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ABSTRACT

This paperestimateghe returnsto healthandnutrition in both farm and off-farm
actvities of agriculturalhouseholdsn rural Bangladesh.The findings of this paper
indicatethatthe healthof adultsin rural Bangladeslinfluencesghe householdsthoice
of emplgymentactiities aswell astheir incomesgiven their participationdecisions.
Adult heighthasa significantpositive effect on off-farm self-emplgmentincomesas
well astotalhouseholdncomes.HigheradultBMIs alsoappeato increasdotal house-
holdincomes.
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1. Intr oduction

The consequencesf adultill-health arefar reaching. lll-health amongadultsoften threatenghe
financialsecurityandwell-beingof bothadultsandtheir dependentsThe effectsof adultill-health
canstretchacrossgenerationssinceundernutritionduring pregnang hasa negative effect on the
birth weight of infants. Thereis alsoevidenceto indicatethat adult nutrition hashada profound
impacton nationaleconomicgronth anddevelopment(Fogel, 1994). A groving numberof socio-
economicstudieshave examinedthe privatereturnsto improved healthandnutrition in developing
countries.Themajority of studiesn rural settingshave focusedon thereturnsto farmproductionor
thereturnsto healthin thewagelabor market. Usinga new datasetfrom Bangladeshwhereadult
malnutritionis still widespreadthis papereexamineghereturnsto healthandnutritionin bothfarm
andoff-farmactwities of rural householdsSincehouseholdsespondo economicpportunitiesy
reallocatingresourcest is possiblethat part of the gainsof improved nutrition and healthwill be
realizedvia areallocationof laborfrom farmto off-farmactiities. *

Adult healthand nutrition statusin this studyis measuredy heightand BMI. Adult height
is ostensiblyan indicatorof childhoodnutrition status,reflectingthe accumulategastnutritional
experienceof individualsfrom infangy to adulthood.BMI, ontheotherhand reflectsthebody’s en-
engy storesndependendf heightandis anindicatorof currentnutritional status.Clinical aswell as
socio-economistudieshave associatedboth stunting(asreflectedoy height)andwasting(asmea-
suredby BMI) duringadulthoodwith reducedohysicalwork capacity andincreasedusceptibility
to morbidity andmortality (Garrov andJames1993; ShettyandJames1994).

Thefindingsof this paperreveal thattherearesignificantreturnsto healthandnutritionin the
rural economyof BangladeshThe healthof adultsin rural Bangladeshnfluenceghe households’
choiceof emplogymentactiities aswell astheirincomesgiventheir participationdecisions.Adult
heighthasa significantpositive effect on off-farm self-emplymentincomesaswell astotal house-
hold incomes. Higher adult BMIs also appearto increaseoff-farm incomesand total household
incomesperhapgeflectingthe sizablereturnsto strengthin an economythatis still characterized

by relatively laborintensive emplg/mentactiities.

1The importanceof consideringooth farm andoff-farmwork of rural householdsn estimatingreturnsto education
andhealthin developingcountrieshasbeenrevealedby the recentwork by Yang(1994),Jolliffe (1996),Fafchampsand
Quisumbing(1999),andTaylor and Yufiez-Naud€2000).



Thepapercommencesvith abrief summaryof resultsfrom existing studieshathave estimated
thereturnsto healthandnutrition. Thefollowing sectionsoutlinethe theoreticabasisfor the study
andthengoonto describeghedataandvariablesusedin theestimationsThefinal sectiondiscusses
the estimatiormethodstheresultsandconclusions.

2  Literatur e Review

A concretetheory linking wagesand productvity adwancedby Leibenstein(1957) and later
refinedby Stiglitz (1976),andBliss andStern(1978)is consideredo have laid the foundationgor
the economicstudy of nutrition and productvity. In recentyearsseveral studieshave attempted
to empirically examinethe linkagesbetweemutrition andlabor productvity, andhave concluded
thatthereare substantiateturnsto healthin labor marketsin developingcountries.Analysesthat
have usedrural market wagesasmeasuresf productvity have foundthattherearesizablepositve
returnsto healthas measuredy BMI, weight-forheight, caloric intake and height. Deolalikar
reportsanelasticityof ruralwageswith respecto weight-forheightof 0.66in his studysetin India.
Using the samedataset,andtaking seasonalityariability into account,Deolalikarand Behrman
(1989) found that weight-forheight had an elasticity of 0.66 during the slack months,and 0.27
during peakmonths. The coeficient on calorieintakes in this studywas only significantduring
peak months(with an elasticity 0.27). The authorssuggesthat their resultsmay be attributed
to the factthat peakseasortaskssuchashanestingmay requiregreatersustainechumanenegy
expenditurethan slack seasortasks,but may not requireas muchinnatestrengthasreflectedby
weight-forheight. Sahnand Alderman(1988Yyeportthat percapitacalorieintakes had a positive
andsignificantimpactontheproductvity of rural Sri-Lankanmen,but notfor women.Theirresults
suggesthatproductvity asmeasuredby wageswill increasdy 2% if calorieintake is increasedy
10% (Sahnand Alderman,1988: 176). In HaddadandBouis’ (1991)studysetin the Philippines,
heightwasa significantpredictorof wagesfor adultsalthoughcoeficient estimatefor BMI and
calorieintake werenot significant. The studyreportedan elasticityof wageswith respecto height
of 1.36suggestinghatproductvity increasedn their suney areawould berealizedwith improved
childhoodnutrition andhealth.

Schultzand Tanselexaminethe effect of adult morbidity on rural wagesin Coted’lvoire and

Ghana(1997). Using a quadraticfunction of daysof acutedisablingillnessin their wageestima-



tions, the authorsfind that disableddaysare associatedvith a 33% and 25% reductionof wages
in Coted’lvoire and Ghana respectiely (Schultzand Tansel,1997: 278). Finally, in one of the
only publishedstudiesof urbanwages,Straussand Thomas(1997) reportan elasticity of wages
with respecto heightof 3.92andwith respecto BMI of 4.74for Brazilianmen. They alsofind
evidenceof positive returnsto calorieintakesatlow intake levels. Theauthorscalculateanelasticity
with respecto caloriesof 1.6 for menin the bottomquartileof enegy intake (1700calories/day).
However, the effect becamenegative andinsignificantfor thosewho consumedyreaterthan 1950
calories.

Among studiesthat useoutput, profit or incomesasmeasure®f productvity thereis alsoevi-
denceof positve returnsto healthandnutrition. Strausg1986)reportedarural calorie-outpuelas-
ticity of 0.34atthesamplemean.At daily enegy intakesperconsumeequialentof 1,500calories
Strausgound that the calorie outputelasticitywas ashigh as0.49. Whenenegy intake reached
4500 caloriesoutputelasticity fell to 0.12. Although Deolalikar (1988)did not find a significant
calorie productvity relationshipin his study of farm outputin India, he found that the elasticity
of weigh-forheightwith respecto farm outputwas 1.9 andsignificant. Deolalikars resultsmay
suggestshatalthoughthe humanbody canadaptto inadequatautrition in the short-run,it cannot
adaptto it aseasilyin themediumor long run (Deolalikay 1988:412). Pitt andRosenzweig1986)
examinethe effect of ilinessof the householcheadandhis/herspouseon farm profitsin Indonesia.
Theresultsof this studycould not supportthe hypothesighatillnessaffectedfarm profits.

FafchampsandQuisumbings (1999)studysetin rural Pakistarwasoneof thefirst to attemptto
estimatethegainsin bothproductve efficiency andallocative efficiency dueto improvededucation
and health. The authorsexaminewhetherhumancapital raisesproductvity in crop production,
livestockrearingandnon-farmself-emplgment. Theresultsof this studyindicatethatBMI enjoys
significantpositive returnsin crop production. Furthermorethe authorsfind thattaller menand
thosewith higherBMIs weremorelikely to undertak non-armwork andherding(Fafchampsand
Quisumbing,1999:390).

3  Theoretical Framework
Theimpactof adulthealthon householdncomeandlaborsupplycanbe examinedundertheframe-

work of anagriculturalhouseholdnodel(Singh,Squireand Strauss1986).



Assumea householdjointly maximizesutility suchthatU = U(YfYg,l,H). Yf and Y7 are
the householdconsumptionof farm and non-farm commoditiesrespectiely, | is the household
consumptionof leisureand H is the householdhealth status. The householdmaximizesutility
subjectto certainproductionfunctions,time and budgetconstraints. The household production

functionfor farm (f) andnon-farm (0) goodscanbewritten as:

Yi :Yi(EaHaXiaLiaZ) I = f70

Y; is the householdporoducedfarm and non-farm commoditiesL; represent$amily laborin farm
andoff-farmproductionactvities, X; representsnarket purchasedariableinputs? andZ represents
semi-fixed factorsusedin production. In additionto labor, variableinputs andfixed factors,the
productionof bothfarmandoff-farmgoodsis affectedby the household educationE) andhealth
statug(H).

Thehousehold time constraints:

Wherel,, representfiouseholdabor in off-farm wageand salariedemployment. The time con-
straintessentiallympliesthattotalhouseholdabortime (T) is dividedbetweerfarmwork, off-farm
self-emplymentwork, wageandsalariedwork andleisure.

Thehousehold cash-incomeonstraints:

WhereP is the outputprice of thefarmcommodity P, is the outputprice of the non-farm product,
Py is a vector of pricesfor farm and off-farm variableinputs, w is the market wagerate andV

representbouseholdxogenousncomesuchasremittancegndreliefincome.Thetimeandbudget

2Hired laboris includedin thevectorX.



constraintcanbe collapsedo derive thefull-income constraint:

PrYs + PoYo+ Wl = PrYf + PoYo — BX —Who —WLi +WT+V (%)

whereX = Xy + X;.
In thepresencef perfectmarketsprofit maximizationimpliesthatthereturnsto variableinputs

areequatedvith their prices.

aYi
oL

Theseequationscan be solved to yield the reducedform demandfunctionsfor family labor and
variableinputs:

I—T = Li(PIaPX7WazaE7H)
Xi* :Xi(PHPXaWaZaEaH)

A key featureof the agriculturalhouseholdmodelis thatin the presenceof perfectmarkets for
labor, inputsandoutputs the household consumptiorandproductiondecisionsareseparableAs
aresult,the householdroblemcanbe solved recursvely, first maximizinghouseholdorofitsfrom
farm and off-farm self employmentactvities, and then maximizing utility subjectto equation(*)
wheretheright handsideis replacedoy thevalueof full incomeassociateavith profit maximizing.

In orderto analyzethe effect of householdhealth statuson householdincomelet farm and

off-farmincomeberepresentetdy I andll, respecuely.

M = PrYs — PX¢

I_Io = I:’oYo - I:’xxo

Substitutingthe profit maximizinglevels of laborandvariableinputsinto the householdarm and



off-farmincomefunctionswe get:
)F = Pfo (E, H ,XF(PH PXaWa Ea H az)a L?(PI,PXa\Na Ea H,Z),Z) - PXX?(PI,PXa\Na Ea H,Z)

I-Iz = POYO(EaHaxg(Pl,PXa\NaEaHaz)aL?)(PI,PX’VVaEaHaZ)aZ) - PXX(;k(PI,PX’VVaEaH’Z)

Let I* =M% + Mg representotal householdncomeat the profit maximizinglevels.

Takingderivative of [* with respecto H we obtain?

ont+ aY;
= Pr= 4 Py(

0Y; OL¢ P oYt
oH oH

axf aYO aYo aLo aYo
o on) T Prax, —

Px)a—H-l‘Poa—H-l-Po(a—LO?) +( °3%e

0Xo
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Thefirst threetermsin the above expressiondecomposehe effect of healthon farmincomes
into a productvity effect andallocationeffects. Similarly the effect of healthon off-farmincomes
is reducednto a productvity effectandallocationeffects. Althoughwe canassumehatthedirect

effect of healthon farmandoff-farmoutputis positve (% > 0), theeffect of healthon netfarmor

off-farmincomeis ambiguousecausef theallocationeffects(% and%) .

4 Data& Variables

The datausedin this studyis from a recenthouseholdsurney conductedn rural Bangladestby
IFPRI, BIDS andINFS# Theprimary purposeof thesuney wasto evaluatetheimpactof new agri-
culturaltechnologyadoption(commercialvegetableproductionandpolyculturefish production)on
rural householdncomesandhealth. The sureys were carriedout in threesites,namelyJessore,
Mymensinghand Saturia. Thesethreesitescover 5 Thanasand 47 villages of Bangladesh.As
partof thesuney, 956 householdsvereintervieved four timesduring a sixteenmonthperiod® and
informationwasgatheren awide rangeof householdactities includingagriculturalproduction,

self-emplyment, off-farmwagework, householdxpendituresfood consumptiontime allocation

andanthropometricsin total, datawascollectedon approximately5500individuals. For the pur

3In his seminalarticle on educationin productionWelch (1970) demonstratedhat the returnsto educationinclude
allocative ability in additionto thedirectproductvity or "worker" effect. Welchalsoestablishedhefactthatengineering
productionfunctionsonly reveal the worker effect whereagrofit or valueaddedfunctionscancaptureboth the produc-
tivity andallocative effectsof educationWelch,1970:45).

4|FPRI(InternationaFoodPolicy Researclnstitute),BIDS (Bangladestinstituteof DevelopmeniStudiesandINFS
(Instituteof Nutrition andFood Science)DhakaUniversity.

5June1996-Septembetr997.



posesof estimation,this paperusesdatafrom rounds2-4 of the suney therebycapturinga full
calendaryearfor eachhousehold.

Household_abor Allocation

In the suney eachhouseholdeportedabor allocationof individual householdnembersn major
employmentactivities. The datacollectedis extremelydetailedwith householdseportingfamily
laboruseat the individual tasklevel for eachemploymentactiity.” Householdsimilarly reported
their off-farmlaborallocationby individual membersn wageactvities andself-emplgmentacti-
ities.

Theindividualsparticipatingin the surney engagen a diverserangeof employmentactiities.
Thirty six percentof adultmalesreportedthattheir main occupationvasfarming. Approximately
9% work in salariedemployment,andsimilar numbersvork asagriculturaldaylaborersorin small
tradeactvities® Labor allocationin differentactyities in the suney sitesis strongly seyregated
alonggenderlines. Eighty two percentof womenreportedthat householdvork wastheir major
occupation Religiousandculturalnormsin mary of thevillagesdiscouragevomenfrom working
in the rice paddies. Womenare thereforeprimarily responsiblgfor the post-harest agricultural
actvities thatarecarriedout within the confinesof the domesticcourtyard(winnowing, parboiling
anddrying). On average duringthe year 19% of householdabortime® is spentin crop actwities,
25% rearinglivestock,32% in self-emplyment, 16% in wage emplgymentand 7% in salaried
employment. Table 1 and Table 2 provide a breakdavn of labor by formal employmentactiities
disaggrgatedby ageandgender Sixty two percentof thetotal labortime in the 12 monthperiod
analyzedin this paperwas provided by adult men. Adult womencontrituted 23% of total labor
time in employmentactivities!® Adult malesandadolescentalesprovide muchof the labor for

crop activities up to andincluding the time of hanest. Adult femalesand adolescenfemaleson

6The estimatesisedatafrom rounds2-4 sincetherecall periodfor theagriculturalproductiondatacollectedin round
1 differsbetweerhouseholds.

"For example,individualsparticipatingin crop productionactiities reportthe time they spenton ploughing, trans-
planting,weedinghanestingetc.

8Thesenumbersareusinground4 datafor all individualsbetweenl8 and65 yearsof age.

9Householdabortime refersto householdaborhoursin employmentactivities otherthanhouseholdvork.

10Thesenumbersdo not take into accountthe householdwvork performedby womenandmen. Time allocationdata,

from the 24 hourtime allocationsectionof the suney, revealsthatwomen(in round4) on averagespend37% of time
in work actiites (householdwvork, farmwork andoff-farmwork). Men on the otherhandspend25% of time in work
actities.



the otherhandbearthe bruntof responsibilityfor post-haresttasks.Both menandwomenspend
comparableamountsof time raising livestock,althoughmen do the majority of work relatedto

aquaculturewageemployment,self employmentandsalariedemplg/ment.

Table 1: Labor Allocation in all Employment Activities
LaborType | Share

Adult male(18-65) 62%

Adult female(18-65) 23%
Adolescenmale(12-18) 8%
Adolescenfemale(12-18) 2%

Child (<12) 2%

Old male(>=65) 3%

Old female( >=65) <1%

Table 2: Sharesof Labor Allocated to Individual Employment Activities by Age and 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%
Adolescenmale 14% 4% 5% 10% 10% | 6% 3%
Adolescenfemale| 1% 8% 1% 3% 1% 1% 2%
Child 3% 2% 1% 5% 0% 1% 0%
Old male 3% 1% 5% 3% 2% 3% 3%

Householdncome

Correspondindo their participationin employmentactvities, householdslerive theirincomefrom
a diverserangeof actvities both on andoff the farm. Eighty two percentof suneyed households
obtainedincomefrom both farm and off-farm actwvities. Householdfarm incomewas calculated
by addingprofitsfrom crop production fish productionandincomefrom livestockactvities. Crop
profits werecomputedby valuing cropshanestedandsubtractingthe costsof variableinputspur
chasedy the householdncluding seedsfertilizers, pesticidesandhired labor Valuing the total
hanest,asopposedo salesonly, acknavledgesthe factthatthe majority of householdeonsumea
significantportionof theirfarmproductsandsave aportionof their cropsfor useasseedn addition

to whatthey sellin themarket!! Pondprofits andlivestockincomewerederivedin a similar fash-

11Thevalueof cropwastedwasnot takeninto accountput thiswasa very smallfractionof productionandunlikely to
significantlybiasestimates.



ion.1? Off-farmself employmentincomewasreportedon a monthly basis(netof the valueof fixed
capital)andwasaggreatedfor eachhousehold.Total off-farm incomewas calculatedby adding
wageincome,self-emplymentincomeandincomefrom salariedemployment.

On average35% of householdncomewasderived from farmactvities (crops,pondsandlive-
stock)!® Self-emplymentincomeconstitutesanadditional30%of householdncome followed by
wageincomeandsalaryincome,11%and10%respectiely. Nine percenpf householdncomesare
from remittancesTable3 summarizesveragehouseholdncomesn takaby employmentactiities
andland ownership(a proxy for wealth). Crop profits accountfor 50% of householdncomesfor
household®owning greaterthan 2 acresof land. On the otherextreme,crop incomesaccountfor
slightly lessthan 10% of total householdncomesfor householdghat own lessthan0.1 acresof
land. Householdghatarelandlesspr virtually landlessrely on wageandself-emplgmentactvi-
tiesastheirmajorsource®f earnings.Thewageemploymentactiities aregeneralljaborintensive
taskssuchashanesting,weedingandtransplantingcropsandnon-agriculturalvork suchasearth

diggingandconstruction.

Table 3: Incomein Taka by Sourceand Ar eaof Land Owned by Household
Landowned| Crops | Ponds | Livestock| Wage | Self-emplyment| Salaryincome
<0.lacre 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
<lacre 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
>2acres | 26,542.33| 3,829.75| 4,269.57 | 655.10 10,547.80 6,178.01

Health, Nutrition and Education

As mentionedn the introduction,the study usesheightand BMI asmeasure®f adulthealth
status.Anthropometricdata(weight, heightandthe mid upperarm circumferenceyverecollected
from all householdnembersas part of the suney. In orderto arrive at a measurdor household
health status,individual heightand BMI were aggregatedto the householdevel by calculating

the averageheightand BMI of adult householdnembers(18-65yearsof age)participatingin a

12| includelivestockrevenueg(from the saleof animalproductssuchaseggs,milk andsmallanimals)andnot profits
in thetotal incomecalculation.

13computedncomedoesnot includeincomefrom non-plotproduction the valueof collectedfood, or netfood trans-
fersto thehousehold.



givenactiity. 14 The numberof yearsof formal schoolingcompletedby the householchead,and
theaverageyearsof schoolingof adultsin the householdxcludingthe householcheadareusedas
measuresf education.TaylorandYufiez-Naudg@ointoutthathousehold# rural Mexico diversify
their incomesthroughtheir children,and hencethe schoolingof householdnembershesideshe
householdheadis an importantfactor determiningtotal householdincomes(Taylor and Yufiez-

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
T Numbersareaveragesy employmentactiity andgender

Adultsin thesuney household$iave avery low level of education Adult menhave anaverage
of 4 yearsof formal educationwhile womenhave merely2 yearsof formal education.Twentyfour
percenof adultmenand40%of adultfemaledn thesamplearenotliterate. Table4 summarizeshe
humancapitalvariablesby laborallocation,andgender Averageper capitacalorieintake is around
2,500calorieswith adultfemalesconsumingapproximately7OOcalorieslessthanadultmales.The
averageBMI of adultmenandwomenin the surney householdsvas18.56and18.73respectiely.
Table5 summarizeshe percentagelistribution of chronicenegy deficieny (CED) by genderand

expenditurequintiles!® As revealedin Table5, approximatelyl 8% of adultmenand22% of adult

14n otherwords, the variablerepresentingdM! in the farm incomefunction is the meanBMI of adult household
membergarticipatingin crop production pondproductionandlivestockproduction.

15BMI in therangeof 18.5-25areconsiderechormal. A BMI valueof 17-18.4is anindicatorof mild malnutrition
(CEDI). BMIs of 16-16.9provide evidenceof moderatenalnutrition(CED Il) andBMls lessthan16 arealmosta sure
signof severemalnutrition(CEDIII) (ShettyandJames1994:19).

10



Table 5. PercentageDistrib ution of CED in Adults by Gender and Expenditure Quintile
Male Female

Quintile | CEDIII | CEDIl | CEDI | Normal | BMI >25 | CEDIII | CEDIl | CEDI | 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 1455 | 26.76 47.42 0.47

3 4.66 9.68 | 36.92 48.75 0.00 8.30 13.10 | 23.14 54.15 131

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

womenappearo be moderatelyto severely malnourishedsreflectedoy their BMI.
Prices,Wages,Fixed Capital and HouseholdDemaraphics
Priceswagesandfixedcapitalappeaasargumentsn boththehouseholdncomeandlabordemand
functions. The pricesof bororice 16 wheatandjute areusedto reflectoutputprices. Input prices
includethepriceof ureaperkg andthepriceof hiring apowertiller (priceperdecimal)l’ Fixedcap-
ital in farmactvities is measuredy thevalueof agriculturalequipmenbwnedby the household?®
Householdgarticipatingin self-emplymentactvities directly reportedthe value of fixed capital
usedin self-emplgment. The wagerate usedis the boro hanestingwagefor adult maleworkers.
All pricesandwagesarevillage level averages? Finally, variablesepresentindgiouseholdsizeand
compositionareincludedin both the participationandincomefunctions. Thesevariablesinclude
theshareof adultmales(18-65years) the shareof adultfemalestheshareof adolescentales(13-
18years) the shareof adolescentemaleg(13-18years)andthe shareof elderly malesandfemales
(> 65years).Benjaminshaws thatin the absencef perfectlabor markets,householccomposition
is animportantdeterminanof farmlabor use(Benjamin,1992: 287). Estimatesf householda-
bor supplyandlabor demandfunctionsindicatedthat householdabor supplyis a determinanof
householdabor demand therebyproviding evidenceof non-separabilitypetweenproductionand
consumptiordecisiondor householdsn the surwey villagesin Bangladesh.

4  Estimation Methods

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

17A decimalis equivalentto 0.01acres.

18Calculatedrom themoduleon householdassebwnership.

190utput priceswere computedfrom the moduleon crop disposition. Householdseportedquantitiesand valuesof
cropssold. Thesefigureswerethenusedto calculatea unit priceatthevillage level. Therentalprice of powertillers and
theborowagearereportedn aseparatenoduleon communitylevel characteristics.
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It is assumedhatincomefrom farm or off-farm actwvities is obsered only if the household
choosedo participaten theactvity. A householgarticipatesn agivenactuity i if thehousehold
total expectedncomeassociatedvith participationin the actwity, g, is greaterthanor equalto the

household total expectedncomefrom not participating,ry.2°

Mi#£0 if >
M =0 otherwise

Assumingarandomexpectedncomemodel,incomeis comprisedf adeterministiccomponent

andanunobsered, stochasticomponent

TG = TG +&

Let

TG = O + 0giH + azU;

whereU; denotetherdeterminant®f incomeexcluding healthin actwity i.

Thereforenetincomerll; is obseredwith a probability of

Pr(M; # 0) = Prley — & < J] €3]

where

Ji = agi — Ogir + (ag; — agir)H + (az — agi)U;

Assumingg; andgy areapproximatelynormalwith zeromeansandafinite variancecovariance
matrix that is constantover all obsenations,in the first stagel estimate(**) usinga maximum
likelihood probit model. The estimatedcoeficients from the probit modelfor farm and off-farm
participationarethenusedto calculatethe inversemills ratio MR, = —g((—jii)) whereq() denoteghe

standarchormaldensityfunctionand®() denoteghe normaldistribution function, both evaluated

20The econometricsetupheredravs heavily on Taylor andYufiez-Naude2000.
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atJ.. In the secondstage farmand off-farmincomefunctionsare estimatedncluding the inverse
Mills ratio to correctfor sampleselectionbias. Variablesrepresentingvhetherthe fatherof the
householcheadfarmed,andthe amountof cultivable land inheritedby the householdare usedto
identify the selectionequation.

BMI is treatedasan endogenousariablein the secondstageestimation. Sinceheightis pre-
determinedduring adulthoodit is assumedo be exogenous.Therearea numberof reasonsvhy
BMI shouldbetreatedasanendogenousariablein theincomefunctions.First,incomeandhealth
statusaresimultaneouslyeterminedWhile betterhealthmayimprove worker productvity, higher
productvity, andin turnincreasedncomes,may be usedto malke further healthinvestments Sec-
ond, theremay exist unobserable factorsthat influenceboth healthandincomes. Finally, BMI
maybemeasuredvith error Estimationby ordinaryleastsquarewvill thereforeresultin biasedand
inconsistentoeficient estimatesiueto the correlationbetweerhealthstatusandthe errortermin
theincomefunction. In orderto correctfor the endogeneityf healthstatusthe farmandoff-farm
incomefunctionsareestimatedusing2SLS.

Estimatesof adult BMI demandfunctionswere usedto guidethe selectionof instrumentgor
the 2SLSestimation.Finding plausibleinstrumentds challengingsincethe instrumentshouldbe
correlatedwith BMI, but thereshouldnot be ary direct associatiorbetweenthe instrumentsand
householdncomes. Studiesthat have estimateahe returnsto healthusingwagefunctionshave
reliedonfood pricesandnon-laborincomesto instrumentendogenoufealthvariables.The setof
instrumentaisedin this paperincludea dummyvariablerepresentingvhetheror notthevillage had
aclosedsavagedrainagesystemadummyvariablerepresentingvhetherthevillage hada primary
school,andthe village pricesof fuel (kerosenepndcigarettes.The existenceof a primary school
in thevillage hasa significantandpositive coeficient whenincludedin the estimate®f adultBMI
demandfunctions. It could be hypothesizedhat primary schoolsalso provide a venuefor adult
educationor extensionclassesandthushave a positive effect on adult nutritional knowledgeand
health. The useof communityvariablesrepresentinghe healthand diseasesrvironmentis only
valid in a settingwherefamiliesdo not move to differentvillagesbecausef their characteristics.
This assumptions probablyvalid in the surney sitesin Bangladestastheredoesnot appeaito be

agreatdealof in or out migration. The majority of land ownedby householdsvasinheritedfrom
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their parents.
5. Results

Sincethe selectednstrumentsare only weakly correlatedwith BMI, the participationandin-
comesfunctionswerefirst estimatedisingadultheightasthe solemeasuref healthstatus.These
resultsaresummarizedn Table7 andTable8. Table6 providessummarystatisticsof the variables
usedin the study Thefinal estimationsamplewascomprisedof 927 householdd! As would be
expected,land ownershipandthe value of farm capitalincreasethe probability that a household
will participatein farm emplogyment. At the sametime, land ownershipis associatedvith a de-
creasen the likelihood of participationin off-farm employmentactiities. Health statusappears
to affect participationin employmentactivities. Specifically householdsvith taller adultsareless
likely to participatein ruralwageemplo/ment. Larger householdsindhouseholdsvith moreadult
maleshave a higherprobability of participatingin off-farm employmentperhapgeflectingthe fact
that larger householdsare morelikely to diversify their incomes. Thereappearto be significant
regional differencesn householdparticipationin farm andoff-farm employmentwith households
in Mymensinghbeinglesslikely to engagen off-farm employment, other factorsheld constant.
Educationof the householdheadis a key determinantf whethera householdarticipatesn salary
andwageemplg/ment. Householdsvherethe householcheadhasa higherlevel of educationas
reflectedby yearsof schooling,are morelikely to participatein salaryemploymentandareless
likely to participatein wageemployment.

Theresultsfrom theincomedunctionestimatesevealthatadultheighthaslarge positive returns
in off-farm self-emplgment. A 1% increasdn adult heightis associatedvith a 8.5%increasdn
householdself-emplgmentincomes. Adult heightalsohasa positive and significantcoeficient
in the combinedself-emplymentandwageincomefunction. Overall, increasingadult heightsby
1% will increasetotal householdncomesby 1.4%. Not only are householdsvith more educated
householcheadsmorelikely to participatein off-farm self-emplgment and salaryactiities, but
thesehouseholdsalsoenjoy significantpositive returnsto educationin theseactvities. Increasing

the educationof the householdcheadby 1% will increasehouseholdsalaryincomesby 4.6% and

2INine householdsveredroppecbecauseéhey hadnegative farmincomes Twentyadditionalhouseholdsveredropped
becaus®f missinganthropometrior educatiordata.
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householdself-emplymentincomesby 0.80%,respecirely(evaluatedat the means).The inverse
mills ratiois significantin the self-emplgmentandtotal off-farmincomefunctionsindicatingthat
self selectioninto actiities is animportantfactorin determininghouseholdncomes.

Tables9 and10 summarizehe resultsof the participationequationsandthe incomefunctions
whenBMI is includedasanexplanatoryvariable.BMI is treatedasanexogenousariablein these
estimates. Although the coeficients are likely to be biasedthey enableus to comparethe OLS
estimatesvith theinstrumentalariableestimatesn tablesl1 and12. Theinclusionof BMI does
not significantlychangehe resultsof the participationandincomefunctions. The mostnoticeable
differencds thatthevariablerepresentingheeducatiorof thehouseholdeadappearso beslightly
smaller but still significant. ThecoeficientonBMI is positive andsignificantin thecombinedvage
andself-emplgmentincomefunction,aswell asin the off-farmandtotal householdncomesfunc-
tions. The resultsindicatethatincreasingadult BMI by 1% will increaseotal householdncomes
by 0.70%.

Tablesl1 and12 summarizeheresultsof the participationandincomefunctionswhenBMI is
instrumented The tablesalso provide the F-testsand R? valuesfor the regressionsof BMI on the
excludedinstrumentsalongwith the p-valuesfrom the Hausmarest,testsof overidentificationand
theRiversandVuongexogeneitytestfor theprobitmodel(RiversandVuong,1988).Instrumenting
BMI in the participationequationleadsto universalrejectionof exogeneityin the probit participa-
tion equationsThe coeficientson BMI aresignificantin all the participationequationsandappear
to indicatethat householdsvith higheradult BMIs arelesslikely to work on the farm and more
likely to participatein off-farm emplgyment actvities with the exceptionof salaryemplg/ment.
Hausmartestscomparingthe 2SLSestimategnot reportedhere)with the OLS estimatedailedto
rejectthe null hypothesighatthe OLS estimatesreconsistenandasymptoticallyefficient, thereby
indicatingthatthe incomefunctionscanbe estimatedvia OLS. The useof additionalinstruments
indicatingthe presenceof a pharmag in the village, the numberof marketsin a village andthe

distanceto thenearesmarket did not changetheseresults.?2

22t shouldbe notedthatthe excludedinstrumentsareonly weakly correlatedto BMI. StaigerandStock(1994)shav
that1/F in the regressiorof the excludedinstrumentson the endogenousegressoiis anapproximatiorof the biasof the
2SLSestimategowardsthe OLS estimatesThe authorssuggestn F statisticof 10 asa critical valuefor the testof the
validity of the excludedinstruments.
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Thenoticeabldifferencebetweerthe estimatesvhereBMI is treatedasanexogenoussariable
and the estimatespresentedn tables10 and 11 is that the IMR is no longer significantin the
off-farm and self-emplgment equations.Moreover the coeficient on the IMR in all the income
function estimateds significantly smaller This result may be suggestinghat BMI is capturing
theunobsered heterogeneityn characteristicshataffectsthe selectioninto differentemplg/ment
actiities. Onthe otherhandtheseresultsmaybe biasedbecaus®f theweakinstruments.

6. Conclusions

This paperestimateghe returnsto healthand nutrition in both farm and off-farm actvities of
rural householdén BangladeshEconometriaesultsindicatethathealth like educationjnfluences
householdsthoiceof employmentactiities andtheirincomesgiventheir choices.Therewardsto
betteradult healthasmeasuredy heightandBMI appeatto be fairly substantial.A 1% increase
in adultheight(1.56cm)is likely to increasdotal householdncomesby 498taka(evaluatedatthe
means).Similarly, a 1% increasen averageadultBMI (.19 units)is likely to increaseéhousehold
incomesby 257 taka. Educationalsoenjoys fairly large returns especiallyin off-farmemployment
actvities. Overall a 1% increasen the educationof the householchead(an additional0.03years
of schooling)is likely to increasehouseholdncomesby 213 taka. In its 1999 Annual Reportthe
World Bank statesthat underinvestingin humancapitalin SouthAsia is partially responsibldor
thefactthatSouthAsia has40% of theworld’s pooreventhoughtheregion only accountdor 20%
of the world’s population. The resultsof this paperseemto affirm thatimproved humancapital

investmentsvould resultin higherincomesfor rural household$n 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
Age’ 927 | 1331.913 | 511.8823
Ln(householdsize) 927 | 1.653667 | 0.4113282
Share of adult males 927 | 0.2718534| 0.1333163
Share of adult females 927 | 0.2624784| 0.1109744
Share of adol. Males 927 | 0.0682911| 0.1084328
Share of adol. Females 927 | 0.0596777| 0.0995234
Share of old Males 927 | 0.0225199| 0.0698551
Share of old Females 927 | 0.0169275| 0.054036
Ln(price of bororice) 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
Site 1 927 | 0.3290183| 0.4701103
Site 2 927 | 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) (@) 3 @) (5)
farm self salary wage off-farm
Ln(land) 0.480 -0.135 -0.101 -0.147 -0.516
(3.87)y* (3.02)* (1.89) (2.93)* (5.30y*
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)
Ag€? 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) (4.22y* (2.18Y
Share of adult females 1.122 0.839 0.226 -1.151 0.119
(0.69) (1.70Y (0.38) (2.01) (0.17)
Share of adol. males 1.710 0.570 0.029 1.516 0.774
(2.00) (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) (2.07Y (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) (4.39y* (6.23)* (0.44)
Ln(price of bororice) -8.993 0.919 3.069 0.607 3.397
(2.00Y (0.72) (2.01y (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)f (2.18Y (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) .72y (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) (4.07y* (2.96)
Father in agriculture 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)f (0.76)
Cultivable 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) (2.70y* (0.55)
Observations 927 927 927 927 927

Absolutevalueof z-statistican parentheses.

* significantat5%; ** significantat 1%; T significantat 10%
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TABLE 8: INCOME FUNCTIONS (ONLY INCLUDING HEIGHT)

1) (2 3 @) (5) (6)
Farm Self-emp | Salary Wage | Off-farm Total
Ln(land) 0.525 0.163 -0.076 -0.098 0.039
(11.235* | @72y (1.25) | (2.82y* | (2.31)
Ln(non-farm capital + 1) 0.169 0.063 0.039
(11.68) (7.88)* (7.97y*
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)
Ag€? -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
(2.77y* (0.97) (1.46) (0.87) (4.77y* (11.36%
Share of adult males 0.624 0.617 -0.199 1.594 1.020 1.041
(1.89) (1.00) (0.25) | (2.36) (3.39y* (5.44)*
Share of adult females 0.318 -1.088 -1.937 0.103 0.031 0.306
(0.74) 1.7y (1.37) | (0.13) (0.09) (1.41)
Share of adol. males -0.045 0.648 -2.030 1.411 0.444 0.842
(0.11) (1.06) | (2.03F | (1.60) (1.08) | (3.92)*
Share of 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)
Share of old males -0.306 0.770 -6.043 1.182 -0.743 -0.285
(0.52) (0.69) | (3.51y* | (0.83) (1.13) (0.62)
Share of 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)Y | (0.73) | (4.41y* | (3.45)*
Averageeducation -0.011 0.010 0.194 -0.089 -0.001 -0.008
(0.46) (0.25) | (2.57F | (1.15) (0.04) (0.61)
Height 1.365 8.537 3.558 -0.862 0.922 1.368
(1.12) | (5.05f* (1.29) | (0.43) (0.88) (1.85)
Ln(price of bororice) -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
(1.70y (0.43) (2.23y (1.83)
Ln(price of jute) -0.664 -0.449 0.161 -0.054
(2.04Y (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)f
Ln(borowage) -0.487 -0.559 0.764 0.424 0.094
(1.41) (0.95) (1.18) (1.28) (0.44)
Site 1 dummy 0.858 -0.143 0.215 -0.184 0.118 0.412
(4.40y* (0.46) (0.82) (0.88) (0.71) (3.66)*
Site 2 dummy 0.419 0.017 -0.049 | 0.167 0.463 0.191
(2.07Y (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) (2.52y
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)
Obselwvations 896 528 145 392 757 927
R-squared 0.52 0.39 0.36 0.07 0.23 0.39
Rohustt-statisticsin parentheses.

* significantat 5%; ** significantat 1%; T significantat 10%
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TABLE 9: PROBIT RESULTS FOR ACTIVITY PARTICIP ATION (BMI EXOGENOUS)

(1) (2 (3 @) (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)f (2.73)y* (5.24y*
Ln(non-farm capital + 1) -0.028
0.77)
Ln(farm capital + 1) 0.179 -0.020 -0.021 -0.009 -0.011
(2.84y* (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)
Ag€? 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) (4.29y5*
Share of adult males 1.772 0.436 0.526 1.925 1.203
(1.40) (1.09) (1.08) (4.11y* (2.16Y
Share of adult females 1.308 0.840 0.200 -1.136 0.145
(0.81) (1.70¥ (0.33) (1.98Y (0.21)
Share of adol. males 1.708 0.569 0.061 1.426 0.753
(2.00) (1.24) (0.11) (2.73)y* (1.21)
Share of adol. females 0.508 0.305 0.559 1.139 0.687
(0.41) (0.63) (0.98) (2.06Y (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)* (4.37y (1.65)
AverageEducation -0.045 -0.017 0.133 -0.205 -0.015
(0.50) (0.60) (4.27y* (5.97)* (0.41)
Ln(price of bororice) -9.254 0.919 3.059 0.611 3.398
(2.05Y (0.72) (2.00Y (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)f (2.24y (0.87) (0.26)
Ln(price of pwr tiller) -0.779 0.110 0.135 -0.066 0.563
(2.47) (0.72) (0.73) (0.39) (2.41y
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) (1.92) (0.21) .72y
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) (4.29y* (2.99¥
Father in agriculture 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)
Cultivable 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-statisticsn parentheses.

* significantat 5%; ** significantat 1%; T significantat 10%
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TABLE 10: INCOME FUNCTIONS (BMI EXOGENOUS)

1) @) 3 @) (5) (6)
farm self-emp | salary wage off-farm total
Ln(land) 0.524 0.162 -0.079 -0.102 0.034
(10.98y* .70y (1.46) (3.00y* (2.02y
Ln(non-farm capital + 1) 0.169 -0.129 0.060 0.038
(11.59y* (6.02)* | (7.51y* | (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)
Ag€? -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
.77y (0.96) (1.45) (4.84y* | (11.42y*
Share of adult males 0.624 0.620 1.692 1.019 1.052
(1.89) (1.00) (2.70y* | (3.44y* | (5.51)*
Share of adult females 0.310 -1.089 0.387 -0.054 0.285
(0.72) .71y (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) | (4.18y*
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) (2.03) (0.54)
Share of old females 0.623 0.062 -1.086 -0.514 -0.151
(0.97) (0.05) (0.72) (0.64) (0.30)
Ln(Height) 1.292 8.534 5.293 -0.766 0.755 1.402
(1.05) (5.05)* | (2.12F | (0.43) (0.73) (1.91)
Ln(BMI) 0.016 0.053 1.356 0.745 1.575 0.725
(0.03) (0.10) (2.33) (0.77) (3.74y* (2.22y
Education of HH head -0.012 0.034 0.078 -0.019 0.045 0.020
(1.14) (1.83f | (2.16)y | (0.52) | (4.03F* | (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 bororice) -0.298 -1.817 -2.540 -0.582 0.089
(0.24) (1.21) (1.68)f (0.73) (0.16)
Ln(price of wheat) 0.616 -0.410 0.676 1.139 0.440
(1.68)f (0.44) (0.66) | (2.33) (1.64)
Ln(price of jute) -0.668 -0.448 0473 | 0.102 -0.096
(2.03y (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) | (278 | (@.77f
Ln(boro wage) -0.483 -0.563 -1.400 1.137 0.295 0.049
(1.41) (0.95) (1.43) | (1.76y (0.92) (0.23)
Site 1 dummy 0.857 -0.139 0.546 -0.085 0.190 0.450
(4.42)y* (0.44) (1.54) (0.26) (1.15) (3.995*
Site 2 dummy 0.420 0.018 0.100 0.288 0.504 0.213
(2.08y (0.06) (0.40) (0.58) (2.58) .70y
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

Rohustt-statisticsin parentheses

* significantat 5%; ** significantat 1%; T significantat 10%
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TABLE 11: PROBIT RESULTS FOR ACTIVITY PARTICIPATION (BMI ENDOGENOUS)

@ @ 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)y*
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
(2.31) (7.13)* (1.95) (3.36)* (2.795*
Ag€? -0.005 0.007 -0.002 -0.004 0.004
(1.48) (7.27)* (1.94) .77 (2.79y*
Ln(householdsize) 0.553 0.880 0.663 -0.078 0.886
(0.86) (5.62)* (3.92)* (0.47) (4.14y*
Share of adult males 1.551 0.955 0.406 1.792 1.498
(1.19) (2.24y (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) (3.27y*
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)y* (2.36) (0.95) (2.43)
Ln(Height) 2.733 3.396 -0.901 -6.367 1.778
(0.60) (1.92) (0.43) (3.15)* (0.71)
Ln(BMI) -37.597 49.710 -11.990 -22.215 25.199
(1.91) (10.60y* (2.66)* (4.83)* (4.49y*
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 bororice) -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¥ (5.70y* 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
(2.31) (7.43)* (1.02) 2.77y* (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 agriculture 0.107 -0.219 0.120 -0.092 -0.406
(0.35) (2.12y (1.02) (0.83) (2.57f
Flag missingobs. 0.456 -0.811 0.322 0.700 -0.446
(0.88) (3.73)* (1.33) (2.87)* (1.68)f
Residuals 38.933 -50.756 12.915 20.578 -26.172
(1.98) (10.67)* (2.82)* (4.45)* (4.58)*
Cultivable land inherited 2.712 -0.229 -0.284 -0.181 -0.281
(0.86) (1.53) .71y (0.99) (1.50)
Constant 75.332 -126.098 11.579 79.109 -69.393
(1.46) (8.46)* (0.74) (5.16)* (3.44y*
Observations 924 927 927 927 927

Absolutevalueof z-statistican parentheses.

* significantat 5%; ** significantat 1%; T significantat 10%
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TABLE 12: INCOME FUNCTIONS (BMI ENDOGENOUS)

@ 2 3 4 ®) (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)* (2.03y
Ln(non-farm capital + 1) 0.157 -0.125 0.057 0.038
(9.64)* (5.90§* | (6.96Y* | (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)
Age? -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
(2.758* | (3.26)* (1.48) | (5.32)* | (10.66)*
Share of adult males 0.625 1.099 1.628 1.147 1.052
(1.90)y (1.83) (2.68y* | (3.93;* | (5.59*
Share of adult females 0.307 -0.384 0.420 -0.065 0.285
(0.72) (0.63) (0.61) (0.19) (1.26)
Share of adol. males -0.034 1.245 1.118 0.563 0.885
(0.08) (2.11y (1.28) (1.40) | (4.14y*
Share of adol. females -0.097 -0.457 0.228 0.242 0.094
(0.22) (0.69) (0.32) (0.74) (0.42)
Share of old males -0.267 -0.458 1.308 -0.711 -0.259
(0.45) (0.43) (0.91) (1.08) (0.76)
Share of 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) (5.78y* | (2.13y | (0.38) (0.79) (1.79Y
Ln(BMI) 0.021 0.020 1.398 0.791 1.511 0.725
(0.04) (0.04) (1.36) | (0.82) | (3.60y* | (2.74)
Education of HH head -0.012 0.015 0.076 -0.015 0.046 0.020
(1.14) (0.85) (2.28y} (0.42) (4.095* (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 bororice) -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) | (2.01y (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) | (2.70y* (1.88)
Ln(boro wage) -0.496 -0.008 -1.411 1.123 0.364 0.049
(1.45) (0.01) (1.43) | @.72f (1.12) (0.24)
Site 1 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)*
Site 2 dummy 0.416 0.136 0.105 0.346 0.413 0.213
(2.06) (0.41) (0.43) | (0.70) | (2.17y (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) (3.65y* | (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

Rolustt-statistican parentheses.

* significantat 5%; ** significantat 1%; T significantat 10%
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