.56and18.73respectively.

Table5 summarizesthepercentagedistribution of chronicenergy deficiency (CED) by genderand

expenditurequintiles.15 As revealedin Table5, approximately18%of adultmenand22%of adult

14In otherwords, the variablerepresentingBMI in the farm incomefunction is the meanBMI of adult household
membersparticipatingin cropproduction,pondproductionandlivestockproduction.

15BMI in the rangeof 18.5-25areconsiderednormal. A BMI valueof 17-18.4is an indicatorof mild malnutrition
(CED I). BMIs of 16-16.9provide evidenceof moderatemalnutrition(CED II) andBMIs lessthan16 arealmosta sure
signof severemalnutrition(CEDIII) (ShettyandJames,1994:19).
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Table 5. PercentageDistribution of CED in Adults by Gender and Expenditure Quintile
Male Female

Quintile CEDIII CED II CEDI Normal BMI > 25 CED III CEDII CED I Normal BMI > 25

1 7.66 15.32 39.64 37.39 0.00 9.30 15.70 34.88 39.53 0.58
2 10.86 15.36 41.57 31.09 1.12 10.80 14.55 26.76 47.42 0.47
3 4.66 9.68 36.92 48.75 0.00 8.30 13.10 23.14 54.15 1.31
4 5.54 10.38 26.99 55.02 2.08 13.14 8.90 25.00 51.27 1.69
5 3.10 7.93 30.69 54.14 4.14 10.55 6.25 25.00 54.30 3.91

Total 6.24 11.51 34.82 45.88 1.56 10.49 11.30 26.49 50.00 1.72

womenappearto bemoderatelyto severelymalnourishedasreflectedby theirBMI.

Prices,Wages,FixedCapital andHouseholdDemographics

Prices,wagesandfixedcapitalappearasargumentsin boththehouseholdincomeandlabordemand

functions. Thepricesof boro rice,16 wheatandjute areusedto reflectoutputprices. Input prices

includethepriceof ureaperkgandthepriceof hiring apowertiller (priceperdecimal).17 Fixedcap-

ital in farmactivities is measuredby thevalueof agriculturalequipmentownedby thehousehold.18

Householdsparticipatingin self-employmentactivities directly reportedthe valueof fixed capital

usedin self-employment. Thewagerateusedis theboroharvestingwagefor adultmaleworkers.

All pricesandwagesarevillage level averages.19 Finally, variablesrepresentinghouseholdsizeand

compositionareincludedin both theparticipationandincomefunctions. Thesevariablesinclude

theshareof adultmales(18-65years),theshareof adultfemales,theshareof adolescentmales(13-

18 years),theshareof adolescentfemales(13-18years)andtheshareof elderlymalesandfemales

( � 65 years).Benjaminshows thatin theabsenceof perfectlabormarkets,householdcomposition

is an importantdeterminantof farm laboruse(Benjamin,1992: 287). Estimatesof householdla-

bor supplyandlabor demandfunctionsindicatedthat householdlabor supplyis a determinantof

householdlabor demand,therebyproviding evidenceof non-separabilitybetweenproductionand

consumptiondecisionsfor householdsin thesurvey villagesin Bangladesh.

4 Estimation Methods

16Rice in Bangladeshis grown in threedistinct seasons:aus(April -August), aman(August-December)and boro
(Januaryto May) (Hossain,1988:24).

17A decimalis equivalentto 0.01acres.
18Calculatedfrom themoduleonhouseholdassetownership.
19Outputpriceswerecomputedfrom the moduleon crop disposition. Householdsreportedquantitiesandvaluesof

cropssold.Thesefigureswerethenusedto calculateaunit priceat thevillage level. Therentalpriceof power tillers and
theborowagearereportedin aseparatemoduleoncommunitylevel characteristics.
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It is assumedthat incomefrom farm or off-farm activities is observed only if the household

choosesto participatein theactivity. A householdparticipatesin agivenactivity i if thehousehold’s

totalexpectedincomeassociatedwith participationin theactivity, πi, is greaterthanor equalto the

household’s totalexpectedincomefrom notparticipating,π �i.20

Πi �� 0 if πi � π �i

Πi � 0 otherwise

Assumingarandomexpectedincomemodel,incomeis comprisedof adeterministiccomponent

andanunobserved,stochasticcomponent

πi � πi � εi

Let

πi � α0i � α1iH � α2iUi

whereUi denotesotherdeterminantsof incomeexcludinghealthin activity i.

ThereforenetincomeΠi is observedwith aprobabilityof

Pr� Πi �� 0��� Pr� εi � � εi � Ji � �	���
�

where

Ji � α0i � α0i ��� � α1i � α1i � � H � � α2i � α2i � � Ui

Assumingεi andεi � areapproximatelynormalwith zeromeansandafinite variancecovariance

matrix that is constantover all observations, in the first stageI estimate(**) using a maximum

likelihoodprobit model. The estimatedcoefficients from the probit model for farm andoff-farm

participationarethenusedto calculatetheinversemills ratio IMRi � � φ � Ji �
Φ � Ji � whereφ ��� denotesthe

standardnormaldensityfunctionandΦ ��� denotesthenormaldistribution function,bothevaluated

20Theeconometricsetupheredraws heavily on TaylorandYuñez-Naude,2000.
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at Ji. In thesecondstage,farmandoff-farm incomefunctionsareestimatedincluding the inverse

Mills ratio to correctfor sampleselectionbias. Variablesrepresentingwhetherthe fatherof the

householdheadfarmed,andtheamountof cultivable land inheritedby the householdareusedto

identify theselectionequation.

BMI is treatedasan endogenousvariablein thesecondstageestimation.Sinceheightis pre-

determinedduring adulthoodit is assumedto be exogenous.Therearea numberof reasonswhy

BMI shouldbetreatedasanendogenousvariablein theincomefunctions.First, incomeandhealth

statusaresimultaneouslydetermined.While betterhealthmayimproveworkerproductivity, higher

productivity, andin turn increasedincomes,maybeusedto make furtherhealthinvestments.Sec-

ond, theremay exist unobservable factorsthat influenceboth healthand incomes. Finally, BMI

maybemeasuredwith error. Estimationby ordinaryleastsquareswill thereforeresultin biasedand

inconsistentcoefficient estimatesdueto thecorrelationbetweenhealthstatusandtheerror termin

theincomefunction. In orderto correctfor theendogeneityof healthstatus,thefarmandoff-farm

incomefunctionsareestimatedusing2SLS.

Estimatesof adult BMI demandfunctionswereusedto guidetheselectionof instrumentsfor

the2SLSestimation.Findingplausibleinstrumentsis challengingsincethe instrumentsshouldbe

correlatedwith BMI, but thereshouldnot be any direct associationbetweenthe instrumentsand

householdincomes. Studiesthat have estimatedthe returnsto healthusingwagefunctionshave

reliedon food pricesandnon-laborincomesto instrumentendogenoushealthvariables.Thesetof

instrumentsusedin thispaperincludeadummyvariablerepresentingwhetheror not thevillagehad

aclosedsewagedrainagesystem,adummyvariablerepresentingwhetherthevillagehadaprimary

school,andthevillage pricesof fuel (kerosene)andcigarettes.Theexistenceof a primaryschool

in thevillagehasa significantandpositive coefficient whenincludedin theestimatesof adultBMI

demandfunctions. It could be hypothesizedthat primary schoolsalsoprovide a venuefor adult

educationor extensionclassesandthushave a positive effect on adult nutritional knowledgeand

health. The useof communityvariablesrepresentingthe healthanddiseaseenvironmentis only

valid in a settingwherefamiliesdo not move to differentvillagesbecauseof their characteristics.

This assumptionis probablyvalid in thesurvey sitesin Bangladeshastheredoesnot appearto be

a greatdealof in or out migration. Themajority of landownedby householdswasinheritedfrom
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theirparents.

5. Results

Sincetheselectedinstrumentsareonly weakly correlatedwith BMI, the participationandin-

comesfunctionswerefirst estimatedusingadultheightasthesolemeasureof healthstatus.These

resultsaresummarizedin Table7 andTable8. Table6 providessummarystatisticsof thevariables

usedin thestudy. Thefinal estimationsamplewascomprisedof 927 households.21 As would be

expected,land ownershipandthe valueof farm capital increasethe probability that a household

will participatein farm employment. At the sametime, land ownershipis associatedwith a de-

creasein the likelihoodof participationin off-farm employmentactivities. Healthstatusappears

to affect participationin employmentactivities. Specifically, householdswith taller adultsareless

likely to participatein ruralwageemployment.Largerhouseholdsandhouseholdswith moreadult

maleshave a higherprobabilityof participatingin off-farmemploymentperhapsreflectingthefact

that larger householdsaremore likely to diversify their incomes. Thereappearto be significant

regionaldifferencesin householdparticipationin farmandoff-farm employmentwith households

in Mymensinghbeing lesslikely to engagein off-farm employment,other factorsheld constant.

Educationof thehouseholdheadis akey determinantof whetherahouseholdparticipatesin salary

andwageemployment. Householdswherethehouseholdheadhasa higherlevel of education,as

reflectedby yearsof schooling,aremore likely to participatein salaryemploymentandare less

likely to participatein wageemployment.

Theresultsfromtheincomesfunctionestimatesrevealthatadultheighthaslargepositivereturns

in off-farm self-employment. A 1% increasein adult heightis associatedwith a 8.5%increasein

householdself-employment incomes. Adult heightalsohasa positive andsignificantcoefficient

in thecombinedself-employmentandwageincomefunction. Overall, increasingadultheightsby

1% will increasetotal householdincomesby 1.4%. Not only arehouseholdswith moreeducated

householdheadsmorelikely to participatein off-farm self-employment andsalaryactivities, but

thesehouseholdsalsoenjoy significantpositive returnsto educationin theseactivities. Increasing

the educationof the householdheadby 1% will increasehouseholdsalaryincomesby 4.6%and

21Ninehouseholdsweredroppedbecausethey hadnegativefarmincomes.Twentyadditionalhouseholdsweredropped
becauseof missinganthropometricor educationdata.
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householdself-employment incomesby 0.80%,respectively(evaluatedat themeans).The inverse

mills ratio is significantin theself-employmentandtotal off-farmincomefunctionsindicatingthat

self selectioninto activities is animportantfactorin determininghouseholdincomes.

Tables9 and10 summarizethe resultsof theparticipationequationsandthe incomefunctions

whenBMI is includedasanexplanatoryvariable.BMI is treatedasanexogenousvariablein these

estimates.Although the coefficients are likely to be biasedthey enableus to comparethe OLS

estimateswith theinstrumentalvariableestimatesin tables11 and12. Theinclusionof BMI does

not significantlychangetheresultsof theparticipationandincomefunctions.Themostnoticeable

differenceis thatthevariablerepresentingtheeducationof thehouseholdheadappearsto beslightly

smaller, but still significant.ThecoefficientonBMI is positiveandsignificantin thecombinedwage

andself-employmentincomefunction,aswell asin theoff-farmandtotalhouseholdincomesfunc-

tions. Theresultsindicatethat increasingadultBMI by 1% will increasetotal householdincomes

by 0.70%.

Tables11 and12 summarizetheresultsof theparticipationandincomefunctionswhenBMI is

instrumented.The tablesalsoprovide theF-testsandR2 valuesfor the regressionsof BMI on the

excludedinstruments,alongwith thep-valuesfrom theHausmantest,testsof overidentificationand

theRiversandVuongexogeneitytestfor theprobitmodel(RiversandVuong,1988).Instrumenting

BMI in theparticipationequationleadsto universalrejectionof exogeneityin theprobit participa-

tion equations.ThecoefficientsonBMI aresignificantin all theparticipationequationsandappear

to indicatethat householdswith higheradult BMIs arelesslikely to work on the farm andmore

likely to participatein off-farm employment activities with the exceptionof salaryemployment.

Hausmantestscomparingthe2SLSestimates(not reportedhere)with theOLS estimatesfailedto

rejectthenull hypothesisthattheOLSestimatesareconsistentandasymptoticallyefficient,thereby

indicatingthat the incomefunctionscanbeestimatedvia OLS. Theuseof additionalinstruments

indicating the presenceof a pharmacy in the village, the numberof markets in a village andthe

distanceto thenearestmarket did not changetheseresults.22

22It shouldbenotedthat theexcludedinstrumentsareonly weaklycorrelatedto BMI. StaigerandStock(1994)show
that1/F in theregressionof theexcludedinstrumentson theendogenousregressoris anapproximationof thebiasof the
2SLSestimatestowardstheOLS estimates.TheauthorssuggestanF statisticof 10 asa critical valuefor thetestof the
validity of theexcludedinstruments.
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ThenoticeabledifferencebetweentheestimateswhereBMI is treatedasanexogenousvariable

and the estimatespresentedin tables10 and 11 is that the IMR is no longer significant in the

off-farm andself-employmentequations.Moreover the coefficient on the IMR in all the income

function estimatesis significantly smaller. This result may be suggestingthat BMI is capturing

theunobservedheterogeneityin characteristicsthataffectstheselectioninto differentemployment

activities. On theotherhand,theseresultsmaybebiasedbecauseof theweakinstruments.

6. Conclusions

This paperestimatesthe returnsto healthandnutrition in both farmandoff-farm activities of

ruralhouseholdsin Bangladesh.Econometricresultsindicatethathealth,like education,influences

households’choiceof employmentactivities andtheir incomesgiventheir choices.Therewardsto

betteradult healthasmeasuredby heightandBMI appearto be fairly substantial.A 1% increase

in adultheight(1.56cm) is likely to increasetotal householdincomesby 498taka(evaluatedat the

means).Similarly, a 1% increasein averageadult BMI (.19 units) is likely to increasehousehold

incomesby 257taka.Educationalsoenjoys fairly largereturns,especiallyin off-farmemployment

activities. Overall a 1% increasein theeducationof thehouseholdhead(anadditional0.03years

of schooling)is likely to increasehouseholdincomesby 213 taka. In its 1999AnnualReportthe

World Bankstatesthatunder-investingin humancapitalin SouthAsia is partially responsiblefor

thefactthatSouthAsia has40%of theworld’s pooreventhoughtheregiononly accountsfor 20%

of the world’s population. The resultsof this paperseemto affirm that improved humancapital

investmentswould resultin higherincomesfor ruralhouseholdsin Bangladesh.
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Table 6. Summary of Variables
Variable Obs Mean Std. Dev.

Ln(Farm income) 899 8.740147 1.595061
Ln(Self-employmentincome) 558 8.914154 1.612515
Ln(Salary income) 179 9.096764 1.404424
Ln(Wageincome) 433 8.461267 1.351966
Ln(Off-farm income) 789 9.513506 1.034388
Ln(Total householdincome) 927 10.0696 0.777188
Ln(land) 927 4.057104 1.639739
Ln(farm capital + 1) 927 4.336576 3.535625
Ln(non-farm capital + 1) 927 3.036274 3.965565
Ln(Height) 927 5.047718 0.0293015
Ln(BMI) 927 2.917509 0.0826754
Education of HH head 927 2.997843 4.077012
AverageEducation 927 2.201802 2.192215
Age 927 35.8878 6.635235
Age2 927 1331.913 511.8823
Ln(householdsize) 927 1.653667 0.4113282
Shareof adult males 927 0.2718534 0.1333163
Shareof adult females 927 0.2624784 0.1109744
Shareof adol. Males 927 0.0682911 0.1084328
Shareof adol. Females 927 0.0596777 0.0995234
Shareof old Males 927 0.0225199 0.0698551
Shareof old Females 927 0.0169275 0.054036
Ln(price of boro rice) 927 1.72022 0.0480303
Ln(price of wheat) 927 1.997477 0.0906995
Ln(price of jute) 927 2.223476 0.1220806
Ln(price of pwr tiller) 927 1.038345 0.3773394
Ln(price of urea) 927 1.690884 0.0467849
Ln(bor o wage) 927 4.159699 0.1692829
Site1 927 0.3290183 0.4701103
Site2 927 0.3344121 0.4720392
Culti vable land inherited 927 0.3846093 0.4648757
Father in agricultur e 927 0.6217806 0.4714157
flag_ag 927 0.0560949 0.2302292
Farm height 924 5.049736 0.032202
Self-employmentheight 532 5.073632 0.0428238
Salary height 145 5.074088 0.0446447
Wageheight 392 5.076656 0.0366055
Off-farm height 758 5.075714 0.037883
Farm BMI 924 2.917743 0.0837192
Self-employmentBMI 532 2.918881 0.0993747
Salary BMI 145 2.96983 0.1278587
WageBMI 392 2.897373 0.0819788
Off-farm BMI 758 2.920351 0.0986521
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TABLE 7: PROBIT RESULTS FOR ACTIVITY PARTICIP ATION (ONLY INCLUDING HEIGHT)
(1) (2) (3) (4) (5)

farm self salary wage off-farm

Ln(land) 0.480 -0.135 -0.101 -0.147 -0.516
(3.87)��� (3.02)��� (1.89)† (2.93)��� (5.30)���

Ln(non-farm capital + 1) -0.024
(0.67)

Ln(farm capital + 1) 0.174 -0.020 -0.022 -0.009 -0.011
(2.78)��� (1.38) (1.25) (0.54) (0.53)

Age -0.028 -0.050 0.051 0.036 -0.014
(0.19) (0.92) (0.72) (0.59) (0.18)

Age2 0.000 0.000 -0.001 -0.001 0.000
(0.03) (0.64) (0.62) (0.91) (0.07)

Ln(householdsize) 0.452 0.814 0.644 -0.081 0.872
(0.76) (5.50)��� (3.82)��� (0.50) (4.18)���

Share of adult males 1.904 0.436 0.507 1.968 1.214
(1.52) (1.09) (1.04) (4.22)��� (2.18)�

Share of adult females 1.122 0.839 0.226 -1.151 0.119
(0.69) (1.70)† (0.38) (2.01)� (0.17)

Share of adol. males 1.710 0.570 0.029 1.516 0.774
(1.00) (1.24) (0.05) (2.93)��� (1.25)

Share of adol. females 0.483 0.305 0.545 1.134 0.673
(0.38) (0.63) (0.96) (2.07)� (0.90)

Share of old males 2.760 -0.931 1.023 -0.189 0.216
(0.82) (1.23) (1.13) (0.22) (0.24)

Share of old females -1.523 0.308 1.270 -1.524 -0.169
(0.61) (0.36) (1.32) (1.62) (0.15)

Height 3.004 0.948 -0.403 -5.468 0.155
(0.62) (0.57) (0.20) (2.78)��� (0.06)

Education of HH head 0.050 -0.009 0.090 -0.071 0.027
(0.92) (0.73) (6.11)��� (4.55)��� (1.60)

AverageEducation -0.045 -0.017 0.136 -0.213 -0.016
(0.50) (0.61) (4.39)��� (6.23)��� (0.44)

Ln(price of boro rice) -8.993 0.919 3.069 0.607 3.397
(2.00)� (0.72) (2.01)� (0.45) (1.57)

Ln(price of wheat) 3.640 -0.086 -0.264 -0.890 -0.703
(1.45) (0.15) (0.36) (1.15) (1.01)

Ln(price of jute) 1.233 0.733 -1.022 0.344 0.113
(1.00) (1.83)† (2.18)� (0.73) (0.22)

Ln(price of pwr tiller) -0.700 0.110 0.149 -0.104 0.555
(1.36) (0.72) (0.81) (0.61) (2.38)�

Ln(price of urea) 1.737 1.997 4.065 -0.706 0.118
(0.25) (1.01) (1.72)† (0.31) (0.04)

Ln(boro wage) -2.090 0.528 1.051 -0.245 1.040
(1.49) (1.19) (1.99)� (0.48) (1.68)†

Site 1 dummy -0.010 0.103 0.237 0.116 -0.145
(0.01) (0.43) (0.83) (0.43) (0.41)

Site 2 dummy -1.356 0.135 0.440 -1.209 -0.681
(1.44) (0.53) (1.43) (4.07)��� (1.96)�

Father in agricultur e 0.070 -0.166 0.122 -0.094 -0.362
(0.24) (1.69)† (1.04) (0.87) (2.36)�

Flag missingobs. -0.118 -0.202 0.183 0.413 -0.191
(0.29) (1.04) (0.78) (1.78)† (0.76)

Culti vable land inherited 2.450 -0.248 -0.277 -0.165 -0.277
(0.90) (1.76)† (1.67)† (0.92) (1.52)

Constant -3.020 -12.941 -15.541 30.887 -7.669
(0.10) (1.34) (1.32) (2.70)��� (0.55)

Observations 927 927 927 927 927
Absolutevalueof z-statisticsin parentheses.� significantat5%; ��� significantat1%; † significantat10%
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TABLE 8: INCOME FUNCTIONS (ONLY INCLUDING HEIGHT)
(1) (2) (3) (4) (5) (6)

Farm Self-emp Salary Wage Off-farm Total

Ln(land) 0.525 0.163 -0.076 -0.098 0.039
(11.23)��� (1.72)† (1.25) (2.82)��� (2.31)�

Ln(non-farm capital + 1) 0.169 0.063 0.039
(11.68)� (7.88)��� (7.97)���

Ln(farm capital + 1) 0.078 0.012
(6.45)��� (1.64)

Age 0.055 0.028 0.109 0.050 0.012
(1.13) (0.37) (1.29) (1.34) (0.40)

Age2 -0.001 0.000 -0.001 -0.001 0.000
(1.03) (0.03) (1.09) (1.15) (0.43)

Ln(householdsize) 0.309 -0.317 0.408 0.189 0.533 0.709
(2.77)��� (0.97) (1.46) (0.87) (4.77)��� (11.36)�

Shareof adult males 0.624 0.617 -0.199 1.594 1.020 1.041
(1.89)† (1.00) (0.25) (2.36)� (3.39)��� (5.44)���

Shareof adult females 0.318 -1.088 -1.937 0.103 0.031 0.306
(0.74) (1.71)† (1.37) (0.13) (0.09) (1.41)

Shareof adol. males -0.045 0.648 -2.030 1.411 0.444 0.842
(0.11) (1.06) (2.03)� (1.60) (1.08) (3.92)���

Shareof adol. females -0.093 -0.836 -2.155 0.091 0.256 0.086
(0.21) (1.25) (1.92)† (0.11) (0.78) (0.43)

Shareof old males -0.306 0.770 -6.043 1.182 -0.743 -0.285
(0.52) (0.69) (3.51)��� (0.83) (1.13) (0.62)

Shareof old females 0.626 0.072 -0.489 -1.358 -0.215 -0.067
(0.97) (0.06) (0.25) (0.89) (0.28) (0.14)

Education of HH head -0.012 0.034 0.083 -0.029 0.049 0.021
(1.15) (1.84)† (1.94)† (0.73) (4.41)��� (3.45)���

Averageeducation -0.011 0.010 0.194 -0.089 -0.001 -0.008
(0.46) (0.25) (2.57)� (1.15) (0.04) (0.61)

Height 1.365 8.537 3.558 -0.862 0.922 1.368
(1.12) (5.05)��� (1.29) (0.43) (0.88) (1.85)†

Ln(price of boro rice) -0.320 -1.821 -0.648 0.123
(0.26) (1.21) (0.81) (0.22)

Ln(price of wheat) 0.618 -0.406 1.153 0.499
(1.70)† (0.43) (2.23)� (1.83)†

Ln(price of jute) -0.664 -0.449 0.161 -0.054
(2.04)� (0.72) (0.54) (0.27)

Ln(price of pwr tiller) -0.008 -0.189 -0.116 0.075
(0.06) (0.81) (1.09) (1.19)

Ln(price of urea) 1.818 -2.554 3.873 1.736
(1.21) (1.06) (2.67)��� (1.78)†

Ln(boro wage) -0.487 -0.559 0.764 0.424 0.094
(1.41) (0.95) (1.18) (1.28) (0.44)

Site1 dummy 0.858 -0.143 0.215 -0.184 0.118 0.412
(4.40)��� (0.46) (0.82) (0.88) (0.71) (3.66)���

Site2 dummy 0.419 0.017 -0.049 0.167 0.463 0.191
(2.07)� (0.05) (0.19) (0.45) (2.32)� (1.52)

IMR -0.924 -2.461 0.259 -0.019 -0.720
(1.39) (3.52)��� (0.46) (0.04) (2.52)�

Constant -3.142 -22.959 -10.078 7.102 -7.159 -3.697
(0.45) (1.95)† (0.75) (0.69) (1.15) (0.84)

Observations 896 528 145 392 757 927
R-squared 0.52 0.39 0.36 0.07 0.23 0.39
Robustt-statisticsin parentheses.� significantat5%; ��� significantat1%; † significantat 10%
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TABLE 9: PROBIT RESULTS FOR ACTIVITY PARTICIP ATION (BMI EXOGENOUS)
(1) (2) (3) (4) (5)

farm self salary wage off-farm

Ln(land) 0.477 -0.135 -0.105 -0.137 -0.513
(3.82)��� (3.01)��� (1.95)† (2.73)��� (5.24)���

Ln(non-farm capital + 1) -0.028
(0.77)

Ln(farm capital + 1) 0.179 -0.020 -0.021 -0.009 -0.011
(2.84)��� (1.38) (1.22) (0.55) (0.54)

Age -0.045 -0.050 0.042 0.064 -0.010
(0.31) (0.91) (0.60) (1.02) (0.14)

Age2 0.000 0.000 0.000 -0.001 0.000
(0.15) (0.63) (0.48) (1.36) (0.12)

Ln(householdsize) 0.487 0.814 0.645 -0.099 0.873
(0.81) (5.50)��� (3.82)��� (0.60) (4.19)���

Share of adult males 1.772 0.436 0.526 1.925 1.203
(1.40) (1.09) (1.08) (4.11)��� (2.16)�

Share of adult females 1.308 0.840 0.200 -1.136 0.145
(0.81) (1.70)† (0.33) (1.98)� (0.21)

Share of adol. males 1.708 0.569 0.061 1.426 0.753
(1.00) (1.24) (0.11) (2.73)��� (1.21)

Share of adol. females 0.508 0.305 0.559 1.139 0.687
(0.41) (0.63) (0.98) (2.06)� (0.92)

Share of old males 2.646 -0.932 1.058 -0.345 0.201
(0.80) (1.23) (1.17) (0.39) (0.22)

Share of old females -1.560 0.309 1.176 -1.319 -0.148
(0.63) (0.36) (1.21) (1.37) (0.13)

Ln(Height) 3.558 0.948 -0.367 -5.524 0.153
(0.80) (0.57) (0.18) (2.78)��� (0.06)

Ln(BMI) 0.969 -0.007 0.574 -2.007 -0.386
(0.55) (0.01) (0.85) (3.05)��� (0.49)

Education of HH head 0.051 -0.009 0.089 -0.069 0.028
(0.93) (0.72) (6.02)��� (4.37)��� (1.65)†

AverageEducation -0.045 -0.017 0.133 -0.205 -0.015
(0.50) (0.60) (4.27)��� (5.97)��� (0.41)

Ln(price of boro rice) -9.254 0.919 3.059 0.611 3.398
(2.05)� (0.72) (2.00)� (0.45) (1.56)

Ln(price of wheat) 3.769 -0.086 -0.294 -0.817 -0.681
(1.48) (0.14) (0.40) (1.05) (0.97)

Ln(price of jute) 1.285 0.733 -1.056 0.410 0.139
(1.03) (1.82)† (2.24)� (0.87) (0.26)

Ln(price of pwr tiller) -0.779 0.110 0.135 -0.066 0.563
(1.47) (0.72) (0.73) (0.39) (2.41)�

Ln(price of urea) 1.787 1.997 4.104 -0.666 0.150
(0.26) (1.01) (1.74)† (0.29) (0.05)

Ln(boro wage) -2.192 0.529 1.011 -0.109 1.068
(1.54) (1.18) (1.91)† (0.21) (1.72)†

Site 1 dummy 0.063 0.103 0.270 0.024 -0.165
(0.08) (0.42) (0.94) (0.09) (0.46)

Site 2 dummy -1.274 0.134 0.463 -1.291 -0.694
(1.35) (0.53) (1.49) (4.29)��� (1.99)�

Father in agricultur e 0.065 -0.166 0.122 -0.092 -0.361
(0.22) (1.69)† (1.04) (0.84) (2.35)�

Flag missingobs. -0.119 -0.202 0.172 0.434 -0.180
(0.29) (1.04) (0.73) (1.85)† (0.71)

Culti vable land inherited 2.536 -0.248 -0.276 -0.163 -0.281
(0.89) (1.76)† (1.67)† (0.90) (1.54)

Constant -7.929 -12.926 -16.991 35.609 -6.874
(0.28) (1.33) (1.43) (3.06)��� (0.49)

Observations 924 927 927 927 927
Absolutevalueof z-statisticsin parentheses.� significantat5%; ��� significantat1%; † significantat10%

20



TABLE 10: INCOME FUNCTIONS (BMI EXOGENOUS)
(1) (2) (3) (4) (5) (6)

farm self-emp salary wage off-farm total

Ln(land) 0.524 0.162 -0.079 -0.102 0.034
(10.98)��� (1.70)† (1.46) (3.00)��� (2.02)�

Ln(non-farm capital + 1) 0.169 -0.129 0.060 0.038
(11.59)��� (6.02)��� (7.51)��� (7.73)���

Ln(farm capital + 1) 0.078 0.013
(6.45)��� (1.74)†

Age 0.055 0.028 0.202 0.089 0.027 0.005
(1.11) (0.36) (1.06) (1.08) (0.70) (0.16)

Age2 -0.001 0.000 -0.002 -0.001 0.000 0.000
(1.01) (0.02) (0.88) (0.92) (0.49) (0.17)

Ln(householdsize) 0.310 -0.314 0.308 0.531 0.711
(2.77)��� (0.96) (1.45) (4.84)��� (11.42)���

Share of adult males 0.624 0.620 1.692 1.019 1.052
(1.89)† (1.00) (2.70)��� (3.44)��� (5.51)���

Share of adult females 0.310 -1.089 0.387 -0.054 0.285
(0.72) (1.71)† (0.56) (0.16) (1.32)

Share of adol. males -0.045 0.652 1.172 0.496 0.885
(0.11) (1.06) (1.35) (1.23) (4.18)���

Share of adol. females -0.097 -0.837 0.271 0.196 0.094
(0.22) (1.25) (0.38) (0.60) (0.46)

Share of old males -0.307 0.769 1.325 -0.673 -0.259
(0.52) (0.69) (0.92) (1.03) (0.54)

Share of old females 0.623 0.062 -1.086 -0.514 -0.151
(0.97) (0.05) (0.71) (0.64) (0.30)

Ln(Height) 1.292 8.534 5.293 -0.766 0.755 1.402
(1.05) (5.05)��� (2.12)� (0.43) (0.73) (1.91)†

Ln(BMI) 0.016 0.053 1.356 0.745 1.575 0.725
(0.03) (0.10) (1.33) (0.77) (3.74)��� (2.22)�

Education of HH head -0.012 0.034 0.078 -0.019 0.045 0.020
(1.14) (1.83)† (2.16)� (0.52) (4.03)��� (3.16)���

AverageEducation -0.011 0.009 0.062 -0.073 -0.013 -0.012
(0.46) (0.24) (1.04) (0.98) (0.54) (0.86)

Ln(price of boro rice) -0.298 -1.817 -2.540 -0.582 0.089
(0.24) (1.21) (1.68)† (0.73) (0.16)

Ln(price of wheat) 0.616 -0.410 0.676 1.139 0.440
(1.68)† (0.44) (0.66) (2.33)� (1.64)

Ln(price of jute) -0.668 -0.448 -0.473 0.102 -0.096
(2.03)� (0.72) (0.72) (0.35) (0.48)

Ln(price of pwr tiller) -0.007 -0.190 0.088 -0.153 0.060
(0.05) (0.81) (0.43) (1.44) (0.95)

Ln(price of urea) 1.823 -2.540 1.690 3.977 1.715
(1.21) (1.05) (0.62) (2.78)��� (1.77)†

Ln(boro wage) -0.483 -0.563 -1.400 1.137 0.295 0.049
(1.41) (0.95) (1.43) (1.76)† (0.91) (0.23)

Site 1 dummy 0.857 -0.139 0.546 -0.085 0.190 0.450
(4.42)��� (0.44) (1.54) (0.26) (1.15) (3.99)���

Site 2 dummy 0.420 0.018 0.100 0.288 0.504 0.213
(2.08)� (0.06) (0.40) (0.58) (2.58)� (1.70)†

Constant -2.862 -23.094 -20.632 4.475 -9.985 -5.346
(0.39) (1.95)† (1.49) (0.38) (1.61) (1.19)

IMR -0.954 -2.456 -0.195 -0.201 -0.749
(1.42) (3.50)��� (0.40) (0.40) (2.69)���

Observations 896 528 145 392 757 927
R-squared 0.53 0.39 0.32 0.19 0.25 0.39
Robustt-statisticsin parentheses� significantat 5%; ��� significantat1%; † significantat10%
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TABLE 11: PROBIT RESULTS FOR ACTIVITY PARTICIP ATION (BMI ENDOGENOUS)
(1) (2) (3) (4) (5)

farm self salary wage off-farm

Ln(land) 0.753 -0.452 -0.032 -0.023 -0.676
(3.75)��� (8.06)��� (0.54) (0.41) (6.37)���

Ln(non-farm capital + 1) 0.024
(0.53)

Ln(farm capital + 1) 0.147 0.015 -0.030 -0.026 0.008
(2.26)� (0.97) (1.66)† (1.48) (0.37)

Age 0.298 -0.534 0.162 0.257 -0.272
(1.31) (7.13)��� (1.95)† (3.36)��� (2.79)���

Age2 -0.005 0.007 -0.002 -0.004 0.004
(1.48) (7.27)��� (1.94)† (3.77)��� (2.79)���

Ln(householdsize) 0.553 0.880 0.663 -0.078 0.886
(0.86) (5.62)��� (3.92)��� (0.47) (4.14)���

Share of adult males 1.551 0.955 0.406 1.792 1.498
(1.19) (2.24)� (0.83) (3.76)��� (2.65)���

Share of adult females 2.554 -0.497 0.570 -0.526 -0.628
(1.36) (0.93) (0.93) (0.88) (0.86)

Share of adol. males -0.926 3.739 -0.741 0.215 2.396
(0.43) (6.56)��� (1.17) (0.36) (3.27)���

Share of adol. females 0.163 0.948 0.435 0.935 0.865
(0.12) (1.84)† (0.76) (1.66)† (1.13)

Share of old males 0.418 0.361 0.684 -0.866 0.963
(0.14) (0.44) (0.75) (0.96) (1.02)

Share of old females 2.881 -5.215 2.611 1.048 -3.232
(0.85) (5.12)��� (2.36)� (0.95) (2.43)�

Ln(Height) 2.733 3.396 -0.901 -6.367 1.778
(0.60) (1.91)† (0.43) (3.15)��� (0.71)

Ln(BMI) -37.597 49.710 -11.990 -22.215 25.199
(1.91)† (10.60)��� (2.66)��� (4.83)��� (4.49)���

Education of HH head 0.158 -0.134 0.120 -0.021 -0.032
(1.98)� (7.35)��� (6.45)��� (1.13) (1.49)

AverageEducation 0.155 -0.248 0.195 -0.109 -0.136
(1.15) (6.97)��� (5.06)��� (2.72)��� (3.00)���

Ln(price of boro rice) -9.691 -1.240 3.561 1.796 3.049
(1.94)† (0.92) (2.31)� (1.28) (1.40)

Ln(price of wheat) 6.597 -4.189 0.620 0.998 -2.726
(2.19)� (5.70)��� (0.77) (1.13) (3.22)���

Ln(price of jute) 3.077 -2.386 -0.224 1.633 -1.500
(1.99)� (4.56)��� (0.40) (2.94)��� (2.34)�

Ln(price of pwr tiller) 0.067 -0.820 0.396 0.344 0.079
(0.09) (4.56)��� (1.93)† (1.75)† (0.31)

Ln(price of urea) 5.448 -0.453 4.399 0.598 0.007
(0.73) (0.21) (1.86)† (0.26) (0.00)

Ln(boro wage) 0.423 -2.216 1.801 1.154 -0.478
(0.21) (4.16)��� (3.00)��� (1.94)† (0.69)

Site 1 dummy -1.648 2.522 -0.373 -1.004 1.193
(1.31) (7.43)��� (1.02) (2.77)��� (2.58)���

Site 2 dummy -2.553 1.502 0.057 -1.849 0.138
(2.06)� (5.05)��� (0.17) (5.63)��� (0.35)

Father in agricultur e 0.107 -0.219 0.120 -0.092 -0.406
(0.35) (2.12)� (1.02) (0.83) (2.57)�

Flag missingobs. 0.456 -0.811 0.322 0.700 -0.446
(0.88) (3.73)��� (1.33) (2.87)��� (1.68)†

Residuals 38.933 -50.756 12.915 20.578 -26.172
(1.98)� (10.67)��� (2.82)��� (4.45)��� (4.58)���

Culti vable land inherited 2.712 -0.229 -0.284 -0.181 -0.281
(0.86) (1.53) (1.71)† (0.99) (1.50)

Constant 75.332 -126.098 11.579 79.109 -69.393
(1.46) (8.46)��� (0.74) (5.16)��� (3.44)���

Observations 924 927 927 927 927
Absolutevalueof z-statisticsin parentheses.� significantat5%; ��� significantat1%; † significantat10%
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TABLE 12: INCOME FUNCTIONS (BMI ENDOGENOUS)
(1) (2) (3) (4) (5) (6)

farm self-emp salary wage off-farm total

Ln(land) 0.530 -0.071 -0.072 -0.148 0.034
(11.15)��� (1.33) (1.34) (4.32)��� (2.03)�

Ln(non-farm capital + 1) 0.157 -0.125 0.057 0.038
(9.64)��� (5.90)��� (6.96)��� (7.24)���

Ln(farm capital + 1) 0.079 0.013
(6.49)��� (1.88)†

Age 0.057 -0.017 0.195 0.087 0.029 0.005
(1.14) (0.23) (1.03) (1.05) (0.76) (0.20)

Age2 -0.001 0.000 -0.002 -0.001 0.000 0.000
(1.04) (0.34) (0.86) (0.88) (0.60) (0.23)

Ln(householdsize) 0.308 0.553 0.313 0.600 0.711
(2.75)��� (3.26)��� (1.48) (5.32)��� (10.66)���

Shareof adult males 0.625 1.099 1.628 1.147 1.052
(1.90)† (1.83)† (2.68)��� (3.93)��� (5.59)���

Shareof adult females 0.307 -0.384 0.420 -0.065 0.285
(0.72) (0.63) (0.61) (0.19) (1.26)

Shareof adol. males -0.034 1.245 1.118 0.563 0.885
(0.08) (2.11)� (1.28) (1.40) (4.14)���

Shareof adol. females -0.097 -0.457 0.228 0.242 0.094
(0.22) (0.69) (0.32) (0.74) (0.42)

Shareof old males -0.267 -0.458 1.308 -0.711 -0.259
(0.45) (0.43) (0.91) (1.08) (0.76)

Shareof old females 0.612 0.468 -1.030 -0.538 -0.151
(0.95) (0.38) (0.67) (0.67) (0.38)

Ln(Height) 1.295 9.443 5.317 -0.650 0.810 1.402
(1.05) (5.78)��� (2.13)� (0.38) (0.79) (1.79)†

Ln(BMI) 0.021 0.020 1.398 0.791 1.511 0.725
(0.04) (0.04) (1.36) (0.82) (3.60)��� (2.74)���

Education of HH head -0.012 0.015 0.076 -0.015 0.046 0.020
(1.14) (0.85) (2.28)� (0.42) (4.09)��� (3.25)���

AverageEducation -0.011 -0.003 0.057 -0.066 -0.014 -0.012
(0.47) (0.08) (1.02) (0.95) (0.57) (0.92)

Ln(price of boro rice) -0.321 -0.829 -2.502 -0.354 0.089
(0.26) (0.55) (1.66)† (0.42) (0.15)

Ln(price of wheat) 0.619 -0.614 0.734 0.974 0.440
(1.69)† (0.64) (0.73) (2.01)� (1.62)

Ln(price of jute) -0.669 0.584 -0.508 0.152 -0.096
(2.04)� (1.13) (0.76) (0.52) (0.51)

Ln(price of pwr tiller) -0.011 -0.106 0.090 -0.116 0.060
(0.08) (0.46) (0.44) (1.08) (0.83)

Ln(price of urea) 1.855 -0.282 1.800 3.878 1.715
(1.23) (0.12) (0.66) (2.70)��� (1.88)†

Ln(boro wage) -0.496 -0.008 -1.411 1.123 0.364 0.049
(1.45) (0.01) (1.43) (1.72)† (1.12) (0.24)

Site1 dummy 0.862 -0.031 0.548 -0.082 0.198 0.450
(4.46)��� (0.10) (1.53) (0.25) (1.18) (3.98)���

Site2 dummy 0.416 0.136 0.105 0.346 0.413 0.213
(2.06)� (0.41) (0.43) (0.70) (2.17)� (1.80)†

IMR -0.838 -0.353 -0.234 -0.274 -0.322
(1.31) (1.46) (0.56) (0.60) (1.17)

Constant -2.913 -38.450 -20.639 3.528 -10.453 -5.346
(0.40) (3.65)��� (1.48) (0.30) (1.68)† (1.18)

Observations 896 528 145 392 757 927
R-squared 0.52 0.38 0.32 0.19 0.25 0.39
R&V Exog. test (p-value) 0.05 0.00 0.00 0.00 0.00
Hausmantest (p-value) 0.40 0.60 0.57 0.90 .27 0.60
Overidentification test (p-value) 0.31 .85 0.21 0.21 .76 .99
F-test (Excluded Instruments) 5.41 1.83 2.00 2.61 2.97 5.64
R2 (Excluded Instruments) 0.02 0.01 0.05 0.16 0.02 0.02
Robustt-statisticsin parentheses.� significantat5%; ��� significantat 1%; † significantat 10%

23



References

[1] Behrman,J. R., and A. B. Deolalikar. “Agricultural Wagesin India: The Role of Health,

Nutrition,andSeaonality.” in D. E.Sahn(ed.)SeasonalVariability in Third World Agriculture.

Baltimore:TheJohnsHopkinsUniversityPress,1989.

[2] Benjamin,D. “HouseholdComposition,LaborMarkets,andLaborDemand:Testingfor Sep-

arationin AgriculturalHouseholdModels.” Econometrica60,no.2 (1992):287-322.

[3] Bliss, C. and N. Stern.“Productivity Wagesand Nutrition Part I: The Theory.” Journal of

DevelopmentEconomics5 (1978):331-62.

[4] Bound,J.,D. A. Jaeger, andR. M. Baker. “ProblemsWith InstrumentalVariablesEstimation

WhentheCorrelationBetweenthe InstrumentsandtheEndogneousExplanatoryVariableIs

Weak.” Journalof theAmericanStatisticalAssociation90,no.430(1995):443-50.

[5] Deolalikar, A. B. “Nutrition and Labor Productivity in Agriculture: EstimatesFrom Rural

SouthIndia.” TheReview of EconomicsandStatistics70 (1988):406-13.

[6] Fafchamps,M., andA. R. Quisumbing.“Human Capital,Productivity andLaborAllocation

in RuralPakistan.” TheJournal of HumanResources34,no.2 (1999):369-406.

[7] Fogel,R. “EconomicGrowth, PopulationTheory, andPhysiology:TheBearingof Long-Term

Processeson the Making of EconomicPolicy." TheAmericanEconomicReview 84 (1994):

379-395.

[8] Garrow, J.S.,andW. P. T. James.HumanNutrition andDietetics.Edinburgh: Churchill Liv-

ingstone,1993.

[9] Haddad,L. J.,andH. E.Bouis.“The Impactof NutritionalStatusonAgriculturalProductivity:

WageEvidenceFromthePhillipines.” Oxford Bulletinof EconomicsandStatistics53(1991):

45-68.

[10] Hossain,M. Nature andImpactof theGreenRevolution in Bangladesh.IFPRI ResearchRe-

port67,Washington,DC: IFPRI,1998.

24



[11] Jolliffe, D. “Schooling,Cognitive Skills, andHouseholdIncome: An EconometricAnalysis

UsingDataFromGhana.” Ph.D.diss.,PrincetonUniversity, 1996.

[12] Leibenstein,H. EconomicBackwardnessand EconomicGrowth. New York: JohnWiley &

Sons,1963.

[13] Pitt, M. M., M. R. Rosenzweig.“Agricultural Prices,FoodConsumption,andtheHealthand

Productivity of IndonesianFarmers.” in Singh,SquireandStrauss(eds.)Agricultural House-

hold Models:Extensions,ApplicationsandPolicy. Baltimore:TheJohnsHopkinsUniversity

Press,1996.

[14] Pitt, M. M., M. R. Rosenzweig,andM. N. Hassan.“Productivity, Health,andInequality in

theIntrahouseholdDistribution of Foodin Low-IncomeCountries.” TheAmericanEconomic

Review 80,no.5 (1990):1139-56.

[15] Rivers,D. andQ. H. Vuong.“Limited InformationEstimatorsandExogeneityTestsfor Si-

multaneousProbitModels."Journalof Econometrics39 (1988):347-366.

[16] Sahn,D. E.,andH. Alderman.“The Effectsof HumanCapitalonWagesandtheDeterminants

of Labor Supply in a DevelopingCountry.” Journal of DevelopmentEconomics29 (1988):

157-83.

[17] Schultz,T. P., andA. Tansel.“WageandLaborSupplyEffectsof Illnessin CoteD’Ivoire and

Ghana: InstrumentalVariableEstimatesfor Days Disabled.” Journal of DevelopmentEco-

nomics53,no.251-286(1997).

[18] Shetty, P. S.,andW. P. T. James.BodyMassIndex: A Measure of Chronic Energy Deficiency

in Adults.FAO FoodandNutrition Paper56,Rome(1994).

[19] Singh,I., L. Squire,andJ.Strauss.Agricultural HouseholdModels:Extensions,Applications,

andPolicy. Baltimore:TheJohnsHopkinsUniversityPress,1986.

[20] Stiglitz, J.E. “The Efficiency WageHypothesis,SurplusLaborandtheDistributionof Income

in L.D.C’s.” Oxford EconomicPapers 28 (1976):185-207.

25



[21] Strauss,J.“DoesBetterNutrition RaiseFarmProductivity?” Journalof Political Economy94

(1986):297-320.

[22] Taylor, J.E.,andA. Yuñez-Naude.“The ReturnsFromSchoolingin aDiversifiedRuralEcon-

omy." AmericanJournal of Agricultural Economics82(2000):287-297.

[23] Thomas,D., and J. Strauss.“Health and Wages: Evidenceon Men and Womenin Urban

Brazil.” Journalof Econometrics77 (1997):159-85.

[24] Welch,F. “Educationin Production.” Journalof Political Economy78,no.1 (1970):33-59.

[25] Yang,D. T. “Knowldege SpilloversandLabor Assignmentsof the Farm Household.” Ph.D.

diss.,Universityof Chicago,1994.

26


