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‌ 
Abstract‌ ‌ 

There‌‌are‌‌a‌‌wide‌‌variety‌‌of‌‌development‌‌interventions‌‌that‌‌have‌‌been‌‌shown‌‌to‌‌improve‌‌welfare‌‌                             
of‌ ‌poor,‌ ‌rural‌ ‌households.‌ ‌However,‌ ‌these‌ ‌are‌ ‌frequently‌ ‌delivered‌ ‌piecemeal.‌ ‌Using‌ ‌a‌‌                       
randomized‌‌controlled‌‌trial,‌‌we‌‌test‌‌a‌‌new‌‌model‌‌of‌‌aid‌‌delivery‌‌called‌‌the‌‌Human‌‌Development‌‌                             
Fund‌ ‌(HDF)‌ ‌in‌ ‌which‌ ‌a‌ ‌bundle‌ ‌of‌ ‌promising‌ ‌income-generating‌ ‌goods‌ ‌(such‌ ‌as‌ ‌fertilizer‌ ‌and‌‌                           
hybrid‌ ‌chickens)‌ ‌and‌ ‌preventative‌ ‌health‌ ‌products‌ ‌(such‌ ‌as‌ ‌insecticide-treated‌ ‌bednets‌ ‌and‌‌                     
corn-soy‌‌nutritional‌‌powder)‌‌are‌‌given‌‌to‌‌rural‌‌households‌‌in‌‌Tanzania‌‌using‌‌a‌‌low-cost‌‌one-time‌‌                           
distribution‌ ‌system.‌ ‌We‌ ‌find‌ ‌large‌ ‌and‌ ‌positive‌ ‌effects‌ ‌of‌ ‌the‌ ‌HDF‌ ‌program‌ ‌on‌ ‌income‌ ‌and‌‌                             
household‌ ‌consumption.‌ ‌Net‌ ‌income‌ ‌derived‌ ‌from‌ ‌maize,‌ ‌chickens,‌‌and‌‌energy‌‌increases‌‌by‌‌                       
144‌‌USD,‌‌resulting‌‌in‌‌a‌‌tripling‌‌of‌‌total‌‌net‌‌income‌‌in‌‌these‌‌categories,‌‌and‌‌a‌‌35%‌‌return‌‌on‌‌the‌‌                                     
cost‌ ‌of‌ ‌the‌ ‌income-generating‌‌assets‌‌of‌‌HDF.‌‌Household‌‌consumption‌‌also‌‌increases‌‌by‌‌6.1%‌‌                         
in‌ ‌the‌ ‌year‌ ‌following‌ ‌the‌ ‌HDF‌ ‌bundle‌ ‌distribution.‌ ‌However,‌ ‌the‌ ‌vast‌ ‌majority‌ ‌of‌ ‌the‌ ‌income‌‌                             
increase‌ ‌is‌ ‌driven‌ ‌by‌ ‌maize‌ ‌profits,‌ ‌with‌ ‌the‌ ‌other‌ ‌income-generating‌ ‌goods‌ ‌(hybrid‌ ‌chickens‌‌                         
and‌ ‌solar‌ ‌lamps)‌ ‌yielding‌ ‌disappointing‌ ‌results.‌ ‌  
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1.‌ ‌Introduction‌ ‌ 
‌ 

There‌ ‌is‌ ‌extensive‌ ‌and‌ ‌growing‌ ‌literature‌ ‌showing‌ ‌the‌ ‌efficacy‌ ‌of‌ ‌various‌ ‌interventions‌ ‌in‌‌                         
improving‌ ‌welfare‌ ‌among‌ ‌poor,‌ ‌rural‌ ‌populations.‌ ‌For‌ ‌instance,‌ ‌insecticide-treated‌ ‌nets‌ ‌(ITN,‌‌                     
(Cohen‌ ‌and‌ ‌Dupas‌ ‌2010;‌‌Pryce,‌‌Richardson,‌‌and‌‌Lengeler‌‌2018)‌,‌‌providing‌‌agricultural‌‌inputs‌‌                       
such‌ ‌as‌ ‌seeds‌ ‌and‌ ‌fertilizer‌ ‌‌(Deutschmann‌ ‌et‌ ‌al.‌ ‌2019;‌ ‌Carter,‌ ‌Laajaj,‌ ‌and‌‌Yang‌‌2019;‌‌Duflo,‌‌                             
Kremer,‌ ‌and‌ ‌Robinson‌ ‌2008;‌ ‌Beaman‌ ‌et‌ ‌al.‌ ‌2013)‌,‌ ‌and‌ ‌solar‌ ‌lamps‌ ‌‌(Chen‌ ‌et‌ ‌al.‌ ‌2017;‌‌Rom,‌‌                               
Günther,‌ ‌and‌ ‌Harrison‌ ‌2017)‌ ‌have‌ ‌been‌ ‌shown‌ ‌to‌ ‌be‌ ‌impactful‌ ‌through‌ ‌in‌ ‌many‌ ‌contexts.‌                           
However,‌ ‌these‌ ‌interventions‌ ‌are‌ ‌typically‌ ‌delivered‌ ‌by‌ ‌separate‌ ‌organizations‌ ‌specializing‌ ‌in‌‌                     
each‌‌intervention.‌‌If‌‌delivered‌‌together,‌‌impactful‌‌interventions‌‌could‌‌be‌‌delivered‌‌at‌‌lower‌‌cost,‌‌                         
and‌ ‌also‌ ‌may‌ ‌have‌ ‌complementarities‌ ‌that‌ ‌make‌ ‌them‌ ‌more‌ ‌effective‌ ‌if‌ ‌delivered‌ ‌all‌ ‌at‌ ‌once.‌‌ ‌  
‌ 

This‌‌paper‌‌studies‌‌the‌‌impact‌‌of‌‌the‌‌Human‌‌Development‌‌Fund‌‌(HDF)‌‌program,‌‌which‌‌provides‌‌                           
a‌ ‌free‌ ‌one-time‌ ‌transfer‌ ‌of‌ ‌a‌ ‌bundle‌ ‌of‌ ‌income-generating‌ ‌and‌ ‌preventative‌ ‌health‌ ‌goods‌ ‌to‌‌                           
poor,‌ ‌rural‌ ‌households.‌ ‌HDF‌ ‌is‌ ‌designed‌ ‌to‌ ‌be‌ ‌low-cost‌‌and‌‌simple‌‌to‌‌operationalize,‌‌with‌‌the‌‌                             
idea‌ ‌that‌ ‌this‌ ‌design‌ ‌could‌ ‌achieve‌‌a‌‌unique‌‌combination‌‌of‌‌cost-effectiveness‌‌and‌‌scale.‌‌The‌‌                           
HDF‌ ‌bundle‌ ‌was‌ ‌designed‌ ‌through‌ ‌a‌ ‌long‌‌inception‌‌phase,‌‌integrating‌‌insights‌‌from‌‌literature,‌‌                         
ex-ante‌ ‌cost-effectiveness‌ ‌models,‌ ‌farmer‌ ‌feedback,‌ ‌and‌ ‌product‌ ‌field‌ ‌tests.‌ ‌The‌ ‌final‌ ‌bundle‌‌                       
included‌ ‌hybrid‌ ‌maize‌ ‌seed,‌ ‌maize‌ ‌fertilizer,‌ ‌one‌‌solar‌‌light,‌‌three‌‌ITNs,‌‌corn-soy‌‌blend‌‌(CSB)‌‌                           
nutritional‌‌powder‌‌for‌‌infants,‌‌10‌‌hybrid‌‌chicks,‌‌30‌‌tree‌‌seedlings‌‌and‌‌three‌‌sealed‌‌harvest‌‌bags.‌‌                             
Recipients‌‌also‌‌received‌‌a‌‌simple‌‌one-time‌‌training‌‌on‌‌optimal‌‌product‌‌use‌‌and‌‌complementary‌‌                         
farming‌ ‌practices.‌ ‌ 
‌ 

We‌‌report‌‌results‌‌from‌‌a‌‌pre-registered‌‌cluster-randomized‌‌controlled‌‌trial‌‌in‌‌rural‌‌Tanzania‌‌with‌‌                         
1,920‌ ‌rural‌ ‌households‌‌in‌‌192‌‌villages.‌‌Our‌‌data‌‌set‌‌is‌‌unique‌‌in‌‌that‌‌it‌‌consists‌‌of‌‌a‌‌year-long‌‌                                   
monthly‌ ‌panel‌ ‌survey‌ ‌of‌ ‌households,‌ ‌allowing‌ ‌us‌‌to‌‌track‌‌changes‌‌in‌‌our‌‌outcomes‌‌over‌‌time.‌‌                             
The‌ ‌primary‌ ‌outcomes‌ ‌are‌ ‌income‌ ‌from‌ ‌sources‌ ‌directly‌ ‌impacted‌ ‌by‌ ‌the‌‌distributed‌‌products‌‌                         
(Direct‌‌Income‌‌Gains,‌‌or‌‌DIG),‌‌as‌‌well‌‌as‌‌non-durable‌‌household‌‌consumption.‌‌We‌‌also‌‌studied‌‌                           
secondary‌ ‌outcomes‌ ‌such‌ ‌as‌ ‌asset‌ ‌ownership,‌ ‌product‌ ‌utilization,‌ ‌and‌ ‌nutrition‌ ‌behavior.‌‌ ‌  
‌ 

We‌ ‌find‌ ‌that‌ ‌the‌ ‌HDF‌ ‌bundle‌ ‌dramatically‌ ‌improved‌ ‌household‌ ‌income,‌ ‌with‌ ‌mean‌ ‌treatment‌‌                         
household‌ ‌DIG‌ ‌(over‌ ‌the‌ ‌12‌ ‌months‌ ‌following‌ ‌distribution)‌ ‌increasing‌ ‌by‌ ‌$144‌2‌ ‌relative‌ ‌to‌ ‌a‌‌                           
mean‌‌household‌‌DIG‌‌in‌‌the‌‌control‌‌of‌‌$72‌‌(an‌‌increase‌‌of‌‌100%).‌‌This‌‌gain‌‌in‌‌income‌‌compares‌‌                                 
favorably‌ ‌to‌ ‌the‌ ‌total‌ ‌$81‌ ‌cost‌ ‌of‌ ‌the‌ ‌income-generating‌ ‌products‌ ‌in‌ ‌the‌ ‌bundle.‌‌ ‌  
‌ 

Treatment‌‌household‌‌consumption‌‌is‌‌also‌‌found‌‌to‌‌be‌‌higher‌‌than‌‌control.‌‌Monthly‌‌non-durable‌‌                         
treatment‌ ‌consumption‌ ‌is‌ ‌11%‌ ‌higher‌ ‌than‌ ‌control‌ ‌($99‌ ‌vs‌ ‌$89)‌ ‌9-12‌ ‌months‌ ‌after‌ ‌bundle‌‌                           
distribution.‌ ‌Over‌ ‌the‌ ‌course‌ ‌of‌ ‌12‌ ‌months‌ ‌after‌ ‌the‌ ‌bundle‌‌distribution,‌‌treatment‌‌households‌‌                         
experienced‌‌an‌‌average‌‌of‌‌6.1%‌‌higher‌‌monthly‌‌non-durable‌‌household‌‌consumption‌‌compared‌‌                     

2  ‌All‌ ‌currency‌ ‌amounts‌ ‌are‌ ‌denominated‌ ‌in‌ ‌U.S.‌ ‌dollars‌ ‌unless‌ ‌otherwise‌ ‌specified.‌ ‌ 
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to‌ ‌control.‌ ‌This‌ ‌results‌ ‌in‌ ‌a‌ ‌total‌ ‌of‌ ‌$90‌ ‌of‌ ‌increased‌ ‌consumption‌ ‌over‌ ‌the‌ ‌year.‌ ‌We‌ ‌find‌ ‌no‌‌                                   
statistically‌ ‌significant‌ ‌effect‌ ‌on‌ ‌total‌ ‌asset‌ ‌values.‌ ‌ 
‌ 

We‌ ‌find‌ ‌a‌ ‌mixed‌ ‌effect‌ ‌of‌ ‌the‌ ‌HDF‌ ‌bundle‌ ‌on‌ ‌health‌ ‌behavior.‌ ‌Overall,‌ ‌the‌ ‌proportion‌ ‌of‌‌                               
household‌ ‌members‌ ‌sleeping‌ ‌under‌ ‌an‌ ‌ITN‌ ‌is‌ ‌10‌ ‌percentage‌ ‌points‌ ‌higher‌ ‌in‌ ‌treatment‌‌                         
households‌ ‌than‌ ‌in‌ ‌control,‌ ‌with‌‌80%‌‌of‌‌treatment‌‌household‌‌members‌‌sleeping‌‌under‌‌an‌‌ITN‌‌                           
9-11‌ ‌months‌ ‌after‌ ‌bundle‌ ‌distribution.‌ ‌However,‌ ‌this‌ ‌effect‌ ‌is‌ ‌mostly‌ ‌concentrated‌ ‌amongst‌‌                       
household‌‌members‌‌aged‌‌over‌‌5‌‌years‌‌old,‌‌as‌‌we‌‌did‌‌not‌ ‌find‌‌any‌‌effect‌‌on‌‌children‌‌(under‌‌the‌‌                                   
age‌‌of‌‌5)‌‌sleeping‌‌under‌‌an‌‌ITN‌ ‌(who‌‌are‌‌most‌‌susceptible‌‌to‌‌complications‌‌from‌‌malaria).‌‌We‌‌                               
find‌ ‌significant‌ ‌increases‌ ‌in‌ ‌consumption‌ ‌of‌ ‌CSB‌ ‌by‌ ‌children‌ ‌in‌ ‌treatment‌ ‌households,‌ ‌as‌‌                         
consumption‌‌of‌‌CSB‌‌is‌‌rare‌‌among‌‌our‌‌control‌‌households.‌‌Receiving‌‌the‌‌bundle‌‌also‌‌leads‌‌to‌‌                             
an‌ ‌increase‌ ‌in‌ ‌the‌ ‌percentage‌ ‌of‌ ‌children‌ ‌per‌ ‌household‌ ‌that‌ ‌achieve‌ ‌minimum‌ ‌dietary‌ ‌diversity‌3‌.‌ ‌ 
‌ 

Although‌ ‌the‌ ‌financial‌‌impacts‌‌of‌‌the‌‌HDF‌‌intervention‌‌are‌‌quite‌‌large,‌‌they‌‌are‌‌almost‌‌entirely‌‌                             
driven‌ ‌by‌ ‌maize‌ ‌inputs.‌ ‌Increases‌ ‌in‌ ‌household‌ ‌maize‌ ‌profits‌ ‌account‌ ‌for‌ ‌84%‌ ‌of‌ ‌the‌ ‌total‌‌                             
difference‌ ‌in‌ ‌treatment‌ ‌and‌ ‌control‌ ‌DIG,‌‌with‌‌increases‌‌in‌‌energy‌‌profits‌‌(from‌‌solar‌‌lamp‌‌use)‌‌                             
and‌ ‌chicken‌ ‌profits‌‌accounting‌‌for‌‌just‌‌11%‌‌and‌‌5%‌‌of‌‌total‌‌DIG‌‌impact‌‌respectively.‌‌This‌‌calls‌‌                               
into‌‌question‌‌the‌‌value‌‌of‌‌the‌‌bundle‌‌approach‌‌that‌‌is‌‌core‌‌to‌‌the‌‌HDF‌‌strategy.‌‌It‌‌seems‌‌likely‌‌                                   
that‌ ‌a‌ ‌program‌ ‌that‌ ‌simply‌ ‌distributed‌ ‌maize‌ ‌inputs‌ ‌would‌ ‌have‌ ‌been‌ ‌more‌ ‌cost-effective,‌ ‌at‌‌                           
least‌‌in‌‌terms‌‌of‌‌short-term‌‌income‌‌gains,‌‌and‌‌given‌‌the‌‌context‌‌of‌‌where‌‌the‌‌intervention‌‌took‌‌                               
place.‌‌ ‌  
‌ 

The‌ ‌idea‌ ‌of‌ ‌bundling‌ ‌a‌ ‌group‌ ‌of‌ ‌complementary‌ ‌interventions‌ ‌together‌ ‌is‌ ‌not‌ ‌new,‌ ‌and‌ ‌is‌ ‌a‌‌                               
common‌ ‌feature‌ ‌of‌ ‌rural‌‌development‌‌programs.‌‌Perhaps‌‌the‌‌most‌‌well-known‌‌example‌‌is‌‌the‌‌                         
Millenium‌ ‌Villages‌ ‌Project,‌ ‌which‌ ‌offered‌ ‌simultaneous‌‌interventions‌‌in‌‌many‌‌sectors‌‌including‌‌                     
agriculture,‌ ‌health,‌ ‌and‌ ‌education.‌ ‌Although‌‌child‌‌mortality‌‌fell‌‌in‌‌project‌‌villages‌‌‌(Pronyk‌‌et‌‌al.‌‌                           
2012)‌,‌ ‌the‌ ‌intervention‌ ‌was‌ ‌expensive‌ ‌and‌ ‌there‌ ‌is‌ ‌considerable‌ ‌controversy‌ ‌over‌ ‌its‌‌                       
effectiveness‌ ‌‌(Bump‌ ‌et‌ ‌al.‌ ‌2012;‌ ‌Masset,‌ ‌García-Hombrados,‌ ‌and‌ ‌Acharya‌ ‌2020;‌ ‌Carr‌ ‌2008)‌ ‌ 
‌ 

More‌ ‌recently,‌ ‌a‌ ‌number‌ ‌of‌ ‌organizations‌ ‌have‌ ‌implemented‌ ‌“graduation”‌ ‌programs,‌ ‌which‌‌                     
typically‌ ‌provide‌ ‌a‌ ‌combination‌ ‌of‌ ‌productive‌ ‌assets‌ ‌(such‌ ‌as‌ ‌livestock),‌ ‌training,‌ ‌savings‌‌                       
accounts,‌ ‌cash‌ ‌and‌ ‌health‌ ‌information‌ ‌or‌ ‌services,‌ ‌and‌ ‌are‌ ‌targeted‌ ‌toward‌ ‌the‌ ‌very‌ ‌poorest‌‌                           
households‌ ‌in‌ ‌rural‌ ‌communities‌ ‌‌(BRAC‌ ‌Centre‌ ‌2017)‌.‌ ‌Graduation‌ ‌programs‌ ‌have‌ ‌been‌‌                     
extensively‌ ‌evaluated‌ ‌and‌ ‌shown‌ ‌to‌ ‌have‌ ‌large‌ ‌economic‌ ‌impacts‌ ‌that‌ ‌sustain‌ ‌over‌ ‌several‌‌                         
years‌ ‌‌(Banerjee‌ ‌et‌ ‌al.‌‌2015;‌‌Emran,‌‌Robano,‌‌and‌‌Smith‌‌2014;‌‌Sedlmayr,‌‌Shah,‌‌and‌‌Sulaiman‌‌                           
2020;‌ ‌Balboni‌ ‌et‌‌al.‌‌2020)‌.‌‌However,‌‌graduation‌‌and‌‌other‌‌comprehensive‌‌livelihood‌‌programs‌‌                       
can‌ ‌be‌ ‌very‌ ‌expensive‌ ‌to‌ ‌implement:‌ ‌the‌ ‌six‌ ‌programs‌ ‌profiled‌ ‌in‌ ‌Banerjee‌ ‌et‌ ‌al‌ ‌(2015)‌‌                             
averaged‌ ‌a‌ ‌cost‌ ‌of‌ ‌1,468‌ ‌USD‌ ‌per‌ ‌household.‌ ‌These‌ ‌high‌ ‌costs‌ ‌are‌ ‌due‌‌to‌‌the‌‌high‌‌value‌‌of‌‌                                   
assets‌ ‌transferred‌ ‌(385‌ ‌USD)‌ ‌as‌ ‌well‌ ‌as‌ ‌high‌ ‌implementation‌ ‌costs.‌ ‌ ‌   
‌ 

Graduation‌ ‌programs‌ ‌are‌ ‌effective‌ ‌but‌ ‌costly,‌ ‌so‌ ‌their‌ ‌success‌ ‌is‌ ‌inspiring‌ ‌innovation‌ ‌to‌‌try‌‌to‌‌                             
find‌ ‌more‌ ‌cost-effective‌ ‌ways‌ ‌to‌‌deliver‌‌similar‌‌benefits.‌‌A‌‌lower-cost,‌‌lower-complexity‌‌bundle‌‌                       

3 ‌This‌ ‌effect‌ ‌is‌ ‌only‌ ‌significantly‌ ‌at‌ ‌the‌ ‌10%‌ ‌level,‌ ‌whereas‌ ‌other‌ ‌significant‌ ‌impacts‌ ‌we‌ ‌report‌ ‌in‌ ‌this‌ ‌paper‌‌ 
are‌ ‌significant‌ ‌at‌ ‌the‌ ‌5%‌ ‌level.‌ ‌ 
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program‌ ‌may‌ ‌prove‌ ‌simpler‌ ‌to‌ ‌execute‌ ‌and‌ ‌able‌ ‌to‌ ‌reach‌ ‌more‌ ‌households.‌ ‌Banerjee‌ ‌et‌ ‌al.‌‌                             
(2018)‌ ‌studies‌ ‌one‌ ‌such‌ ‌approach‌ ‌in‌ ‌which‌ ‌households‌ ‌were‌ ‌given‌ ‌about‌ ‌$40‌ ‌in‌ ‌productive‌‌                           
assets‌ ‌and‌ ‌finds‌ ‌no‌ ‌impact‌ ‌on‌ ‌household‌ ‌welfare‌ ‌‌(Banerjee‌ ‌et‌ ‌al.‌ ‌2018)‌.‌ ‌While‌ ‌this‌ ‌effort‌ ‌to‌‌                               
develop‌‌more‌‌cost-effective‌‌bundled‌‌approaches‌‌failed,‌‌the‌‌HDF‌‌program‌‌is‌‌a‌‌further‌‌innovation‌‌                         
in‌ ‌the‌ ‌space,‌ ‌as‌ ‌it‌ ‌uses‌ ‌a‌ ‌systematic‌ ‌approach‌ ‌to‌ ‌bundling‌ ‌together‌ ‌the‌ ‌most‌ ‌cost-effective‌‌                             
interventions‌ ‌identified‌ ‌through‌ ‌literature‌ ‌review,‌ ‌ex-ante‌ ‌cost-effectiveness‌ ‌models,‌ ‌farmer‌‌                 
feedback,‌ ‌and‌ ‌field‌ ‌tests.‌‌ ‌  
‌ 

Our‌ ‌results‌ ‌suggest‌ ‌that‌ ‌a‌ ‌low-cost‌ ‌bundle‌ ‌of‌‌productive‌‌assets,‌‌like‌‌that‌‌provided‌‌in‌‌the‌‌HDF‌‌                               
program,‌ ‌can‌ ‌be‌‌cost-effective‌‌at‌‌generating‌‌economic‌‌impact.‌‌Both‌‌Banerjee‌‌at‌‌al‌‌(2015)‌‌and‌‌                           
Sedlmayr,‌‌Shah,‌‌and‌‌Sulaiman‌‌(2019)‌‌estimate‌‌that‌‌the‌‌income‌‌benefits‌‌of‌‌graduation‌‌programs‌‌                         
exceed‌‌their‌‌costs‌‌after‌‌about‌‌3‌‌to‌‌4‌‌years.‌‌Our‌‌finding‌‌is‌‌that‌‌income‌‌gains‌‌after‌‌one‌‌year‌‌are‌‌                                     
greater‌ ‌than‌ ‌the‌ ‌cost‌ ‌of‌ ‌the‌ ‌entire‌ ‌bundle‌ ‌(including‌ ‌non-income-generating‌ ‌products),‌ ‌which‌‌                       
suggests‌‌a‌‌favorable‌‌return‌‌on‌‌investment‌‌versus‌‌graduation‌‌programs,‌‌albeit‌‌with‌‌lower‌‌impact‌‌                         
in‌ ‌absolute‌ ‌terms.‌ ‌We‌ ‌similarly‌ ‌find‌ ‌favorable‌ ‌cost-effectiveness‌‌on‌‌the‌‌basis‌‌of‌‌a‌‌benefit-cost‌‌                           
ratio‌‌using‌‌one-year‌‌consumption.‌‌In‌‌a‌‌review‌‌of‌‌dozens‌‌of‌‌evaluations,‌ ‌Sulaiman‌‌et‌‌al.‌‌(2016)‌‌                             
find‌ ‌this‌ ‌benefit-cost‌ ‌ratio‌ ‌to‌ ‌be‌ ‌0.3‌‌for‌‌cash‌‌transfer‌‌programs,‌‌0.2‌‌for‌‌livelihood‌‌development‌‌                             
programs,‌ ‌and‌ ‌0.11‌ ‌for‌ ‌graduation‌ ‌programs‌ ‌on‌ ‌average.‌ ‌A‌ ‌conservative‌‌benefit-cost‌‌ratio‌‌for‌‌                         
HDF‌ ‌is‌ ‌0.56.‌‌ ‌  
‌ 

This‌ ‌paper‌ ‌proceeds‌ ‌as‌ ‌follows.‌ ‌Section‌ ‌2‌‌outlines‌‌the‌‌context‌‌and‌‌the‌‌intervention‌‌approach,‌‌                           
including‌ ‌how‌‌the‌‌components‌‌of‌‌the‌‌HDF‌‌bundle‌‌were‌‌selected.‌‌Section‌‌3‌‌describes‌‌the‌‌data‌‌                             
and‌ ‌empirical‌ ‌methods.‌ ‌Section‌ ‌4‌ ‌reports‌ ‌the‌ ‌results.‌ ‌Section‌ ‌5‌ ‌provides‌ ‌a‌ ‌discussion‌ ‌of‌ ‌the‌‌                             
results,‌ ‌and‌ ‌section‌ ‌6‌ ‌concludes.‌‌ ‌  
‌ 

2.‌ ‌Context‌ ‌and‌ ‌Intervention‌ ‌ 
‌ 

The‌‌HDF‌‌program‌‌was‌‌implemented‌‌by‌‌One‌‌Acre‌‌Fund‌‌(1AF),‌‌a‌‌non-governmental‌‌organization‌‌                         
(NGO).‌‌1AF’s‌‌Core‌‌Program‌‌delivers‌‌a‌‌large‌‌package‌‌of‌‌agricultural‌‌inputs‌‌-‌‌as‌‌well‌‌as‌‌farming‌‌                               
trainings‌ ‌and‌ ‌market‌ ‌facilitation‌ ‌services‌ ‌-‌ ‌on‌ ‌credit‌ ‌to‌ ‌over‌ ‌one‌ ‌million‌ ‌farming‌ ‌households‌‌                           
across‌ ‌East‌ ‌Africa‌ ‌each‌ ‌year.‌ ‌A‌ ‌randomized‌ ‌evaluation‌ ‌(Deutschmann‌ ‌et‌ ‌at‌ ‌2019)‌ ‌found‌ ‌the‌‌                           
program‌‌to‌‌significantly‌‌increase‌‌farmer‌‌income.‌‌However,‌‌the‌‌core‌‌program‌‌requires‌‌an‌‌intense‌‌                         
field‌ ‌presence‌ ‌to‌ ‌operate‌ ‌and‌ ‌not‌ ‌all‌ ‌farmers‌ ‌are‌ ‌comfortable‌ ‌with‌ ‌taking‌ ‌loans.‌ ‌The‌ ‌HDF‌‌                             
program‌‌was‌‌designed‌‌as‌‌a‌‌service‌‌that‌‌could‌‌reach‌‌more‌‌farmers,‌‌lower‌‌income‌‌farmers,‌‌and‌‌                             
be‌ ‌scaled‌ ‌faster‌ ‌than‌ ‌1AF’s‌ ‌core‌ ‌program.‌‌ ‌  
‌ 

The‌ ‌HDF‌ ‌program‌ ‌was‌ ‌implemented‌ ‌in‌‌the‌‌Singida‌‌region‌‌of‌‌Tanzania.‌‌According‌‌to‌‌Tanzania‌‌                           
government‌ ‌data,‌ ‌Singida‌ ‌is‌ ‌the‌ ‌second‌ ‌poorest‌ ‌of‌ ‌Tanzania’s‌ ‌25‌ ‌administrative‌‌regions,‌‌with‌‌                         
49%‌ ‌of‌ ‌households‌ ‌living‌ ‌in‌ ‌poverty,‌ ‌compared‌ ‌to‌ ‌36%‌ ‌across‌ ‌all‌ ‌of‌ ‌Tanzania‌‌‌(Research‌‌and‌‌                             
Analysis‌ ‌Working‌ ‌Group‌ ‌2009)‌.‌ ‌The‌ ‌region‌ ‌is‌ ‌highly‌ ‌dependent‌ ‌on‌ ‌agriculture,‌ ‌with‌ ‌95%‌ ‌of‌‌                           
household‌‌heads‌‌reporting‌‌crop‌‌cultivation‌‌as‌‌their‌‌main‌‌source‌‌of‌‌income.‌‌The‌‌most‌‌commonly‌‌                           
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grown‌ ‌crop‌ ‌in‌ ‌the‌ ‌region‌ ‌is‌ ‌maize,‌‌grown‌‌by‌‌70%‌‌of‌‌households‌‌and‌‌covering‌‌48%‌‌of‌‌all‌‌crop‌‌                                   
land‌ ‌‌(Ministry‌ ‌of‌ ‌Agriculture,‌ ‌Food‌ ‌Security,‌ ‌and‌ ‌Cooperatives‌ ‌2012)‌.‌ ‌ 
‌ 

Singida‌ ‌was‌ ‌selected‌ ‌for‌ ‌the‌ ‌trial‌‌through‌‌a‌‌detailed‌‌selection‌‌process,‌‌taking‌‌into‌‌account‌‌the‌‌                             
following‌ ‌factors:‌ ‌potential‌ ‌for‌ ‌maize‌ ‌input‌ ‌provision‌ ‌having‌ ‌a‌ ‌large‌ ‌impact‌ ‌(using‌ ‌a‌‌                         
cost-effectiveness‌‌model),‌‌local‌‌government‌‌cooperation,‌‌and‌‌avoiding‌‌areas‌‌where‌‌1AF’s‌‌core‌‌                     
program‌‌operates.‌‌Using‌‌data‌‌from‌‌public‌‌sources‌‌as‌‌well‌‌as‌‌a‌‌scouting‌‌survey‌‌in‌‌6‌‌regions‌‌in‌‌                                 
Tanzania,‌ ‌we‌ ‌established‌ ‌Singida‌ ‌as‌ ‌the‌ ‌region‌ ‌that‌ ‌scored‌ ‌highest‌‌on‌‌the‌‌above‌‌criteria.‌‌We‌‌                             
conducted‌ ‌an‌ ‌additional‌‌validation‌‌exercise‌‌on‌‌the‌‌suitability‌‌of‌‌the‌‌HDF‌‌program‌‌in‌‌the‌‌region‌‌                             
through‌‌a‌‌survey‌‌of‌‌400‌‌households‌‌conducted‌‌between‌‌January‌‌and‌‌February‌‌2019.‌‌Although‌‌                         
Singida‌‌scored‌‌most‌‌highly‌‌among‌‌the‌‌scouted‌‌regions,‌‌many‌‌of‌‌the‌‌regions‌‌where‌‌1AF’s‌‌core‌‌                             
program‌ ‌operates‌ ‌would‌ ‌have‌ ‌potentially‌ ‌made‌ ‌better‌ ‌sites‌ ‌for‌ ‌the‌ ‌pilot‌ ‌had‌ ‌1AF‌ ‌not‌ ‌already‌‌                             
been‌ ‌present‌ ‌there.‌ ‌ 
‌ 

Intervention‌ ‌and‌ ‌Implementation‌ ‌ 
The‌‌HDF‌‌program‌‌consisted‌‌of‌‌a‌‌one-time‌‌delivery‌‌of‌‌a‌‌bundle‌‌of‌‌goods,‌‌selected‌‌for‌‌maximum‌‌                               
impact‌ ‌through‌ ‌a‌ ‌long‌ ‌process‌ ‌of‌ ‌literature‌ ‌review,‌ ‌an‌ ‌ex-ante‌ ‌comparative‌‌cost-effectiveness‌‌                       
model,‌‌farmer‌‌consultation,‌‌and‌‌field‌‌trials.‌‌1AF‌‌originally‌‌intended‌‌to‌‌distribute‌‌the‌‌bundle‌‌all‌‌at‌‌                             
once‌ ‌in‌ ‌order‌ ‌to‌ ‌minimize‌ ‌distribution‌ ‌costs.‌ ‌However,‌ ‌in‌ ‌practice‌ ‌hybrid‌ ‌chicks‌ ‌needed‌ ‌to‌ ‌be‌‌                             
delivered‌ ‌separately‌ ‌from‌ ‌the‌ ‌rest‌ ‌of‌ ‌the‌ ‌bundle‌ ‌for‌ ‌logistical‌ ‌feasibility.‌ ‌ 
‌ 

Table‌ ‌1‌ ‌shows‌ ‌the‌ ‌final‌ ‌bundle‌ ‌delivered‌ ‌to‌ ‌treatment‌ ‌households‌ ‌and,‌‌where‌‌relevant,‌‌which‌‌                           
households‌ ‌were‌ ‌eligible.‌ ‌The‌ ‌bunde‌ ‌included‌ ‌maize‌ ‌inputs,‌ ‌hybrid‌ ‌chicks,‌ ‌a‌ ‌solar‌ ‌light,‌‌                         
post-harvest‌ ‌storage‌ ‌bags,‌ ‌corn-soy‌ ‌blend,‌ ‌insecticide-treated‌ ‌nets,‌ ‌and‌ ‌tree‌ ‌seedlings.‌‌                   
Eligibility‌ ‌was‌ ‌determined‌ ‌by‌ ‌1AF‌ ‌field‌ ‌team‌ ‌surveys‌ ‌(which‌ ‌were‌ ‌separate‌ ‌from‌ ‌the‌ ‌baseline‌‌                           
used‌‌as‌‌part‌‌of‌‌this‌‌impact‌‌evaluation.)‌‌Individual‌‌product‌‌costs‌‌as‌‌well‌‌as‌‌costs‌‌associated‌‌with‌‌                               
implementation‌‌during‌‌this‌‌study‌‌are‌‌given‌‌on‌‌a‌‌per-household‌‌basis.‌‌Management‌‌and‌‌delivery‌‌                         
costs‌ ‌per‌ ‌household‌ ‌were‌ ‌high‌ ‌during‌ ‌the‌ ‌study‌ ‌since‌ ‌it‌ ‌was‌ ‌the‌ ‌first‌ ‌time‌ ‌HDF‌ ‌had‌ ‌been‌‌                                 
implemented,‌ ‌and‌ ‌relatively‌ ‌few‌ ‌households‌ ‌were‌ ‌included.‌ ‌Costs‌ ‌per‌ ‌household‌ ‌would‌ ‌be‌‌                       
much‌ ‌lower‌ ‌at‌ ‌scale;‌ ‌we‌ ‌explore‌ ‌this‌ ‌further‌ ‌in‌ ‌the‌ ‌discussion‌ ‌section.‌‌ ‌  
‌ 

The‌ ‌treatment‌ ‌intervention‌ ‌took‌‌place‌‌between‌‌September‌‌and‌‌November‌‌2019.‌‌Following‌‌the‌‌                       
baseline‌‌survey,‌‌treatment‌‌households‌‌were‌‌visited‌‌by‌‌1AF’s‌‌field‌‌team‌‌to‌‌inform‌‌them‌‌that‌‌they‌‌                             
had‌ ‌been‌ ‌selected‌ ‌to‌ ‌receive‌ ‌the‌ ‌free‌ ‌bundle‌ ‌of‌ ‌goods‌ ‌and‌ ‌training.‌ ‌Only‌ ‌two‌ ‌of‌ ‌the‌ ‌640‌‌                                 
treatment‌ ‌households‌ ‌declined‌ ‌to‌ ‌participate.‌ ‌Each‌ ‌cluster‌ ‌of‌ ‌10‌ ‌households‌ ‌(sampling‌‌                     
explained‌ ‌below)‌ ‌was‌ ‌invited‌ ‌to‌ ‌vote‌ ‌on‌ ‌one‌ ‌household‌ ‌leader‌ ‌to‌ ‌be‌ ‌their‌ ‌Group‌ ‌Leader,‌‌                             
following‌‌suggested‌‌criteria‌‌of‌‌familiarity‌‌with‌‌maize‌‌agriculture,‌‌public‌‌speaking‌‌experience‌‌and‌‌                       
personal‌‌connections‌‌to‌‌the‌‌other‌‌households.‌‌This‌‌Group‌‌Leader‌‌was‌‌then‌‌invited‌‌to‌‌a‌‌two-day‌‌                             
training‌ ‌in‌ ‌a‌ ‌nearby‌ ‌town,‌ ‌given‌ ‌to‌ ‌groups‌ ‌of‌ ‌about‌ ‌15‌ ‌Group‌ ‌Leaders‌ ‌at‌ ‌once.‌ ‌This‌ ‌was‌ ‌a‌‌                                   
training-of-trainers‌‌approach,‌‌in‌‌which‌‌Group‌‌Leaders‌‌learned‌‌how‌‌to‌‌train‌‌their‌‌group‌‌members‌‌                         
on‌ ‌good‌ ‌agricultural‌ ‌practices‌ ‌for‌ ‌maize,‌ ‌tree‌ ‌seedling‌ ‌planting,‌ ‌correct‌ ‌dosage‌ ‌of‌ ‌corn-soy‌‌                         
blend,‌ ‌chicken‌ ‌upkeep‌ ‌and‌ ‌other‌ ‌key‌ ‌practices‌ ‌to‌ ‌ensure‌ ‌productive‌ ‌and‌ ‌safe‌ ‌use‌ ‌of‌ ‌bundle‌‌                             
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products.‌ ‌Group‌ ‌Leaders‌ ‌were‌ ‌then‌ ‌expected‌ ‌to‌ ‌pass‌ ‌this‌ ‌training‌‌on‌‌to‌‌their‌‌group‌‌members‌‌                             
before‌‌product‌‌distribution.‌‌Group‌‌leaders‌‌were‌‌compensated‌‌for‌‌travel‌‌costs‌‌and‌‌provided‌‌food‌‌                         
but‌ ‌were‌ ‌otherwise‌ ‌not‌ ‌paid‌‌for‌‌their‌‌role.‌‌Each‌‌treatment‌‌household‌‌was‌‌also‌‌provided‌‌with‌‌a‌‌                               
large‌ ‌poster,‌ ‌which‌ ‌summarised‌ ‌key‌ ‌training‌ ‌points‌ ‌with‌ ‌simple‌ ‌diagrams.‌‌ ‌  
‌ 

Once‌‌all‌‌Group‌‌Leaders‌‌had‌‌been‌‌trained,‌‌product‌‌distribution‌‌started‌‌with‌‌distribution‌‌of‌‌hybrid‌‌                           
chicks.‌ ‌These‌ ‌were‌ ‌distributed‌ ‌about‌ ‌one‌ ‌month‌ ‌before‌‌all‌‌other‌‌products‌‌due‌‌the‌‌operational‌‌                           
complexity‌ ‌of‌ ‌distributing‌ ‌live‌ ‌chicks‌ ‌and‌ ‌concerns‌ ‌about‌ ‌contamination‌ ‌of‌ ‌the‌‌corn‌‌soy‌‌blend‌‌                           
from‌‌the‌‌chicks‌‌if‌‌delivered‌‌together.‌‌Chick‌‌distribution‌‌had‌‌been‌‌carefully‌‌tested‌‌during‌‌product‌‌                           
tests‌‌and‌‌great‌‌care‌‌was‌‌taken‌‌to‌‌ensure‌‌chick‌‌wellbeing,‌‌resulting‌‌in‌‌distribution‌‌survival‌‌rates‌‌                             
of‌‌over‌‌99%.‌‌Mosquito‌‌nets‌‌were‌‌hung‌‌directly‌‌in‌‌treatment‌‌household‌‌homes‌‌by‌‌program‌‌staff‌‌                             
to‌ ‌promote‌ ‌use.‌ ‌ 
‌ 

Product‌ ‌and‌ ‌site‌ ‌selection‌ ‌ 
The‌ ‌selection‌ ‌of‌ ‌specific‌ ‌bundle‌ ‌products‌ ‌was‌ ‌a‌ ‌15-month‌ ‌process,‌ ‌designed‌ ‌to‌ ‌be‌‌                         
farmer-centred,‌‌iterative‌‌and‌‌data-driven.‌‌The‌‌process‌‌began‌‌with‌‌a‌‌high-level‌‌literature‌‌review‌‌                       
to‌ ‌identify‌ ‌products‌ ‌with‌‌proven‌‌impact‌‌in‌‌similar‌‌contexts,‌‌as‌‌summarized‌‌above.‌‌Output‌‌from‌‌                           
this‌ ‌literature‌ ‌review‌ ‌was‌ ‌fed‌ ‌into‌ ‌an‌ ‌optimization‌ ‌model‌ ‌to‌ ‌estimate‌ ‌the‌ ‌impacts‌ ‌of‌ ‌different‌‌                             
products‌ ‌in‌ ‌Tanzania,‌ ‌Rwanda,‌ ‌Uganda,‌‌Ethiopia,‌‌and‌‌Malawi.‌‌This‌‌resulted‌‌in‌‌a‌‌longlist‌‌of‌‌17‌‌                             
potential‌ ‌products:‌ ‌solar‌ ‌lamps,‌‌hybrid‌‌chickens,‌‌oral‌‌rehydration‌‌salts,‌‌deworming‌‌pills,‌‌hybrid‌‌                       
maize‌ ‌seed,‌ ‌maize‌ ‌fertilizer‌ ‌vitamin‌ ‌A‌ ‌supplements,‌ ‌CSB,‌ ‌unconditional‌ ‌cash‌ ‌transfers,‌ ‌eggs‌‌                       
during‌ ‌pregnancy,‌ ‌micronutrient‌ ‌powder,‌ ‌ITNs,‌ ‌weather‌ ‌forecasts‌ ‌by‌ ‌SMS,‌ ‌tree‌ ‌seedlings,‌‌                     
fuel-efficient‌ ‌cookstoves,‌ ‌a‌ ‌poster‌ ‌about‌ ‌nutrition‌ ‌and‌ ‌sealed‌ ‌harvest‌ ‌bags.‌ ‌Through‌ ‌the‌‌                       
optimization‌ ‌model,‌ ‌Tanzania‌ ‌was‌‌selected‌‌as‌‌the‌‌country‌‌with‌‌the‌‌highest‌‌impact‌‌potential‌‌on‌‌                           
income,‌ ‌adjusted‌ ‌for‌ ‌purchasing‌ ‌power‌ ‌parity.‌ ‌ 
‌ 

The‌‌longlist‌‌of‌‌potential‌‌products‌‌was‌‌then‌‌taken‌‌to‌‌intensive‌‌one-on-one‌‌and‌‌group‌‌discussions‌‌                           
with‌‌20‌‌randomly‌‌selected‌‌smallholder‌‌farmers‌‌in‌‌a‌‌village‌‌in‌‌Morogoro‌‌region.‌‌This‌‌region‌‌was‌‌                             
chosen‌‌for‌‌its‌‌proximity‌‌to‌‌1AF’s‌‌headquarters,‌‌before‌‌a‌‌pilot‌‌region‌‌had‌‌been‌‌selected.‌‌Farmers‌‌                             
were‌ ‌introduced‌ ‌to‌ ‌each‌ ‌of‌ ‌the‌ ‌products‌ ‌in‌ ‌detail‌ ‌and‌ ‌then‌ ‌asked‌ ‌to‌ ‌rank‌ ‌them‌ ‌using‌ ‌a‌‌                                 
prioritization‌ ‌matrix,‌ ‌based‌ ‌on‌ ‌one-to-one‌ ‌comparisons‌ ‌such‌ ‌as‌ ‌“If‌ ‌you‌ ‌could‌ ‌have‌ ‌3‌ ‌hybrid‌‌                           
chickens‌ ‌or‌‌3‌‌mosquito‌‌bed‌‌nets,‌‌which‌‌would‌‌you‌‌choose?”.‌‌This‌‌resulted‌‌in‌‌clear‌‌preference‌‌                             
for‌ ‌some‌ ‌products‌ ‌over‌ ‌others,‌ ‌in‌ ‌particular‌ ‌a‌ ‌strong‌ ‌interest‌ ‌in‌ ‌hybrid‌ ‌chickens‌ ‌and‌‌very‌‌low‌‌                               
interest‌ ‌in‌ ‌vitamins‌ ‌or‌ ‌deworming‌ ‌pills,‌ ‌producing‌ ‌a‌ ‌shortlist‌ ‌of‌ ‌products‌ ‌for‌ ‌further‌ ‌testing.‌‌                           
Participants‌‌were‌‌given‌‌some‌‌of‌‌these‌‌products‌‌after‌‌the‌‌interviews‌‌were‌‌completed,‌‌resulting‌‌in‌‌                           
initial‌ ‌program‌ ‌design‌ ‌insights.‌‌ ‌  
‌ 

Publicly‌ ‌available‌ ‌datasets‌ ‌were‌ ‌used‌ ‌to‌ ‌create‌ ‌a‌ ‌shortlist‌ ‌of‌ ‌6‌ ‌potential‌ ‌regions,‌ ‌based‌ ‌on‌                             
malaria‌‌prevalence,‌‌maize‌‌cultivation‌‌and‌‌where‌‌1AF‌‌had‌‌no‌‌plans‌‌to‌‌scale‌‌its‌‌Core‌‌Program.‌‌A‌‌                               
scouting‌‌survey‌‌with‌‌approximately‌‌1,000‌‌households‌‌across‌‌those‌‌6‌‌regions‌‌identified‌‌Singida‌‌                       
as‌ ‌the‌ ‌region‌ ‌with‌ ‌the‌ ‌highest‌ ‌potential‌ ‌for‌ ‌program‌ ‌impact.‌ ‌Product-specific‌ ‌tests‌ ‌were‌‌                         
conducted‌ ‌with‌ ‌a‌ ‌total‌ ‌of‌ ‌approximately‌ ‌300‌ ‌smallholder‌ ‌farmers‌ ‌in‌ ‌Singida‌ ‌region,‌ ‌covering‌‌                         
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maize‌ ‌inputs,‌ ‌chickens,‌ ‌corn‌ ‌soy‌ ‌blend,‌ ‌tree‌ ‌seedlings‌ ‌and‌ ‌mosquito‌ ‌nets.‌ ‌Small‌ ‌quantitative‌                         
and‌ ‌qualitative‌ ‌studies‌ ‌tested‌ ‌key‌ ‌impact‌ ‌assumptions‌ ‌behind‌ ‌the‌ ‌products,‌ ‌verified‌ ‌farmer‌‌                       
demand‌ ‌and‌ ‌allowed‌ ‌testing‌ ‌of‌ ‌delivery‌ ‌logistics.‌‌ ‌  
‌ 

Direct‌‌provision‌‌of‌‌agricultural‌‌inputs‌‌to‌‌smallholder‌‌farmers‌‌has‌‌been‌‌demonstrated‌‌to‌‌increase‌‌                         
agricultural‌ ‌productivity‌ ‌and‌ ‌rural‌ ‌incomes.‌ ‌Deutchmann‌ ‌et‌ ‌al‌ ‌(2019)‌‌conducted‌‌a‌‌randomized‌‌                       
controlled‌ ‌trial‌ ‌(RCT)‌ ‌of‌ ‌1AF’s‌ ‌Core‌ ‌Program,‌ ‌which‌ ‌provides‌ ‌agricultural‌ ‌inputs‌ ‌on‌ ‌loan‌ ‌to‌‌                           
smallholder‌ ‌farmers‌ ‌across‌ ‌East‌ ‌Africa,‌ ‌including‌ ‌in‌ ‌Tanzania.‌ ‌Deutchmann‌ ‌et‌ ‌al‌ ‌found‌ ‌that‌‌                         
treatment‌ ‌farmer‌ ‌maize‌‌yields‌‌increased‌‌24%‌‌and‌‌maize‌‌profits‌‌increased‌‌16%‌‌‌(Deutschmann‌‌                       
et‌ ‌al.‌ ‌2019)‌.‌ ‌Carter‌ ‌et‌ ‌al‌ ‌2019‌ ‌conducted‌ ‌an‌ ‌RCT‌ ‌of‌ ‌an‌ ‌input‌ ‌subsidies‌ ‌program‌ ‌from‌ ‌the‌‌                                 
government‌ ‌of‌ ‌Mozambique,‌ ‌finding‌ ‌positive‌ ‌impacts‌ ‌on‌ ‌maize‌ ‌yields‌ ‌and‌ ‌household‌‌                     
consumption‌‌‌(Carter,‌‌Laajaj,‌‌and‌‌Yang‌‌2019)‌.‌‌The‌‌HDF‌‌regional‌‌scouting‌‌survey‌‌found‌‌that‌‌the‌‌                           
large‌‌majority‌‌of‌‌households‌‌in‌‌rural‌‌Singida‌‌cultivate‌‌at‌‌least‌‌1‌‌acre‌‌of‌‌maize‌‌each‌‌year‌‌but‌‌that‌‌                                   
few‌ ‌had‌ ‌access‌ ‌to‌ ‌quality‌ ‌inputs.‌ ‌Qualitative‌ ‌product‌ ‌tests‌ ‌with‌ ‌30‌ ‌farmers‌ ‌in‌ ‌Singida‌ ‌found‌‌                             
strong‌ ‌interest‌ ‌in‌ ‌receiving‌ ‌maize‌ ‌inputs‌ ‌in‌ ‌the‌ ‌bundle‌ ‌and‌ ‌high‌ ‌adherence‌ ‌to‌ ‌a‌‌set‌‌of‌‌simple‌‌                                 
trainings‌‌on‌‌input‌‌use.‌‌The‌‌exact‌‌composition‌‌of‌‌the‌‌bundled‌‌maize‌‌inputs,‌‌including‌‌ideal‌‌seed‌‌                             
variety‌ ‌and‌ ‌fertilizer‌ ‌dosage,‌ ‌was‌ ‌determined‌ ‌following‌ ‌consultation‌ ‌with‌‌the‌‌Singida‌‌Regional‌‌                       
Agricultural‌ ‌Office‌ ‌and‌ ‌1AF’s‌ ‌Agricultural‌ ‌Research‌ ‌Team.‌ ‌The‌ ‌maize‌ ‌bundle‌ ‌distributed‌ ‌to‌‌                       
treatment‌‌farmers‌‌included‌‌30kg‌‌of‌‌DAP,‌‌60kg‌‌of‌‌urea,‌‌10kg‌‌of‌‌hybrid‌‌maize‌‌seed,‌‌a‌‌scoop‌‌for‌‌                                 
fertilizer‌ ‌micro-dosing‌ ‌and‌ ‌a‌ ‌string‌ ‌marked‌ ‌at‌ ‌30cm‌ ‌intervals‌ ‌to‌ ‌support‌ ‌row‌ ‌planting.‌ ‌ 
‌ 

Solar‌ ‌lights‌ ‌have‌ ‌been‌ ‌proposed‌ ‌as‌ ‌poverty-reducing‌ ‌tools,‌ ‌freeing‌ ‌up‌ ‌household‌ ‌income‌ ‌by‌‌                         
reducing‌ ‌expenditure‌ ‌on‌ ‌other‌ ‌energy‌ ‌sources,‌ ‌such‌ ‌as‌ ‌kerosene‌ ‌or‌ ‌batteries‌ ‌for‌ ‌torches.‌‌                         
Although‌ ‌less‌ ‌studied‌ ‌than‌ ‌agricultural‌ ‌inputs,‌ ‌a‌ ‌randomized‌ ‌evaluation‌ ‌in‌ ‌Kenya‌ ‌found‌ ‌solar‌‌                         
lights‌ ‌reduced‌ ‌energy‌ ‌expenditure‌ ‌by‌ ‌half,‌ ‌and‌ ‌a‌ ‌quasi-experimental‌ ‌study‌ ‌in‌ ‌Uganda‌ ‌found‌‌                         
energy‌ ‌expenditure‌ ‌reductions‌ ‌of‌ ‌over‌ ‌70%‌ ‌‌(Rom,‌ ‌Günther,‌ ‌and‌ ‌Harrison‌ ‌2017;‌ ‌Chen‌ ‌et‌ ‌al.‌‌                           
2017)‌.‌‌The‌‌HDF‌‌scouting‌‌survey‌‌indicated‌‌that‌‌rural‌‌households‌‌in‌‌Singida‌‌spend‌‌about‌‌$10‌‌per‌‌                             
year‌ ‌on‌ ‌lighting‌ ‌and‌ ‌phone‌ ‌charging‌‌expenses.‌‌This‌‌figure‌‌was‌‌higher‌‌for‌‌households‌‌that‌‌did‌‌                             
not‌ ‌already‌ ‌own‌ ‌solar‌‌lamps,‌‌resulting‌‌in‌‌the‌‌decision‌‌to‌‌target‌‌solar‌‌lamps‌‌only‌‌at‌‌the‌‌roughly‌‌                                 
50%‌‌of‌‌households‌‌that‌‌did‌‌not‌‌already‌‌own‌‌them.‌‌Qualitative‌‌discussions‌‌with‌‌rural‌‌households‌‌                           
suggested‌ ‌strong‌ ‌interest‌ ‌in‌ ‌receiving‌ ‌solar‌ ‌lamps‌ ‌in‌ ‌the‌ ‌bundle,‌ ‌however‌ ‌no‌ ‌actual‌ ‌product‌‌                           
trials‌ ‌were‌ ‌conducted‌ ‌with‌ ‌solar‌ ‌lamps.‌ ‌ 
‌ 

Improved‌‌chicken‌‌breeds‌‌have‌‌potential‌‌to‌‌generate‌‌multiple‌‌benefits‌‌for‌‌rural‌‌households.‌‌Eggs‌‌                         
and‌ ‌fully-grown‌ ‌birds‌ ‌can‌ ‌be‌ ‌sold,‌ ‌generating‌ ‌income,‌ ‌or‌ ‌consumed,‌ ‌reducing‌ ‌expenditure‌‌                       
(IDinsight‌ ‌2018)‌.‌ ‌Egg‌ ‌and‌ ‌meat‌ ‌consumption‌ ‌can‌ ‌also‌ ‌provide‌ ‌important‌ ‌protein‌ ‌sources‌ ‌for‌‌                         
young‌ ‌children‌ ‌‌(Passarelli‌ ‌et‌ ‌al.‌ ‌2020)‌.‌‌HDF‌‌regional‌‌scouting‌‌data‌‌indicated‌‌that‌‌over‌‌90%‌‌of‌‌                             
rural‌ ‌Singida‌ ‌households‌ ‌keep‌ ‌chickens.‌ ‌mall-sample‌ ‌product‌ ‌tests‌ ‌indicated‌ ‌that‌‌participants‌‌                     
were‌ ‌able‌ ‌to‌ ‌build‌ ‌a‌ ‌simple‌ ‌chicken‌ ‌hutch‌ ‌and‌ ‌had‌ ‌access‌ ‌to‌ ‌markets‌ ‌for‌ ‌chickens‌ ‌and‌ ‌eggs.‌‌ ‌  
‌ 

In‌‌addition‌‌to‌‌higher‌‌levels‌‌of‌‌poverty,‌‌rural‌‌households‌‌are‌‌also‌‌exposed‌‌to‌‌substantially‌‌higher‌‌                             
risk‌ ‌of‌ ‌malaria.‌ ‌In‌ ‌a‌ ‌2017‌ ‌study‌ ‌in‌ ‌Tanzania,‌ ‌7%‌ ‌of‌ ‌a‌ ‌random‌ ‌sample‌ ‌of‌ ‌rural‌ ‌children‌‌tested‌‌                                   
positive‌ ‌for‌ ‌malaria,‌ ‌versus‌ ‌just‌ ‌2%‌ ‌of‌ ‌urban‌ ‌children‌ ‌‌(Ministry‌ ‌of‌ ‌Health,‌ ‌Community‌‌                         
Development,‌ ‌Gender‌ ‌and‌ ‌Children‌ ‌and‌ ‌Ministry‌ ‌of‌‌Health‌‌Zanzibar‌‌2018)‌.‌‌Insecticide-treated‌‌                     
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nets‌‌(ITN)‌‌have‌‌been‌‌consistently‌‌shown‌‌to‌‌be‌‌highly‌‌effective‌‌at‌‌reducing‌‌malaria‌‌transmission‌‌                           
through‌ ‌systematic‌ ‌reviews‌ ‌‌(Pryce,‌‌Richardson,‌‌and‌‌Lengeler‌‌2018)‌.‌‌Focus‌‌group‌‌discussions‌‌                     
with‌ ‌Singida‌ ‌households‌ ‌revealed‌ ‌malaria‌ ‌to‌ ‌be‌ ‌a‌ ‌significant‌ ‌reported‌ ‌challenge.‌ ‌While‌ ‌most‌‌                         
households‌‌reported‌‌owning‌‌ITN,‌‌often‌‌distributed‌‌for‌‌free‌‌by‌‌the‌‌government,‌‌they‌‌reported‌‌that‌‌                           
the‌ ‌ITN‌ ‌were‌ ‌often‌ ‌quite‌ ‌old‌ ‌and‌ ‌worn.‌ ‌Small‌ ‌sample‌ ‌trials‌ ‌of‌ ‌ITNs‌ ‌in‌ ‌Singida‌ ‌indicated‌ ‌high‌‌                                 
adherence‌ ‌to‌ ‌sleeping‌ ‌under‌ ‌the‌ ‌ITN‌ ‌at‌ ‌night.‌‌ ‌  
‌ 

Malnutrition‌‌is‌‌a‌‌significant‌‌challenge‌‌in‌‌Tanzania.‌‌The‌‌World‌‌Bank‌‌estimates‌‌that‌‌34%‌‌of‌‌under‌‌                             
5’s‌ ‌are‌ ‌stunted‌ ‌‌(The‌ ‌World‌ ‌Bank‌ ‌2018)‌.‌‌The‌‌challenge‌‌of‌‌poor‌‌nutrition‌‌is‌‌particularly‌‌acute‌‌in‌ ‌                               
the‌ ‌Singida‌ ‌region,‌ ‌with‌ ‌the‌ ‌Tanzanian‌ ‌government‌ ‌estimating‌ ‌that‌ ‌5%‌ ‌of‌ ‌children‌ ‌in‌ ‌Singida‌‌                           
suffer‌ ‌from‌ ‌Global‌ ‌Acute‌ ‌Malnutrition,‌ ‌the‌ ‌highest‌ ‌level‌ ‌of‌ ‌any‌‌region‌‌in‌‌the‌‌country‌‌‌(Tanzania‌‌                             
Food‌ ‌and‌ ‌Nutrition‌ ‌Centre‌ ‌2019)‌.‌ ‌Corn-soy‌ ‌blend‌ ‌(CSB)‌ ‌is‌ ‌a‌ ‌fortified‌ ‌food‌ ‌blend,‌ ‌commonly‌‌                           
provided‌‌by‌‌the‌‌World‌‌Food‌‌Program‌‌to‌‌treat‌‌moderate‌‌acute‌‌malnutrition‌‌‌(World‌‌Food‌‌Program‌‌                           
2018)‌.‌ ‌Focus‌ ‌group‌ ‌discussions‌ ‌indicated‌ ‌that‌ ‌Singida‌ ‌households‌ ‌were‌ ‌not‌ ‌aware‌ ‌of‌‌                       
malnutrition‌ ‌as‌ ‌a‌ ‌specific‌ ‌challenge‌ ‌but‌ ‌that‌ ‌interviewees‌ ‌responded‌ ‌positively‌ ‌to‌ ‌the‌ ‌idea‌ ‌of‌‌                           
supplements‌ ‌designed‌ ‌to‌ ‌help‌ ‌children‌ ‌develop‌ ‌healthily.‌ ‌Small‌ ‌sample‌ ‌product‌ ‌tests‌ ‌with‌‌                       
Singida‌ ‌households‌ ‌with‌ ‌CSB‌ ‌found‌ ‌high‌ ‌adherence‌ ‌to‌ ‌use‌ ‌of‌ ‌the‌ ‌product,‌ ‌with‌ ‌most‌ ‌of‌ ‌the‌‌                               
supplement‌ ‌going‌ ‌directly‌ ‌to‌ ‌the‌ ‌young‌ ‌children‌ ‌intended‌ ‌as‌ ‌recipients.‌‌ ‌  
‌ 

Trees‌ ‌may‌ ‌represent‌ ‌an‌ ‌opportunity‌ ‌for‌ ‌farmers‌ ‌to‌ ‌build‌ ‌steady‌ ‌income,‌ ‌from‌ ‌fruit‌ ‌sales,‌ ‌and‌‌                             
long-term‌ ‌assets,‌ ‌for‌ ‌eventual‌ ‌timber‌ ‌sales.‌ ‌A‌ ‌World‌ ‌Bank‌ ‌survey‌ ‌of‌ ‌5‌ ‌African‌ ‌countries,‌‌                           
including‌ ‌Tanzania,‌ ‌found‌ ‌that‌ ‌trees‌ ‌account‌ ‌for‌ ‌6%‌ ‌of‌ ‌annual‌ ‌income‌ ‌across‌ ‌all‌ ‌rural‌‌                           
households,‌‌or‌‌17%‌‌for‌‌those‌‌growing‌‌trees‌‌‌(Miller,‌‌Muñoz-Mora,‌‌and‌‌Christiaensen‌‌2017)‌.‌‌Tree‌‌                         
planting‌‌by‌‌smallholder‌‌farmers‌‌is‌‌especially‌‌common‌‌in‌‌Tanzania,‌‌with‌‌55%‌‌of‌‌rural‌‌households‌‌                           
planting‌ ‌trees‌ ‌(Miller‌ ‌2016).‌ ‌There‌ ‌are,‌ ‌however,‌ ‌few‌ ‌rigorous‌ ‌evaluations‌ ‌of‌ ‌the‌ ‌income‌‌                         
potential‌ ‌of‌ ‌a‌ ‌tree‌ ‌distribution‌‌program.‌‌Given‌‌the‌‌very‌‌low‌‌cost‌‌of‌‌tree‌‌seedlings‌‌(about‌‌$0.10‌‌                               
each)‌ ‌and‌ ‌farmer‌ ‌interest‌ ‌expressed‌ ‌through‌ ‌product‌ ‌tests,‌ ‌a‌ ‌mixed‌ ‌bundle‌ ‌of‌ ‌tree‌ ‌seedlings‌‌                           
was‌‌included‌‌in‌‌the‌‌HDF‌‌program.‌‌The‌‌bundle‌‌included‌‌10‌‌fruit‌‌trees‌‌(5‌‌papaya‌‌and‌‌5‌‌cashew‌‌                                 
seedlings),‌ ‌10‌ ‌timber‌ ‌trees‌ ‌(5‌ ‌acacias‌ ‌and‌‌5‌‌grevillea‌‌seedlings),‌‌and‌‌10‌‌agroforestry‌‌trees‌‌(5‌‌                             
gliricidia‌ ‌and‌ ‌5‌ ‌acrocarpus‌ ‌seedlings).‌ ‌ 
‌ 

As‌ ‌part‌ ‌of‌ ‌this‌ ‌pilot‌ ‌process,‌ ‌40‌ ‌households‌ ‌were‌ ‌given‌ ‌the‌ ‌cash-equivalent‌ ‌of‌ ‌the‌ ‌bundle‌‌                             
products.‌ ‌When‌ ‌told‌ ‌that‌ ‌they‌ ‌were‌ ‌being‌ ‌given‌ ‌cash‌ ‌to‌ ‌compare‌ ‌their‌ ‌outcomes‌ ‌to‌ ‌farmers‌‌                             
receiving‌‌products,‌‌these‌‌cash‌‌households‌‌consistently‌‌reported‌‌that‌‌they‌‌would‌‌prefer‌‌products‌‌                       
of‌‌equivalent‌‌value,‌‌saying‌‌that‌‌they‌‌had‌‌little‌‌of‌‌quality‌‌to‌‌buy‌‌in‌‌their‌‌villages.‌‌Although‌‌we‌‌had‌‌                                   
considered‌‌adding‌‌cash‌‌as‌‌part‌‌of‌‌the‌‌HDF‌‌bundle,‌‌this‌‌experience‌‌informed‌‌our‌‌decision‌‌to‌‌not‌‌                               
include‌ ‌cash.‌‌ ‌  
‌ 

After‌ ‌product‌ ‌testing,‌ ‌and‌ ‌larger-scale‌ ‌piloting,‌ ‌the‌ ‌final‌ ‌product‌ ‌bundle‌ ‌included‌ ‌the‌‌following‌‌                         
products:‌ ‌10kg‌ ‌of‌ ‌hybrid‌ ‌maize‌ ‌seed,‌ ‌60kg‌ ‌of‌ ‌maize‌ ‌fertilizer,‌ ‌one‌ ‌solar‌ ‌light,‌ ‌three‌ ‌ITNs,‌‌                             
corn-soy‌ ‌blend‌ ‌(CSB)‌ ‌nutritional‌ ‌powder‌ ‌for‌ ‌infants,‌ ‌10‌ ‌hybrid‌ ‌chicks,‌ ‌30‌ ‌tree‌ ‌seedlings‌ ‌and‌‌                           
three‌ ‌sealed‌ ‌harvest‌ ‌bags.‌ ‌ 
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3.‌ ‌Methods‌ ‌and‌ ‌Data‌ ‌ 

Design‌ ‌ 
This‌ ‌study‌ ‌is‌ ‌a‌ ‌cluster-randomized‌ ‌control‌ ‌trial‌ ‌randomized‌ ‌at‌ ‌the‌ ‌village‌ ‌level.‌ ‌ 
‌ 

Our‌‌sample‌‌included‌‌192‌‌villages‌‌located‌‌in‌‌the‌‌Singida‌‌region‌‌of‌‌Tanzania.‌‌The‌‌chosen‌‌villages‌‌                             
were‌ ‌a‌ ‌random‌ ‌subset‌ ‌of‌‌300‌‌officially‌‌recognized‌‌villages‌‌in‌‌the‌‌region.‌‌We‌‌excluded‌‌villages‌‌                             
where‌ ‌survey‌ ‌piloting,‌ ‌product‌ ‌testing,‌ ‌or‌ ‌distribution‌ ‌piloting‌ ‌had‌ ‌taken‌ ‌place,‌ ‌as‌ ‌well‌ ‌as‌ ‌all‌‌                             
villages‌‌in‌‌one‌‌district‌‌where‌‌little‌‌maize‌‌was‌‌grown.‌‌Before‌‌baseline,‌‌we‌‌randomly‌‌assigned‌‌the‌‌                             
chosen‌ ‌villages‌ ‌to‌ ‌either‌ ‌treatment‌ ‌or‌‌control‌‌arms.‌‌We‌‌stratified‌‌the‌‌randomization‌‌by‌‌district,‌‌                           
the‌ ‌largest‌ ‌administrative‌ ‌area‌ ‌beneath‌ ‌the‌ ‌region.‌ ‌We‌ ‌chose‌ ‌villages‌ ‌as‌ ‌the‌ ‌level‌ ‌of‌‌                           
randomization‌ ‌both‌ ‌to‌ ‌avoid‌ ‌the‌ ‌spillover‌ ‌effects‌ ‌to‌ ‌neighboring‌ ‌households.‌ ‌ 
‌ 

During‌‌baseline‌‌data‌‌collection,‌‌field‌‌staff‌‌worked‌‌with‌‌village‌‌administrators‌‌to‌‌establish‌‌a‌‌list‌‌of‌                             
village‌ ‌“Balozis”.‌ ‌Balozis‌ ‌are‌ ‌ambassadors‌ ‌who‌ ‌represent‌ ‌a‌‌village‌‌sub-part‌‌made‌‌of‌‌10‌‌to‌‌30‌‌                             
households,‌ ‌amongst‌ ‌which‌ ‌the‌ ‌Balozi‌ ‌lives.‌ ‌Once‌ ‌field‌ ‌staff‌ ‌established‌ ‌a‌ ‌list‌ ‌of‌ ‌Balozis,‌ ‌we‌‌                             
randomly‌ ‌selected‌ ‌one‌ ‌Balozi‌ ‌per‌ ‌village.‌ ‌The‌ ‌Balozi’s‌ ‌household‌ ‌as‌ ‌well‌ ‌as‌ ‌the‌ ‌nine‌‌                           
households‌‌closest‌‌to‌‌the‌‌Balozi’s‌‌house‌‌were‌‌invited‌‌to‌‌become‌‌study‌‌participants,‌‌collectively‌‌                         
called‌‌a‌‌‌kikundi‌‌(small‌‌group).‌4‌ ‌We‌‌excluded‌‌from‌‌the‌‌sample‌‌households‌‌that‌‌were‌‌unavailable‌‌                           
during‌ ‌the‌‌week‌‌of‌‌baseline‌‌surveying,‌‌or‌‌those‌‌that‌‌declined‌‌to‌‌participate.‌‌These‌‌households‌‌                           
were‌‌replaced‌‌by‌‌the‌‌next‌‌closest‌‌household‌‌to‌‌the‌‌Balozi’s‌‌house.‌‌Field‌‌staff‌‌followed‌‌the‌‌same‌‌                               
procedure‌ ‌when‌ ‌a‌ ‌household‌ ‌declined‌ ‌to‌ ‌participate‌ ‌in‌ ‌the‌ ‌study.‌ ‌Given‌ ‌192‌ ‌villages‌ ‌and‌ ‌10‌‌                             
households‌ ‌per‌ ‌village,‌ ‌our‌ ‌target‌ ‌sample‌ ‌size‌ ‌was‌ ‌1,920‌ ‌households.‌‌ ‌  
‌ 

Given‌ ‌the‌ ‌high‌ ‌expense‌ ‌of‌ ‌implementing‌ ‌the‌ ‌HDF‌ ‌program‌ ‌in‌ ‌treatment‌ ‌households,‌ ‌we‌‌                         
assigned‌ ‌64‌ ‌villages‌ ‌(kikundi)‌ ‌to‌ ‌treatment‌ ‌and‌ ‌128‌ ‌villages‌ ‌(kikundi)‌ ‌to‌ ‌control.‌ ‌Ex-ante,‌ ‌we‌‌                           
estimated‌‌that‌‌this‌‌design‌‌had‌‌a‌‌minimal‌‌detectable‌‌effect‌‌size‌‌of‌‌.18‌‌standard‌‌deviations.‌5‌ ‌The‌‌                             
study’s‌ ‌actual‌ ‌sample‌ ‌size‌‌differs‌‌somewhat‌‌from‌‌the‌‌design,‌‌as‌‌described‌‌in‌‌the‌‌Data‌‌section‌‌                             
below‌‌and‌‌Table‌‌8.‌ ‌Baseline‌‌data‌‌collection‌‌was‌‌conducted‌‌between‌‌August‌‌and‌‌October‌‌2019.‌‌                           
It‌ ‌was‌ ‌rolled‌ ‌out‌ ‌geographically‌ ‌with‌ ‌a‌ ‌proportionate‌ ‌number‌ ‌of‌ ‌treatment‌ ‌and‌ ‌control‌ ‌group‌‌                           
villages‌ ‌surveyed‌ ‌each‌ ‌week.‌ ‌The‌ ‌distribution‌ ‌of‌ ‌the‌ ‌HDF‌ ‌bundle‌ ‌(the‌ ‌treatment)‌ ‌occurred‌‌                         
between‌ ‌September‌ ‌and‌‌November‌‌2019,‌‌two‌‌to‌‌three‌‌months‌‌after‌‌randomization‌‌and‌‌before‌‌                         
the‌ ‌maize‌ ‌planting‌ ‌season.‌ ‌1AF‌ ‌began‌ ‌enrolling‌ ‌households‌ ‌in‌ ‌the‌ ‌HDF‌ ‌program‌ ‌while‌ ‌the‌‌                           
baseline‌ ‌survey‌ ‌was‌ ‌still‌ ‌ongoing,‌ ‌but‌ ‌a‌ ‌given‌ ‌household‌ ‌was‌ ‌only‌ ‌enrolled‌ ‌after‌ ‌all‌ ‌sampled‌‌                             
villages‌‌in‌‌that‌‌household‌‌had‌‌received‌‌the‌‌baseline‌‌survey.‌‌Furthermore,‌‌households‌‌were‌‌not‌‌                         

4 ‌This‌ ‌procedure‌ ‌changed‌ ‌after‌ ‌September‌ ‌17,‌ ‌2019,‌ ‌when‌ ‌government‌ ‌officials‌ ‌requested‌ ‌that‌ ‌the‌‌ 
Balozis‌ ‌themselves‌ ‌no‌ ‌longer‌ ‌participate‌ ‌in‌ ‌the‌ ‌study.‌ ‌From‌ ‌then‌ ‌on,‌ ‌we‌ ‌invited‌ ‌the‌ ‌10‌ ‌households‌ ‌closest‌‌ 
to‌ ‌the‌ ‌Balozi’s‌ ‌house‌ ‌to‌ ‌participate‌ ‌in‌ ‌the‌ ‌study.‌ ‌ 
5 ‌‌This‌ ‌estimate‌ ‌is‌ ‌based‌ ‌on‌ ‌assumptions‌ ‌of‌ ‌power‌ ‌of‌ ‌.8,‌ ‌size‌ ‌of‌ ‌.05,‌ ‌intra-cluster‌ ‌correlation‌ ‌of‌ ‌.1,‌ ‌and‌ ‌a‌‌ 
correlation‌ ‌between‌ ‌baseline‌ ‌and‌ ‌endline‌ ‌outcomes‌ ‌of‌ ‌.3.‌ ‌We‌ ‌use‌ ‌the‌ ‌harmonic‌ ‌mean‌ ‌of‌ ‌the‌ ‌uneven‌‌ 
cluster‌ ‌sizes‌ ‌in‌ ‌C‌ ‌and‌ ‌T‌ ‌(85),‌ ‌as‌ ‌suggested‌ ‌in‌ ‌Spybrook‌ ‌et‌ ‌al‌ ‌(2011).‌ ‌Stata‌ ‌command:‌‌ 
calculationclustersampsi,‌ ‌detectabledifference‌ ‌rho(.1)‌ ‌k(85)‌ ‌m(10)‌ ‌base_correl(.3)‌ ‌ 
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actually‌ ‌treated‌ ‌(e.g.,‌ ‌they‌ ‌did‌ ‌not‌ ‌receive‌ ‌the‌ ‌HDF‌ ‌bundle‌ ‌or‌ ‌any‌ ‌training)‌ ‌until‌ ‌after‌ ‌the‌‌                               
baseline‌ ‌survey‌ ‌was‌ ‌complete.‌ ‌ 
‌ 

Our‌ ‌study‌ ‌was‌ ‌registered‌ ‌along‌ ‌with‌ ‌a‌ ‌pre-analysis‌ ‌plan‌ ‌in‌ ‌the‌ ‌American‌ ‌Economics‌‌                         
Association’s‌ ‌trial‌ ‌registry‌ ‌(‌AEARCTR-0005027),‌ ‌and‌ ‌received‌ ‌ethical‌ ‌approval‌ ‌from‌ ‌the‌‌                   
National‌ ‌Institute‌ ‌for‌ ‌Medical‌ ‌Research‌ ‌(NIRM)‌ ‌as‌ ‌well‌ ‌as‌ ‌approval‌ ‌from‌ ‌the‌ ‌Tanzania’s‌‌                         
Commission‌ ‌for‌ ‌Science‌ ‌and‌ ‌Technology‌ ‌(COSTECH)‌ ‌ 

Data‌ ‌ 

Data‌ ‌collection‌ ‌procedures‌ ‌ 

One‌ ‌Acre‌ ‌Fund‌ ‌and‌ ‌IDinsight‌ ‌jointly‌ ‌carried‌ ‌out‌ ‌data‌ ‌collection‌ ‌between‌ ‌August‌ ‌2019‌ ‌and‌‌                           
November‌‌2020.‌‌The‌‌villages‌‌were‌‌randomly‌‌allocated‌‌into‌‌three‌‌equal‌‌cohorts,‌‌and‌‌one‌‌cohort‌‌                           
was‌‌surveyed‌‌each‌‌month.‌‌This‌‌process‌‌resulted‌‌in‌‌each‌‌household‌‌being‌‌surveyed‌‌at‌‌baseline‌‌                           
(August-October),‌ ‌and‌ ‌then‌ ‌four‌ ‌additional‌ ‌times‌ ‌over‌ ‌the‌ ‌course‌ ‌of‌ ‌12‌ ‌months.‌ ‌Households‌‌                         
were‌ ‌surveyed‌ ‌once‌ ‌every‌ ‌three‌ ‌months.‌‌ ‌  
‌ 

Each‌ ‌follow-up‌ ‌survey‌ ‌gathered‌ ‌data‌ ‌on‌ ‌income‌ ‌(revenue‌ ‌and‌ ‌expenses‌ ‌for‌ ‌maize,‌‌chickens,‌‌                         
and‌ ‌energy)‌ ‌as‌ ‌well‌ ‌as‌ ‌household‌‌consumption.‌‌Certain‌‌rounds‌‌contained‌‌additional‌‌variables‌‌                       
used‌ ‌in‌ ‌the‌ ‌analysis,‌ ‌such‌ ‌as‌ ‌bednet‌ ‌usage‌ ‌and‌ ‌tree‌ ‌survival.‌‌  

We‌ ‌collected‌ ‌data‌ ‌using‌ ‌tablet‌ ‌computers‌ ‌by‌ ‌field‌ ‌staff‌ ‌hired‌ ‌by‌ ‌OAF.‌ ‌All‌ ‌surveyed‌ ‌were‌‌                             
conducted‌‌in‌‌person.‌‌We‌‌used‌‌the‌‌electronic‌‌data‌‌collection‌‌software‌‌CommCare‌‌to‌‌administer‌‌                         
the‌ ‌surveys‌ ‌and‌ ‌store‌ ‌data.‌ ‌We‌ ‌utilized‌ ‌a‌ ‌standard‌ ‌suite‌ ‌of‌ ‌data‌ ‌quality‌‌procedures‌‌designed‌‌                             
and‌‌overseen‌‌by‌‌IDinsight)‌‌including‌‌automated‌‌daily‌‌checks‌‌and‌‌resurveys‌‌in‌‌the‌‌case‌‌of‌‌poor‌‌                             
data‌ ‌quality.‌‌ ‌  

Outcomes‌ ‌of‌ ‌interest‌ ‌ 

Primary‌ ‌outcomes‌ ‌ 
As‌‌described‌‌in‌‌our‌‌‌pre-analysis‌‌plan‌,‌‌our‌‌two‌‌primary‌‌outcomes‌‌were‌‌net‌‌direct‌‌income‌‌gained‌‌                             
(DIG)‌ ‌from‌ ‌the‌ ‌products‌ ‌included‌ ‌in‌ ‌the‌ ‌HDF‌ ‌bundle‌ ‌and‌ ‌one-month‌ ‌non-durable‌ ‌household‌‌                         
consumption‌ ‌measured‌ ‌9-11‌ ‌months‌ ‌after‌‌the‌‌transfer‌‌(which‌‌corresponds‌‌to‌‌1-3‌‌months‌‌after‌‌                         
the‌ ‌primary‌ ‌maize‌ ‌harvest).‌ ‌Direct‌ ‌income‌ ‌gains‌ ‌is‌ ‌a‌ ‌measure‌ ‌of‌ ‌the‌ ‌first-order‌ ‌income‌ ‌(or‌‌                             
savings)‌‌effects‌‌from‌‌the‌‌three‌‌primary‌‌income-generating‌‌components‌‌of‌‌the‌‌HDF‌‌bundle.‌‌We‌‌                         
calculated‌ ‌DIG‌ ‌as‌ ‌the‌ ‌sum‌ ‌of‌‌profits‌ ‌from‌‌cultivating‌‌maize‌‌during‌‌the‌‌primary‌‌maize‌‌season,‌‌                             
profits‌ ‌from‌ ‌raising‌ ‌chickens,‌ ‌and‌ ‌profits‌ ‌from‌ ‌producing‌ ‌energy‌ ‌to‌ ‌light‌ ‌one’s‌ ‌home‌ ‌and‌‌                           
charging‌ ‌mobile‌ ‌phones.‌ ‌ 
‌ 

9‌ ‌ 

https://www.socialscienceregistry.org/trials/5027


We‌‌measured‌‌profits‌‌from‌‌maize‌‌as‌‌the‌‌difference‌‌between‌‌the‌‌value‌‌of‌‌the‌‌maize‌‌harvest‌‌and‌‌                               
farmers’‌‌expenditure‌‌on‌‌agricultural‌‌inputs‌‌(such‌‌as‌‌labor‌6‌ ‌and‌‌chemical‌‌inputs).‌‌Chicken‌‌profits‌‌                         
consist‌ ‌of‌ ‌the‌‌value‌‌of‌‌eggs‌‌produced‌‌plus‌‌the‌‌value‌‌of‌‌chickens‌‌consumed‌‌or‌‌sold‌‌minus‌‌any‌‌                                 
expenses‌ ‌that‌ ‌went‌ ‌toward‌ ‌maintaining‌ ‌chickens,‌ ‌such‌‌as‌‌feed,‌‌transport‌‌costs‌‌(for‌‌sale),‌‌and‌‌                           
veterinary‌‌treatment.‌‌We‌‌also‌‌measure‌‌the‌‌current‌‌sales‌‌value‌‌of‌‌the‌‌current‌‌flock‌‌of‌‌chickens,‌‌                             
and‌‌use‌‌this‌‌as‌‌a‌‌proxy‌‌for‌‌the‌‌future‌‌income‌‌stream‌‌from‌‌chickens.‌‌Energy‌‌profits‌‌were‌‌the‌‌sum‌‌                                   
of‌ ‌the‌‌revenue‌ ‌from‌‌charging‌‌cell‌‌phones‌‌using‌‌home‌‌solar‌‌systems,‌‌less‌‌the‌‌energy‌‌costs‌‌to‌ ‌                               
pay‌‌others‌‌to‌‌charge‌‌cell‌‌phones,‌‌and‌ ‌lighting‌‌costs‌‌(such‌‌as‌‌kerosene,‌‌batteries,‌‌and‌‌repairs).‌‌                             
We‌ ‌also‌ ‌include‌ ‌in‌ ‌energy‌ ‌profits‌ ‌the‌ ‌value‌ ‌of‌ ‌HDF-distributed‌ ‌lamps,‌ ‌calculated‌ ‌as‌ ‌the‌‌                           
estimated‌ ‌discounted‌ ‌flow‌ ‌of‌ ‌future‌ ‌profits‌ ‌from‌ ‌the‌ ‌lamps.‌ ‌We‌ ‌extrapolated‌ ‌the‌ ‌one-year‌‌                         
impact‌‌of‌‌lamps‌‌to‌‌five‌‌years,‌‌discounting‌‌for‌‌the‌‌saving‌‌rate‌‌in‌‌Tanzania‌7‌ ‌plus‌‌the‌‌rate‌‌at‌‌which‌‌                                   
lamps‌ ‌were‌ ‌expected‌ ‌to‌ ‌stop‌ ‌working‌ ‌‌(The‌ ‌World‌ ‌Bank‌ ‌2019a;‌ ‌2019b)‌.‌‌ ‌  
‌ 

We‌‌chose‌‌DIG‌‌as‌‌a‌‌primary‌‌outcome‌‌as‌‌it‌‌gives‌‌an‌‌easy‌‌to‌‌understand,‌‌first-order‌‌measure‌‌of‌‌                                 
the‌ ‌impact‌ ‌of‌ ‌HDF‌ ‌on‌ ‌income.‌‌It‌‌is‌‌akin‌‌to‌‌measuring‌‌maize‌‌profits‌‌for‌‌a‌‌maize‌‌intervention‌‌or‌‌                                   
chicken‌ ‌profits‌ ‌for‌ ‌a‌ ‌chicken‌ ‌intervention,‌ ‌and‌ ‌provides‌ ‌a‌ ‌number‌‌that‌‌is‌‌easily‌‌comparable‌‌to‌‌                             
1AF’s‌ ‌pilot‌ ‌implementation‌‌costs,‌‌thus‌‌allowing‌‌for‌‌calculation‌‌of‌‌Social‌‌Returns‌‌on‌‌Investment‌‌                         
(SROIs).‌‌We‌‌consider‌‌the‌‌primary‌‌audience‌‌for‌‌the‌‌DIG‌‌results‌‌to‌‌be‌‌1AF‌‌and‌‌potential‌‌donors‌‌                               
to‌ ‌HDF.‌ ‌ 
‌ 

One‌‌limitation‌‌of‌‌this‌‌outcome‌‌is‌‌that‌‌it‌‌does‌‌not‌‌take‌‌into‌‌account‌‌the‌‌second-order‌‌effects‌‌that‌‌                                 
households‌ ‌may‌ ‌incur,‌ ‌such‌ ‌as‌ ‌the‌ ‌re-allocation‌ ‌of‌ ‌land‌ ‌or‌ ‌reduced‌ ‌investment‌ ‌in‌ ‌other‌‌                           
businesses.‌ ‌We‌ ‌address‌ ‌this‌ ‌downside‌ ‌of‌ ‌the‌ ‌DIG‌ ‌measure‌ ‌by‌ ‌also‌ ‌measuring‌ ‌household‌‌                         
consumption.‌ ‌Our‌ ‌second‌ ‌primary‌ ‌outcome‌ ‌is‌ ‌households’‌ ‌post-harvest‌ ‌monthly‌ ‌non-durable‌‌                   
consumption,‌ ‌measured‌ ‌roughly‌ ‌one‌ ‌year‌ ‌after‌ ‌the‌ ‌delivery‌ ‌of‌ ‌the‌ ‌bundle.‌ ‌Consumption‌ ‌is‌ ‌a‌‌                           
well-established‌‌measure‌‌of‌‌welfare‌‌that‌‌allows‌‌the‌‌HDF‌‌pilot‌‌to‌‌be‌‌compared‌‌to‌‌a‌‌wide‌‌variety‌‌                               
of‌ ‌interventions‌ ‌‌(The‌ ‌Royal‌ ‌Swedish‌ ‌Academy‌ ‌of‌ ‌Sciences‌ ‌2015)‌.‌ ‌We‌ ‌consider‌ ‌the‌ ‌primary‌‌                         
audience‌ ‌for‌ ‌the‌ ‌consumption‌ ‌results‌ ‌to‌ ‌be‌ ‌the‌ ‌academic‌ ‌community.‌‌ ‌  
‌ 

For‌‌each‌‌study‌‌participant,‌‌we‌‌measured‌‌one-month‌‌of‌‌non-durable‌‌household‌‌consumption‌‌at‌‌                       
some‌‌point‌‌between‌ ‌9-11‌‌months‌‌after‌‌the‌‌intervention,‌‌using‌‌a‌‌standard‌‌consumption‌‌module‌‌                         
measuring‌ ‌food‌ ‌and‌ ‌other‌ ‌common‌ ‌household‌ ‌expenses.‌ ‌We‌ ‌did‌ ‌not‌ ‌include‌ ‌spending‌ ‌on‌‌                         
energy‌‌in‌‌our‌‌consumption‌‌outcome‌‌since‌‌we‌‌expected‌‌the‌‌distribution‌‌of‌‌solar‌‌lamps‌‌to‌‌reduce‌‌                             
energy‌ ‌spending.‌ ‌To‌ ‌facilitate‌ ‌recall,‌ ‌we‌ ‌asked‌ ‌households‌ ‌to‌ ‌estimate‌ ‌the‌ ‌value‌ ‌of‌ ‌their‌‌                           
consumption‌‌of‌‌a‌‌particular‌‌item‌‌for‌‌the‌‌past‌‌week,‌‌month,‌‌or‌‌year.‌‌We‌‌then‌‌linearly‌‌extrapolated‌‌                               
all‌ ‌consumption‌ ‌impacts‌ ‌to‌ ‌the‌ ‌month‌ ‌level.‌‌ ‌  
‌ 

Since‌‌our‌‌two‌‌primary‌‌outcomes‌‌were‌‌pre-specified‌‌and‌‌intended‌‌for‌‌different‌‌audiences,‌‌we‌‌do‌‌                           
not‌ ‌correct‌ ‌our‌ ‌inference‌ ‌for‌ ‌multiple‌ ‌hypotheses.‌ ‌ 

6 ‌Labor‌ ‌includes‌ ‌both‌ ‌paid‌ ‌labor‌ ‌as‌ ‌well‌ ‌as‌ ‌household‌ ‌labor.‌ ‌Following‌ ‌Deutschmann‌ ‌et‌ ‌al‌ ‌(2019),‌ ‌we‌‌ 
value‌ ‌household‌ ‌labor‌ ‌at‌ ‌50%‌ ‌of‌ ‌the‌ ‌prevailing‌ ‌labor‌ ‌rate.‌‌ ‌  
7 ‌The‌ ‌deposit‌ ‌interest‌ ‌rate‌ ‌was‌ ‌7.1%‌  ‌in‌ ‌Tanzania‌ ‌at‌ ‌the‌ ‌time‌ ‌of‌ ‌analysis‌ ‌according‌ ‌to‌ ‌data‌ ‌from‌ ‌the‌ ‌World‌‌ 
Bank.‌ ‌We‌ ‌obtained‌ ‌the‌ ‌real‌ ‌interest‌ ‌rate‌ ‌by‌ ‌subtracting‌ ‌inflation‌ ‌from‌ ‌the‌ ‌Tanzanian‌ ‌deposit‌ ‌interest‌ ‌rate.‌‌ 
At‌ ‌the‌ ‌time‌ ‌of‌ ‌analysis,‌ ‌the‌ ‌Tanzanian‌ ‌inflation‌ ‌rate‌ ‌was‌ ‌3.5%.‌ ‌We‌ ‌thus‌ ‌discounted‌ ‌the‌ ‌value‌ ‌of‌ ‌solar‌‌ 
lamps‌ ‌by‌ ‌3.6%‌ ‌per‌ ‌year.‌‌ ‌  
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Secondary‌ ‌outcomes‌ ‌ 
In‌ ‌addition‌ ‌to‌ ‌our‌ ‌primary‌ ‌outcomes,‌ ‌we‌ ‌assessed‌ ‌a‌ ‌number‌ ‌of‌ ‌other‌ ‌outcomes‌ ‌related‌ ‌to‌‌                             
consumption,‌ ‌asset‌ ‌ownership,‌ ‌children’s‌ ‌diets,‌ ‌and‌ ‌product‌ ‌utilization.‌ ‌While‌ ‌our‌ ‌primary‌‌                     
consumption‌ ‌outcome‌ ‌focuses‌ ‌on‌ ‌months‌ ‌9-11‌ ‌only,‌ ‌we‌ ‌also‌ ‌analyze‌ ‌consumption‌‌                     
month-by-month,‌ ‌as‌ ‌well‌ ‌as‌ ‌average‌ ‌monthly‌ ‌consumption‌ ‌over‌ ‌the‌ ‌course‌ ‌of‌ ‌a‌ ‌year.‌ ‌This‌‌                           
allows‌ ‌us‌ ‌to‌ ‌understand‌ ‌how‌ ‌the‌ ‌treatment‌ ‌effects‌ ‌changed‌ ‌over‌ ‌time.‌‌ ‌  
‌ 

We‌ ‌were‌ ‌also‌ ‌interested‌ ‌in‌ ‌capturing‌ ‌the‌ ‌HDF‌ ‌pilot’s‌ ‌impact‌ ‌on‌ ‌households’‌ ‌ownership‌ ‌of‌‌                           
durable‌ ‌assets.‌ ‌Our‌ ‌expectation‌ ‌was‌‌that‌‌treatment‌‌households’‌‌increased‌‌income‌‌might‌‌drive‌‌                       
households‌ ‌to‌ ‌invest‌ ‌some‌ ‌of‌ ‌their‌ ‌income‌ ‌by‌ ‌purchasing‌ ‌durable‌ ‌assets,‌ ‌such‌ ‌as‌ ‌vehicles,‌‌                           
household‌ ‌appliances‌ ‌and‌ ‌electronics,‌ ‌building‌ ‌materials,‌ ‌and‌ ‌farming‌ ‌equipment.‌‌ ‌  
‌ 

To‌ ‌explore‌ ‌health‌ ‌effects,‌ ‌we‌ ‌included‌ ‌as‌ ‌additional‌ ‌outcomes‌ ‌the‌ ‌proportion‌ ‌of‌ ‌children‌‌                         
between‌ ‌the‌‌ages‌‌of‌‌six‌‌and‌‌23‌‌months‌‌from‌‌each‌‌household‌‌that‌‌consumed‌‌minimum‌‌dietary‌‌                             
diversity‌‌and‌‌consumption‌‌of‌‌iron-rich‌‌food.‌‌We‌‌calculated‌‌these‌‌outcomes‌‌based‌‌on‌‌the‌‌World‌‌                           
Health‌ ‌Organization’s‌ ‌Indicators‌ ‌for‌ ‌assessing‌ ‌infant‌ ‌and‌ ‌young‌ ‌children‌ ‌feeding‌ ‌practices‌‌                     
definitions.‌‌We‌‌considered‌‌children‌‌to‌‌have‌‌achieved‌‌minimum‌‌dietary‌‌diversity‌‌if‌‌they‌‌received‌‌                         
foods‌ ‌from‌ ‌4‌ ‌or‌ ‌more‌ ‌food‌‌groups‌‌in‌‌the‌‌previous‌‌day.‌‌We‌‌measured‌‌consumption‌‌of‌‌iron-rich‌‌                               
foods‌ ‌based‌ ‌on‌ ‌whether‌ ‌they‌ ‌had‌ ‌received‌ ‌iron-rich‌ ‌foods‌ ‌during‌ ‌the‌ ‌previous‌ ‌day.‌ ‌For‌ ‌this‌‌                             
study,‌‌that‌‌was‌‌primarily‌‌done‌‌through‌‌looking‌‌at‌‌flesh‌‌foods‌‌(meat,‌‌fish,‌‌etc.)‌‌that‌‌children‌‌had‌‌                               
consumed‌8‌‌ ‌‌(World‌ ‌Health‌ ‌Organization‌ ‌(WHO)‌ ‌2008)‌.‌‌ ‌  
‌ 

Finally,‌ ‌we‌ ‌are‌ ‌interested‌ ‌in‌ ‌understanding‌ ‌the‌ ‌mechanisms‌ ‌through‌‌which‌‌treatment’s‌‌impact‌‌                       
may‌ ‌have‌ ‌taken‌ ‌place.‌ ‌We‌ ‌thus‌ ‌measured‌ ‌the‌ ‌extent‌ ‌to‌ ‌which‌‌households‌‌used‌‌the‌‌products‌‌                             
that‌ ‌were‌ ‌part‌ ‌of‌ ‌the‌ ‌HDF‌ ‌bundle‌ ‌as‌ ‌our‌ ‌intermediate‌ ‌outcomes.‌ ‌In‌ ‌terms‌ ‌of‌ ‌nets‌ ‌usage,‌ ‌we‌‌                                 
calculated‌‌the‌‌percentage‌‌of‌‌household‌‌members‌‌who‌‌slept‌‌under‌‌mosquito‌‌nets,‌‌as‌‌well‌‌as‌‌the‌‌                             
percentage‌ ‌of‌ ‌adults,‌ ‌children‌ ‌aged‌ ‌five‌ ‌to‌ ‌18,‌ ‌and‌ ‌children‌‌under‌‌the‌‌age‌‌of‌‌five‌‌who‌‌did‌‌the‌‌                                   
same.‌ ‌We‌ ‌gathered‌ ‌this‌ ‌data‌ ‌during‌ ‌the‌ ‌second‌ ‌round‌ ‌of‌ ‌our‌ ‌survey‌ ‌(March-May‌ ‌2020)‌ ‌as‌ ‌it‌‌                               
corresponded‌‌to‌‌Tanzania’s‌‌rainy‌‌season,‌‌during‌‌which‌‌the‌‌rates‌‌of‌‌infection‌‌due‌‌to‌‌mosquitoes‌‌                           
tend‌‌to‌‌increase‌‌‌(Msellemu‌‌et‌‌al.‌‌2020)‌.‌‌For‌‌nutrition,‌‌we‌‌looked‌‌at‌‌the‌‌quantity‌‌of‌‌CSB‌‌powder‌‌                                 
consumed‌ ‌by‌ ‌children‌ ‌aged‌ ‌two‌ ‌to‌ ‌five‌ ‌and‌ ‌by‌ ‌children‌ ‌under‌ ‌the‌ ‌age‌ ‌of‌‌two.‌‌In‌‌terms‌‌of‌‌the‌‌                                     
maize‌ ‌products‌ ‌distributed‌‌by‌‌1AF,‌‌we‌‌show‌‌results‌‌on‌‌a‌‌dummy‌‌for‌‌storing‌‌maize‌‌(e.g.,‌‌using‌‌                               
sealed‌‌harvest‌‌bags),‌‌and‌‌one‌‌for‌‌using‌‌fertilizer.‌‌In‌‌terms‌‌of‌‌the‌‌chickens‌‌distributed‌‌by‌‌1AF,‌‌we‌‌                                 
looked‌ ‌at‌ ‌the‌ ‌number‌ ‌of‌ ‌hybrid‌ ‌and‌ ‌local‌ ‌chickens‌ ‌owned‌ ‌by‌ ‌households‌ ‌9-11‌ ‌months‌ ‌after‌‌                             
distribution‌ ‌and‌ ‌the‌ ‌number‌ ‌of‌ ‌eggs‌ ‌produced‌ ‌by‌ ‌the‌ ‌farmers’‌ ‌flock‌ ‌over‌ ‌the‌ ‌year.‌ ‌For‌ ‌solar‌‌                               
lamps,‌‌we‌‌looked‌‌at‌‌the‌‌percentage‌‌of‌‌treatment‌‌households‌‌that‌‌used‌‌their‌‌lamps‌‌for‌‌charging‌‌                             
phones‌‌and/or‌‌for‌‌charging‌‌mobile‌‌phones.‌‌Finally,‌‌we‌‌calculated‌‌the‌‌number‌‌of‌‌tree‌‌seedlings‌‌                           
that‌ ‌had‌ ‌been‌ ‌planted‌ ‌by‌ ‌treatment‌ ‌farmers‌ ‌and‌ ‌the‌ ‌number‌ ‌of‌ ‌trees‌ ‌that‌ ‌survived‌ ‌the‌ ‌study‌‌                               
year.‌‌ ‌  

8 ‌We‌ ‌originally‌ ‌planned‌ ‌to‌ ‌measure‌ ‌the‌ ‌minimum‌ ‌acceptable‌ ‌diet‌ ‌as‌ ‌this‌ ‌is‌ ‌a‌ ‌more‌ ‌common‌ ‌measure‌ ‌of‌‌ 
assessing‌ ‌feeding‌ ‌practices.‌ ‌However,‌ ‌due‌ ‌to‌ ‌an‌ ‌error‌ ‌in‌ ‌data‌ ‌collection‌ ‌we‌ ‌were‌ ‌unable‌ ‌to‌ ‌determine‌‌ 
meal‌ ‌frequency‌ ‌which‌ ‌is‌ ‌a‌ ‌core‌ ‌component‌ ‌of‌ ‌minimum‌ ‌acceptable‌ ‌diet.‌ ‌We‌ ‌replaced‌ ‌this‌ ‌with‌ ‌two‌ ‌other‌‌ 
core‌ ‌indicators‌ ‌recommended‌ ‌by‌ ‌the‌ ‌WHO‌ ‌to‌ ‌access‌ ‌infant‌ ‌and‌ ‌young‌ ‌children‌ ‌feeding‌ ‌practices,‌‌ 
minimum‌ ‌dietary‌ ‌diversity‌ ‌and‌ ‌consumption‌ ‌of‌ ‌iron-rich‌ ‌foods.‌‌ ‌  
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Analytical‌ ‌Specifications‌ ‌ 
We‌ ‌estimated‌ ‌intent-to-treat‌ ‌effects,‌ ‌and‌ ‌measured‌ ‌the‌ ‌treatment‌ ‌effects‌ ‌for‌ ‌most‌ ‌outcomes,‌‌                       
both‌ ‌continuous‌ ‌and‌ ‌binary,‌ ‌using‌ ‌an‌ ‌OLS‌ ‌regression‌ ‌defined‌ ‌as‌ ‌follows:‌ ‌ 
‌ 

 ‌(Equation‌ ‌1)‌ ‌T XY i  = β0 + β1 i + β2 i + εi  
‌ 

With‌ ‌ as‌ ‌the‌ ‌outcome‌ ‌of‌ ‌interest‌ ‌for‌ ‌household‌ ‌ ,‌ ‌ is‌ ‌a‌ ‌constant,‌ ‌ is‌ ‌the‌ ‌estimated‌‌  Y i               i   β0       β1       
treatment‌ ‌effect‌ ‌of‌ ‌HDF‌ ‌compared‌ ‌to‌ ‌a‌ ‌control‌ ‌group,‌ ‌ ‌as‌ ‌a‌ ‌binary‌ ‌variable‌ ‌that‌ ‌indicates‌‌                  T i              
assignment‌‌to‌‌the‌‌treatment‌‌group,‌‌ ‌as‌‌a‌‌vector‌‌of‌‌coefficients‌‌for‌‌the‌‌included‌‌covariates,‌‌          β2                    X i
as‌ ‌a‌‌vector‌‌of‌‌controls,‌‌and‌‌ as‌‌a‌‌residual‌‌error‌‌term,‌‌assumed‌‌to‌‌be‌‌correlated‌‌at‌‌the‌‌village‌‌            εi                        
level‌9‌.‌‌ ‌  
‌ 

To‌ ‌measure‌ ‌the‌ ‌treatment‌ ‌effect‌ ‌for‌ ‌average‌ ‌monthly‌ ‌consumption,‌ ‌we‌ ‌used‌ ‌an‌ ‌ANCOVA‌‌                         
regression‌ ‌model,‌ ‌defined‌ ‌as‌ ‌follows:‌‌ ‌  
‌ 

 ‌(Equation‌ ‌2)‌ ‌T Y + XY i, t  = β0 + β1 i  + ∑
12

t=1
δt + Θ i, PRE  

β2 i + εi  

‌ 
With‌‌ as‌‌the‌‌consumption‌‌for‌‌household‌‌ ‌in‌‌month‌‌ ,‌‌ as‌‌a‌‌constant,‌‌ as‌‌the‌‌estimated‌‌  Y i, t           i       t   β0       β1       
treatment‌ ‌effect‌ ‌of‌ ‌HDF‌ ‌compared‌ ‌to‌ ‌a‌ ‌control‌ ‌group,‌ ‌ ‌as‌ ‌a‌ ‌binary‌ ‌variable‌ ‌that‌ ‌indicates‌‌                  T i              
assignment‌ ‌to‌ ‌the‌ ‌treatment‌ ‌group,‌ ‌ as‌ ‌the‌ ‌time‌ ‌dummies‌ ‌that‌ ‌capture‌ ‌the‌ ‌means‌ ‌for‌ ‌the‌‌          δt                    
control‌ ‌arm‌ ‌in‌ ‌each‌ ‌month,‌ ‌ as‌ ‌the‌ ‌coefficient‌ ‌for‌ ‌the‌ ‌baseline‌ ‌consumption‌ ‌control‌‌variable,‌          θ                

as‌ ‌the‌ ‌value‌ ‌of‌‌consumption‌‌for‌‌household‌‌ at‌‌baseline,‌ ‌as‌‌a‌‌vector‌‌of‌‌coefficients‌‌Y i, PRE                i     β2            
for‌‌the‌‌included‌‌covariates,‌‌ as‌‌a‌‌vector‌‌of‌‌controls,‌‌and‌‌ as‌‌a‌‌residual‌‌error‌‌term,‌‌assumed‌‌        X i             εi            
to‌ ‌be‌ ‌correlated‌ ‌at‌ ‌the‌ ‌village‌ ‌level‌10‌.‌‌ ‌  
‌ 

The‌ ‌vector‌ ‌of‌ ‌additional‌ ‌controls‌ ‌ ‌included‌ ‌household‌ ‌consumption‌ ‌at‌ ‌baseline,‌ ‌a‌ ‌binary‌‌          X i                
covariate‌ ‌for‌ ‌each‌ ‌district‌ ‌and‌ ‌a‌ ‌dummy‌ ‌for‌ ‌whether‌ ‌the‌ ‌household‌ ‌had‌ ‌children‌ ‌under‌ ‌two.‌11‌ ‌ 
‌ 

Households‌‌had‌‌to‌‌have‌‌a‌‌2-year-old‌‌to‌‌receive‌‌the‌‌CSB‌‌powder.‌‌We‌‌were‌‌not‌‌able‌‌to‌‌include‌‌                                 
covariates‌ ‌for‌ ‌whether‌ ‌farmers‌ ‌had‌ ‌the‌‌intention‌‌to‌‌farm‌‌maize‌‌(the‌‌condition‌‌for‌‌receiving‌‌the‌‌                             
HDF‌ ‌maize‌ ‌products),‌ ‌or‌ ‌for‌ ‌whether‌‌households‌‌already‌‌owned‌‌a‌‌solar‌‌lamp‌‌at‌‌baseline‌‌(the‌‌                             
condition‌‌for‌‌receiving‌‌an‌‌HDF‌‌solar‌‌lamp).‌‌This‌‌is‌‌because‌‌we‌‌did‌‌not‌‌directly‌‌ask‌‌questions‌‌on‌‌                                 

9 ‌This‌ ‌also‌ ‌corresponds‌ ‌to‌ ‌the‌ ‌‌kikundi‌‌ ‌level,‌ ‌since‌ ‌one‌ ‌‌kikundi‌ ‌‌was‌ ‌sampled‌ ‌per‌ ‌village‌ ‌ 
10 ‌This‌ ‌also‌ ‌corresponds‌ ‌to‌ ‌the‌ ‌‌kikundi‌‌ ‌level,‌ ‌since‌ ‌one‌ ‌‌kikundi‌ ‌‌was‌ ‌sampled‌ ‌per‌ ‌village‌ ‌ 
11 ‌Although‌ ‌we‌ ‌had‌ ‌pre-specified‌ ‌that‌ ‌we‌ ‌would‌ ‌control‌ ‌for‌ ‌households’‌ ‌eligibility‌ ‌to‌ ‌receive‌ ‌each‌ ‌of‌ ‌the‌‌ 
HDF‌ ‌bundle‌ ‌products,‌ ‌in‌ ‌practice‌ ‌we‌ ‌were‌ ‌only‌ ‌able‌ ‌to‌ ‌include‌ ‌the‌ ‌presence‌ ‌of‌ ‌a‌ ‌2-year-old‌ ‌as‌ ‌a‌‌ 
covariate.‌ ‌Ideally,‌ ‌we‌ ‌would‌ ‌have‌ ‌also‌ ‌included‌ ‌a‌ ‌dummy‌ ‌for‌ ‌households’‌ ‌intention‌ ‌to‌ ‌farm‌ ‌maize‌ ‌(the‌‌ 
condition‌ ‌for‌ ‌receiving‌ ‌the‌ ‌HDF‌ ‌maize‌ ‌products),‌ ‌and‌ ‌whether‌ ‌households‌ ‌already‌ ‌owned‌ ‌a‌ ‌solar‌ ‌lamp‌ ‌at‌‌ 
baseline‌ ‌(the‌ ‌condition‌ ‌for‌ ‌receiving‌ ‌an‌ ‌HDF‌ ‌solar‌ ‌lamp.)‌ ‌Unfortunately,‌ ‌due‌ ‌to‌ ‌an‌ ‌error‌ ‌in‌ ‌our‌ ‌data‌‌ 
collection‌ ‌procedures,‌ ‌we‌ ‌did‌ ‌not‌ ‌collect‌ ‌this‌ ‌data‌ ‌for‌ ‌control‌ ‌households‌ ‌and‌ ‌therefore‌ ‌cannot‌ ‌include‌‌ 
these‌ ‌covariates.‌‌ ‌  
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these‌ ‌aspects‌ ‌of‌ ‌farmers’‌ ‌lives‌ ‌during‌ ‌the‌ ‌survey‌ ‌and‌ ‌thus‌ ‌did‌ ‌not‌ ‌have‌ ‌data‌‌that‌‌was‌‌robust‌‌                                 
enough‌ ‌for‌ ‌the‌ ‌covariates‌ ‌to‌ ‌be‌ ‌included‌ ‌in‌ ‌our‌ ‌regressions.‌‌ ‌  
‌ 

We‌‌adjusted‌‌standard‌‌errors‌‌for‌‌clustering‌‌at‌‌the‌‌unit‌‌of‌‌randomization:‌‌the‌‌village.‌‌To‌‌decrease‌‌                             
the‌‌influence‌‌of‌‌outliers,‌‌we‌‌winsorized‌‌all‌‌continuous‌‌outcome‌‌variables‌‌at‌‌the‌‌1%‌‌upper‌‌tail.‌‌As‌‌                               
mentioned‌‌in‌‌our‌‌pre-analysis‌‌plan,‌‌to‌‌improve‌‌power‌‌we‌‌excluded‌‌from‌‌the‌‌analysis‌‌the‌‌top‌‌5%‌‌                               
of‌ ‌households‌ ‌in‌ ‌terms‌ ‌of‌ ‌baseline‌ ‌consumption.‌ ‌ ‌   

4.‌ ‌Results‌‌ ‌  

Sample‌ ‌characteristics‌ 
Table‌ ‌2‌ ‌provides‌ ‌details‌ ‌of‌ ‌the‌ ‌characteristics‌ ‌of‌ ‌the‌‌sampled‌‌population,‌‌as‌‌measured‌‌before‌‌                           
the‌ ‌start‌ ‌of‌ ‌this‌ ‌study.‌ ‌On‌‌average,‌‌households‌‌were‌‌made‌‌up‌‌of‌‌5.90‌‌members.‌‌The‌‌average‌‌                               
household‌ ‌had‌ ‌0.90‌ ‌children‌ ‌under‌ ‌five‌ ‌amongst‌ ‌its‌ ‌members‌ ‌and‌ ‌0.32‌ ‌children‌ ‌under‌ ‌two.‌‌                           
These‌‌household‌‌members‌‌consumed‌‌goods‌‌worth‌‌$161.40‌‌per‌‌month‌‌during‌‌baseline‌‌months,‌‌                       
with‌ ‌$126.60‌ ‌being‌ ‌spent‌ ‌on‌ ‌non-durable‌ ‌goods‌ ‌(including‌ ‌$72.50‌ ‌on‌ ‌food‌‌items)‌‌and‌‌$34.80‌‌                           
being‌ ‌spent‌ ‌on‌ ‌durable‌ ‌goods.‌ ‌This‌ ‌is‌ ‌equivalent‌ ‌to‌ ‌a‌ ‌monthly‌ ‌consumption‌ ‌of‌ ‌$27.36‌ ‌per‌‌                             
household‌ ‌member,‌ ‌or‌ ‌just‌ ‌under‌ ‌$1‌ ‌per‌ ‌household‌ ‌member‌ ‌per‌ ‌day.‌ ‌There‌ ‌is‌ ‌no‌ ‌significant‌‌                             
correlation‌ ‌between‌ ‌treatment‌ ‌status‌ ‌and‌ ‌any‌ ‌baseline‌ ‌characteristic.‌ ‌ 
‌ 

Our‌ ‌baseline‌ ‌sample‌ ‌consisted‌ ‌of‌ ‌1,916‌ ‌households‌ ‌(33%‌ ‌treatment,‌ ‌67%‌ ‌control).‌ ‌As‌‌                       
highlighted‌ ‌in‌ ‌Table‌ ‌8‌ ‌through‌ ‌our‌ ‌four‌ ‌rounds‌ ‌of‌ ‌follow-up‌ ‌there‌ ‌was‌ ‌limited‌ ‌attrition,‌ ‌with‌‌                             
response‌ ‌rates‌ ‌per‌ ‌round‌ ‌ranging‌ ‌from‌ ‌95-98%.‌ ‌1,764‌ ‌households‌ ‌(33%‌ ‌treatment,‌ ‌67%‌‌                       
control)‌‌completed‌‌all‌‌four‌‌rounds,‌‌which‌‌is‌‌equivalent‌‌to‌‌92.10%‌‌of‌‌the‌‌original‌‌sample.‌‌In‌‌our‌‌                               
pre-analysis‌‌plan,‌‌we‌‌specified‌‌that‌‌if‌‌attrition‌‌did‌‌not‌‌exceed‌‌10.00%‌‌and‌‌was‌‌uncorrelated‌‌with‌‌                             
treatment,‌ ‌we‌ ‌would‌ ‌use‌ ‌the‌ ‌non-attrited‌ ‌sample‌ ‌in‌ ‌the‌ ‌final‌ ‌analysis.‌ ‌Given‌‌that‌‌attrition‌‌was‌‌                             
low‌ ‌at‌ ‌only‌ ‌7.90%‌ ‌and‌ ‌uncorrelated‌ ‌with‌ ‌treatment,‌ ‌we‌ ‌carried‌ ‌out‌ ‌all‌ ‌analyses‌ ‌using‌ ‌the‌‌                             
non-attrited‌ ‌“complete‌ ‌case”‌ ‌sample.‌ ‌We‌ ‌show‌ ‌attrition‌ ‌statistics‌ ‌in‌ ‌Appendix‌ ‌Table‌ ‌1.‌‌ ‌  

Direct‌ ‌income‌ ‌gains‌ ‌ 
Table‌ ‌4‌ ‌presents‌ ‌regression‌ ‌estimates‌‌for‌‌the‌‌treatment‌‌effect‌‌on‌‌income‌‌derived‌‌directly‌‌from‌‌                           
products‌‌in‌‌the‌‌HDF‌‌bundle‌‌(net‌‌Direct‌‌Income‌‌Gains,‌‌DIG),‌‌following‌‌Equation‌‌1.‌‌Participation‌‌                           
in‌‌the‌‌HDF‌‌pilot‌‌caused‌‌a‌‌significant‌‌(p<.01)‌ ‌increase‌‌in‌‌DIG‌‌by‌‌$144‌‌(from‌‌a‌‌base‌‌of‌‌$72‌‌in‌‌the‌‌                                       
control‌ ‌group).‌ ‌ 
‌ 

As‌‌shown‌‌in‌‌Figure‌‌1,‌‌the‌‌majority‌‌(84%)‌‌of‌‌the‌‌DIG‌‌treatment‌‌effect‌‌came‌‌from‌‌an‌‌increase‌‌in‌‌                                   
maize‌ ‌profits.‌ ‌Participation‌ ‌in‌‌the‌‌HDF‌‌pilot‌‌meant‌‌that‌‌treatment‌‌households‌‌saw‌‌a‌‌significant‌‌                           
(p<.01)‌‌$122‌‌increase‌‌in‌‌their‌‌maize‌‌harvest‌‌profits,‌‌from‌‌$46‌‌to‌‌$167.‌‌The‌‌majority‌‌of‌‌the‌‌maize‌‌                                 
treatment‌ ‌effect‌ ‌is‌ ‌explained‌ ‌by‌ ‌the‌ ‌fact‌ ‌that‌ ‌treatment‌ ‌households‌ ‌experienced‌ ‌a‌ ‌$131.50‌‌                         
increase‌ ‌in‌ ‌the‌ ‌income‌ ‌they‌ ‌gained‌ ‌from‌ ‌maize‌ ‌compared‌ ‌to‌ ‌control‌ ‌households,‌ ‌while‌ ‌there‌‌                           
was‌ ‌little‌ ‌change‌ ‌in‌ ‌maize‌ ‌expenses.‌ ‌  
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‌ 
Participation‌‌in‌‌the‌‌HDF‌‌pilot‌‌also‌‌had‌‌a‌‌significant‌‌(p<.01)‌‌positive‌‌effect‌‌on‌‌net‌‌income‌‌related‌                               
to‌‌energy,‌‌rising‌‌from‌‌$-21.70‌‌to‌‌-$5.30.‌‌The‌‌negative‌‌numbers‌‌reflect‌‌the‌‌fact‌‌that‌‌households‌‌                             
spent‌‌more‌‌on‌‌energy‌‌than‌‌they‌‌received‌‌in‌‌income‌‌(for‌‌instance,‌‌from‌‌charging‌‌other‌‌peoples’‌‌                             
phones.)‌ ‌Our‌ ‌headline‌ ‌results‌ ‌from‌ ‌energy‌ ‌includes‌ ‌energy‌ ‌savings‌ ‌from‌ ‌the‌ ‌first‌ ‌year‌ ‌of‌ ‌the‌‌                             
study,‌ ‌as‌ ‌well‌ ‌as‌ ‌the‌ ‌estimated‌ ‌flow‌ ‌of‌ ‌future‌ ‌energy‌ ‌savings‌ ‌over‌ ‌the‌ ‌lifetime‌ ‌of‌ ‌the‌ ‌lamp‌‌                                 
provided‌‌as‌‌part‌‌of‌‌HDF.‌12‌ ‌The‌‌treatment‌‌effect‌‌of‌‌$16.40‌‌is‌‌composed‌‌of‌‌a‌‌$5.80‌‌increase‌‌in‌‌net‌‌                                   
energy‌‌income‌‌over‌‌the‌‌course‌‌of‌‌the‌‌first‌‌year,‌‌and‌‌an‌‌estimated‌‌$10.60‌‌in‌‌expected‌‌future‌‌flow‌‌                                 
of‌ ‌income‌ ‌in‌ ‌future‌ ‌years‌ ‌for‌ ‌lamp-owning‌ ‌households.‌ ‌Energy‌ ‌savings‌ ‌overall‌ ‌accounts‌ ‌for‌‌                         
11.3%‌ ‌of‌ ‌the‌ ‌total‌ ‌DIG‌ ‌gains.‌‌ ‌  
‌ 

The‌ ‌profits‌ ‌households‌ ‌derived‌ ‌from‌ ‌their‌ ‌chicken‌ ‌flock‌ ‌increased‌ ‌by‌ ‌$7.80‌ ‌from‌ ‌$46.80‌ ‌to‌‌                           
$54.60,‌‌although‌‌this‌‌increase‌‌was‌‌only‌‌significant‌‌at‌‌the‌‌90%‌‌level‌‌(p-value:‌‌0.053).‌‌This‌‌$7.80‌‌                             
difference‌ ‌accounts‌ ‌for‌ ‌5.41%‌ ‌of‌ ‌the‌ ‌overall‌ ‌DIG‌ ‌treatment‌ ‌effect.‌ ‌Profits‌ ‌from‌ ‌chickens‌ ‌are‌‌                           
composed‌ ‌of‌ ‌the‌ ‌first-year‌‌net‌‌revenue‌‌from‌‌chickens,‌‌plus‌‌the‌‌value‌‌of‌‌chickens‌‌9-11‌‌months‌‌                             
after‌ ‌distribution.‌ ‌Treatment‌ ‌households‌ ‌actually‌ ‌had‌ ‌first‌ ‌year‌ ‌chicken-profits‌ ‌that‌ ‌were‌ ‌$7.6‌‌                       
lower‌ ‌than‌ ‌treatment‌ ‌households.‌ ‌This‌ ‌negative‌ ‌effect‌ ‌is‌ ‌driven‌ ‌by‌ ‌treatment‌ ‌households‌‌                       
spending‌‌much‌‌more‌‌($36.90)‌‌on‌‌feed‌‌than‌‌control‌‌households.‌‌Although‌‌treatment‌‌households‌‌                       
also‌‌earned‌‌$28.80‌‌more‌‌income‌‌from‌‌chickens‌‌than‌‌control‌‌(primarily‌‌through‌‌the‌‌production‌‌of‌‌                           
eggs,‌‌rather‌‌than‌‌sale‌‌or‌‌consumption‌‌of‌‌chickens),‌‌these‌‌gains‌‌were‌‌not‌‌enough‌‌to‌‌offset‌‌their‌‌                               
higher‌‌expenses‌‌.‌‌This‌‌is‌‌a‌‌surprising‌‌result,‌‌as‌‌the‌‌hybrid‌‌chickens‌‌theoretically‌‌do‌‌not‌‌need‌‌to‌                                 
be‌ ‌given‌ ‌purchased‌ ‌feed,‌ ‌and‌ ‌households‌‌were‌‌instructed‌‌by‌‌One‌‌Acre‌‌Fund‌‌not‌‌to‌‌purchase‌‌                             
feed.‌‌ ‌  
‌ 

Despite‌ ‌having‌ ‌lower‌ ‌chicken‌ ‌profits‌ ‌in‌ ‌the‌ ‌first‌ ‌year,‌ ‌treatment‌ ‌households‌ ‌did‌ ‌have‌ ‌a‌ ‌larger‌‌                             
flock‌‌of‌‌chickens‌‌9-11‌‌months‌‌after‌‌distribution,‌‌and‌‌we‌‌estimate‌‌the‌‌value‌‌of‌‌their‌‌flock‌‌at‌‌$15.2‌‌                                 
higher‌ ‌than‌ ‌that‌ ‌in‌‌control.‌‌This‌‌results‌‌in‌‌a‌‌total‌‌increase‌‌in‌‌chicken‌‌profits,‌‌despite‌‌the‌‌hybrid‌‌                                 
chickens‌ ‌not‌ ‌being‌ ‌profitable‌ ‌in‌ ‌the‌ ‌first‌ ‌year‌ ‌of‌ ‌ownership.‌ ‌ 
‌ 

The‌ ‌DIG‌ ‌treatment‌ ‌effects‌ ‌reported‌ ‌here‌‌are‌‌for‌‌a‌‌trimmed‌‌sample‌‌in‌‌which‌‌farmers‌‌in‌‌the‌‌top‌‌                                 
5%‌ ‌of‌ ‌baseline‌ ‌consumption‌ ‌were‌ ‌dropped‌ ‌to‌ ‌improve‌ ‌statistical‌ ‌power,‌ ‌as‌ ‌specified‌ ‌in‌ ‌the‌‌                           
pre-analysis‌ ‌plan.‌ ‌Table‌ ‌8‌ ‌shows‌‌the‌‌same‌‌analysis‌‌conducted‌‌on‌‌the‌‌full‌‌sample,‌‌without‌‌this‌‌                             
trimming.‌ ‌We‌ ‌find‌ ‌very‌ ‌similar‌ ‌results‌ ‌to‌ ‌the‌ ‌trimmed‌ ‌analysis,‌ ‌with‌ ‌no‌ ‌change‌ ‌in‌ ‌statistical‌‌                             
significance‌‌levels‌‌and‌‌only‌‌modest‌‌changes‌‌in‌‌the‌‌point‌‌estimate‌‌of‌‌treatment‌‌effects‌‌on‌‌overall‌‌                             
DIG‌ ‌and‌ ‌on‌ ‌product-specific‌ ‌DIG.‌ ‌ 

12 ‌As‌ ‌mentioned‌ ‌in‌ ‌the‌ ‌methodology‌ ‌section,‌ ‌we‌ ‌measure‌ ‌the‌ ‌future‌ ‌flow‌ ‌of‌ ‌income‌ ‌of‌ ‌the‌ ‌lamps‌‌ 
distributed‌ ‌by‌ ‌HDF‌ ‌by‌ ‌first‌ ‌calculating‌ ‌the‌ ‌treatment-on-the‌ ‌treated‌ ‌impact‌ ‌of‌ ‌HDF‌ ‌on‌ ‌energy‌ ‌profits‌ ‌the‌‌ 
first‌ ‌year,‌ ‌and‌ ‌then‌ ‌projecting‌ ‌out‌ ‌the‌ ‌discounted‌ ‌flow‌ ‌of‌ ‌these‌ ‌profits‌ ‌over‌ ‌the‌ ‌next‌ ‌four‌ ‌years.‌ ‌These‌‌ 
future‌ ‌profits‌ ‌are‌ ‌assigned‌ ‌to‌ ‌households‌ ‌who‌ ‌report‌ ‌still‌ ‌having‌ ‌working‌ ‌solar‌ ‌lamps‌ ‌from‌ ‌HDF‌ ‌9-11‌‌ 
months‌ ‌after‌ ‌distribution.‌‌ ‌  
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Consumption‌ ‌ 
While‌‌the‌‌Direct‌‌Income‌‌Gains‌‌outlined‌‌in‌‌the‌‌previous‌‌section‌‌show‌‌the‌‌first-order‌‌impact‌‌of‌‌the‌‌                               
HDF‌ ‌products,‌ ‌they‌ ‌do‌ ‌not‌ ‌necessarily‌ ‌give‌ ‌a‌ ‌clear‌ ‌indication‌ ‌of‌ ‌the‌ ‌impact‌ ‌of‌ ‌HDF‌ ‌on‌‌                               
household‌‌welfare.‌‌Although‌‌maize‌‌profits‌‌increased‌‌significantly,‌‌we‌‌do‌‌not‌‌know‌‌if‌‌households‌‌                         
were‌ ‌substituting‌ ‌away‌ ‌from‌ ‌other‌ ‌income-generating‌‌activities.‌‌To‌‌explore‌‌welfare,‌‌we‌‌look‌‌at‌‌                         
the‌ ‌results‌ ‌on‌ ‌household‌ ‌consumption‌ ‌and‌ ‌assets.‌ ‌We‌‌first‌‌look‌‌at‌‌the‌‌results‌‌of‌‌consumption‌‌                             
and‌ ‌assets‌ ‌9-11‌ ‌months‌ ‌after‌ ‌distribution,‌ ‌and‌ ‌next‌ ‌present‌ ‌the‌ ‌results‌ ‌from‌ ‌the‌ ‌monthly‌‌                           
consumption‌ ‌surveys.‌ ‌ ‌   
‌ 

Table‌ ‌5‌ ‌presents‌ ‌regression‌ ‌estimates‌ ‌for‌ ‌the‌ ‌average‌ ‌treatment‌ ‌effect‌ ‌for‌ ‌one-month‌‌                       
non-durable‌ ‌consumption‌ ‌9-11‌ ‌months‌ ‌after‌ ‌distribution.‌ ‌(Non-durable‌ ‌consumption‌ ‌is‌ ‌the‌‌                   
second‌ ‌pre-specified‌ ‌primary‌ ‌outcome‌ ‌of‌ ‌this‌‌study.)‌‌Receiving‌‌the‌‌HDF‌‌bundle‌‌increased‌‌the‌‌                         
amount‌ ‌of‌ ‌non-durable‌ ‌goods‌ ‌consumed‌‌by‌‌treatment‌‌households‌‌for‌‌one‌‌month‌‌9-11‌‌months‌‌                         
after‌ ‌distribution‌ ‌by‌ ‌$10.20,‌ ‌relative‌ ‌to‌ ‌control‌ ‌households‌ ‌who‌ ‌consumed‌ ‌$89.00.‌ ‌(p<.01)‌ ‌.‌‌                         
Following‌ ‌the‌ ‌pre-analysis‌ ‌plan,‌ ‌the‌ ‌sample‌‌was‌‌trimmed‌‌of‌‌farmers‌‌in‌‌the‌‌top‌‌5%‌‌of‌‌baseline‌‌                               
consumption.‌ ‌The‌ ‌9-11‌ ‌month‌ ‌consumption‌ ‌treatment‌ ‌effects‌ ‌of‌ ‌a‌ ‌full,‌ ‌untrimmed‌ ‌sample‌ ‌are‌‌                         
shown‌ ‌in‌ ‌Appendix‌ ‌Table‌‌4,‌‌which‌‌finds‌‌no‌‌change‌‌in‌‌significance‌‌levels‌‌between‌‌the‌‌trimmed‌‌                             
and‌ ‌untrimmed‌ ‌analyses‌ ‌and‌ ‌only‌ ‌modest‌ ‌changes‌ ‌in‌ ‌point‌ ‌estimates‌ ‌of‌ ‌treatment‌ ‌effects.‌ ‌ 
‌ 

The‌ ‌above‌ ‌treatment‌ ‌effect‌ ‌was‌ ‌greater‌ ‌for‌ ‌the‌ ‌poorest‌ ‌and‌ ‌richest‌ ‌households,‌ ‌as‌‌ranked‌‌in‌‌                             
terms‌‌of‌‌their‌‌total‌‌consumption‌‌at‌‌baseline.‌‌The‌‌lowest‌‌quartile‌‌saw‌‌treatment‌‌effects‌‌of‌‌$17.70,‌‌                             
while‌‌the‌‌highest‌‌quartile‌‌saw‌‌treatment‌‌effects‌‌of‌‌$16.5,‌‌while‌‌the‌‌two‌‌middle‌‌quartiles‌‌saw‌‌low‌‌                               
and‌ ‌insignificant‌‌treatment‌‌effects.‌‌This‌‌differential‌‌treatment‌‌effect‌‌by‌‌baseline‌‌consumption‌‌is‌‌                       
somewhat‌ ‌perplexing‌ ‌(especially‌ ‌given‌ ‌its‌ ‌nonlinearity),‌ ‌and‌ ‌we‌ ‌do‌ ‌not‌‌have‌‌a‌‌good‌‌theory‌‌to‌‌                             
explain‌ ‌this‌ ‌pattern.‌ ‌Given‌ ‌the‌ ‌smaller‌ ‌size‌ ‌of‌‌the‌‌quartiles‌‌and‌‌the‌‌fact‌‌that‌‌the‌‌differences‌‌in‌‌                                 
impact‌ ‌by‌ ‌quartile‌ ‌were‌ ‌not‌ ‌statistically‌ ‌significant,‌ ‌it‌ ‌is‌ ‌possible‌ ‌that‌ ‌these‌ ‌differences‌ ‌simply‌‌                           
occurred‌ ‌by‌ ‌chance.‌‌ ‌  
‌ 

The‌ ‌HDF‌ ‌intervention‌ ‌did‌ ‌not‌ ‌have‌ ‌a‌ ‌significant‌ ‌impact‌ ‌on‌ ‌the‌ ‌value‌ ‌of‌ ‌households’‌ ‌stock‌ ‌of‌‌                               
assets‌ ‌9-11‌ ‌months‌ ‌after‌ ‌distribution.‌ ‌If‌ ‌we‌ ‌concentrate‌ ‌just‌ ‌on‌ ‌assets‌ ‌directly‌‌related‌‌to‌‌HDF‌‌                             
(solar‌ ‌lamp,‌‌chickens,‌‌bednets),‌‌we‌‌do‌‌see‌‌that‌‌households‌‌had‌‌higher‌‌values‌‌of‌‌these‌‌assets‌‌                             
(by‌‌$17.90),‌‌showing‌‌that‌‌households‌‌did‌‌continue‌‌to‌‌own‌‌the‌‌distributed‌‌assets.‌‌However,‌‌this‌‌                           
increase‌ ‌in‌ ‌assets‌ ‌was‌ ‌small‌ ‌compared‌ ‌to‌ ‌the‌ ‌total‌ ‌value‌ ‌of‌ ‌assets‌ ‌owned‌ ‌by‌ ‌households‌‌                             
($2131‌‌in‌‌control)‌‌and‌‌so‌‌did‌‌not‌‌result‌‌in‌‌a‌‌statistically‌‌significant‌‌increase‌‌in‌‌total‌‌asset‌‌value.‌‌It‌‌                                   
is‌ ‌also‌ ‌possible‌ ‌that‌ ‌farmers‌ ‌who‌ ‌acquired‌ ‌HDF-related‌ ‌assets‌ ‌substituted‌ ‌these‌ ‌assets‌ ‌for‌‌                         
others-‌‌for‌‌example,‌‌farmers‌‌may‌‌have‌‌chosen‌‌to‌‌purchase‌‌fewer‌‌goats‌‌because‌‌of‌‌their‌‌larger‌‌                             
chicken‌ ‌flocks.‌ ‌ 
‌ 

Turning‌ ‌now‌ ‌to‌ ‌the‌ ‌monthly‌ ‌consumption‌ ‌results,‌ ‌Figure‌ ‌2‌ ‌graphically‌ ‌presents‌ ‌the‌ ‌treatment‌‌                         
effects‌ ‌on‌ ‌household‌ ‌consumption‌‌month-by-month.‌‌(Regressions‌‌related‌‌to‌‌this‌‌graph‌‌can‌‌be‌‌                       
found‌ ‌in‌ ‌Appendix‌ ‌Table‌ ‌2)‌ ‌As‌ ‌we‌ ‌only‌ ‌surveyed‌ ‌a‌ ‌third‌ ‌of‌ ‌our‌‌sample‌‌each‌‌month,‌‌the‌‌error‌‌                                   
bars‌‌are‌‌large‌‌and‌‌the‌‌monthly‌‌results‌‌should‌‌be‌‌interpreted‌‌with‌‌caution.‌‌That‌‌being‌‌said,‌‌some‌‌                               
interesting‌ ‌patterns‌ ‌do‌ ‌emerge.‌‌ ‌  
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‌ 
Somewhat‌‌perplexingly,‌‌we‌‌find‌‌that‌‌treatment‌‌households‌‌had‌‌lower‌‌consumption‌‌than‌‌control‌‌                       
in‌‌December‌‌2019‌‌(the‌‌first‌‌month‌‌after‌‌the‌‌bundle‌‌was‌‌distributed)‌‌and‌‌higher‌‌consumption‌‌in‌‌                             
January‌‌2020‌‌(the‌‌second‌‌month‌‌after‌‌the‌‌bundle‌‌was‌‌distributed.)‌‌It‌‌is‌‌possible‌‌that‌‌treatment‌‌                             
households’‌ ‌lower‌ ‌consumption‌ ‌in‌ ‌December‌ ‌levels‌ ‌were‌ ‌been‌ ‌caused‌ ‌by‌ ‌the‌ ‌fact‌ ‌that‌ ‌they‌‌                           
were‌ ‌saving‌ ‌up‌ ‌for‌ ‌the‌ ‌expenses‌ ‌they‌ ‌were‌ ‌expecting‌ ‌to‌ ‌incur‌ ‌as‌ ‌a‌‌consequence‌‌of‌‌the‌‌HDF‌‌                                 
bundle‌ ‌(for‌ ‌example‌ ‌in‌ ‌relation‌ ‌to‌ ‌feeding‌ ‌and‌ ‌housing‌ ‌their‌ ‌chickens)‌ ‌In‌ ‌January,‌ ‌treatment‌‌                           
households‌‌may‌‌have‌‌consumed‌‌more‌‌than‌‌control‌‌households‌‌since‌‌the‌‌products‌‌in‌‌the‌‌bundle‌‌                           
may‌‌have‌‌replaced‌‌some‌‌of‌‌the‌‌expenses‌‌(for‌‌example‌‌on‌‌fertilizer‌‌and‌‌seeds)‌‌they‌‌would‌‌have‌‌                               
had‌ ‌to‌ ‌incur‌ ‌without‌ ‌them.‌ ‌This‌ ‌may‌ ‌have‌ ‌freed‌ ‌up‌ ‌income‌ ‌which‌ ‌households‌ ‌then‌ ‌spent‌ ‌on‌‌                               
consumption.‌ ‌These‌ ‌explanations‌ ‌are‌ ‌speculative,‌ ‌and‌ ‌we‌ ‌note‌ ‌that‌ ‌they‌ ‌are‌ ‌somewhat‌‌                       
contradictory.‌ ‌ 
‌ 

After‌ ‌January,‌ ‌the‌ ‌results‌ ‌become‌ ‌more‌ ‌predictable.‌ ‌There‌ ‌were‌ ‌no‌ ‌impacts‌ ‌of‌ ‌consumption‌‌                         
from‌‌Feb-June.‌‌During‌‌this‌‌time‌‌households‌‌were‌‌experiencing‌‌some‌‌energy‌‌savings,‌‌but‌‌were‌‌                         
also‌ ‌experiencing‌ ‌net‌ ‌negative‌ ‌revenue‌ ‌from‌‌chickens,‌‌as‌‌they‌‌were‌‌spending‌‌money‌‌on‌‌feed‌‌                           
but‌ ‌the‌ ‌chickens‌ ‌were‌ ‌not‌ ‌yet‌ ‌producing.‌ ‌From‌ ‌June-October,‌ ‌treatment‌ ‌households‌ ‌have‌‌                       
higher‌ ‌consumption,‌ ‌likely‌ ‌reflecting‌ ‌anticipated‌ ‌and‌ ‌then‌ ‌realized‌ ‌increased‌ ‌income‌ ‌from‌ ‌the‌‌                       
maize‌‌harvest‌‌(which‌‌mostly‌‌took‌‌place‌‌in‌‌July‌‌and‌‌August).‌‌By‌‌November‌‌(the‌‌last‌‌month‌‌of‌‌the‌‌                                 
survey),‌ ‌treatment‌ ‌effects‌ ‌on‌ ‌consumption‌ ‌have‌ ‌decreased.‌‌ ‌  
‌ 

Averaging‌ ‌across‌ ‌all‌ ‌months,‌ ‌treatment‌‌households‌‌consumed‌‌$7.50‌‌more‌‌per‌‌month,‌‌a‌‌6.1%‌‌                         
increase‌‌over‌‌control‌‌households.‌‌77%‌‌($5.80)‌‌of‌‌this‌‌treatment‌‌effect‌‌is‌‌explained‌‌by‌‌changes‌‌                           
in‌ ‌the‌ ‌amount‌ ‌of‌ ‌non-durable‌ ‌goods‌ ‌consumed‌ ‌by‌ ‌households‌ ‌each‌ ‌month,‌ ‌with‌ ‌the‌ ‌rest‌‌                           
explained‌ ‌by‌ ‌purchases‌ ‌of‌ ‌durable‌ ‌goods.‌ ‌Over‌ ‌the‌ ‌course‌ ‌of‌ ‌12‌ ‌months,‌ ‌this‌ ‌means‌ ‌that‌‌                             
treatment‌ ‌households‌ ‌increased‌ ‌their‌ ‌consumption‌ ‌by‌ ‌around‌ ‌$90‌ ‌compared‌ ‌to‌ ‌control‌13‌.‌‌ ‌  

Utilization‌ ‌of‌ ‌income-generating‌ ‌products‌‌ ‌  
Table‌‌6‌‌highlights‌‌the‌‌effect‌‌that‌‌treatment‌‌had‌‌on‌‌intermediary‌‌outcomes,‌‌as‌‌well‌‌as‌‌utilization‌‌                             
of‌ ‌products‌ ‌that‌ ‌were‌ ‌part‌ ‌of‌ ‌the‌ ‌HDF‌ ‌bundle.‌‌ ‌  
‌ 

Despite‌ ‌their‌ ‌larger‌ ‌harvests,‌ ‌treatment‌ ‌farmers‌ ‌were‌ ‌not‌ ‌significantly‌ ‌more‌ ‌likely‌ ‌to‌ ‌use‌‌                         
fertilizer,‌‌measured‌‌by‌‌a‌‌dummy‌‌of‌‌fertilizer‌‌use.‌‌It‌‌is‌‌possible‌‌that‌‌treatment‌‌farmers‌‌used‌‌‌more‌‌                               
fertilizer‌ ‌than‌ ‌control‌ ‌farmers,‌ ‌but‌ ‌we‌ ‌did‌ ‌not‌ ‌explicitly‌ ‌measure‌ ‌the‌ ‌volume‌ ‌of‌ ‌fertilizer‌ ‌used.‌‌                             
explicitly.‌ ‌ 
‌ 

Treatment‌‌farmers‌‌were‌‌15.3‌‌percentage‌‌points‌‌more‌‌likely‌‌than‌‌control‌‌farmers‌‌to‌‌store‌‌at‌‌least‌‌                             
some‌‌of‌‌their‌‌maize‌‌harvest‌‌(85.3%‌‌in‌‌treatment‌‌vs‌‌70%‌‌in‌‌control).‌‌This‌‌likely‌‌reflects‌‌both‌‌the‌‌                                 
larger‌ ‌harvest‌ ‌amounts‌ ‌in‌ ‌the‌ ‌treatment‌ ‌group,‌ ‌as‌ ‌well‌ ‌as‌ ‌improved‌ ‌access‌ ‌to‌ ‌storage‌‌                           
technology‌‌(sealed‌‌harvest‌‌bags).‌ ‌Treatment‌‌farmers‌‌stored‌‌29%‌‌of‌‌their‌‌harvest‌‌in‌‌the‌‌sealed‌‌                           

13 ‌The‌ ‌$54‌ ‌difference‌ ‌between‌ ‌the‌ ‌estimated‌ ‌increase‌ ‌in‌ ‌DIG‌ ‌($144)‌ ‌and‌ ‌the‌ ‌estimated‌ ‌increase‌ ‌in‌ ‌total‌‌ 
one-year‌ ‌consumption‌ ‌($90)‌ ‌may‌ ‌constitute‌ ‌savings,‌ ‌measurement‌ ‌error‌ ‌from‌ ‌our‌ ‌consumption‌ ‌survey,‌ ‌or‌‌ 
reduced‌ ‌income‌ ‌from‌ ‌sources‌ ‌not‌ ‌included‌ ‌within‌ ‌DIG.‌ ‌ 
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bags‌‌provided‌‌by‌‌1AF,‌‌which‌‌will‌‌likely‌‌help‌‌prevent‌‌maize‌‌loss‌‌to‌‌pests‌‌and‌‌allow‌‌farmers‌‌to‌‌sell‌‌                                   
some‌ ‌maize‌ ‌later‌ ‌in‌ ‌the‌ ‌year‌ ‌once‌ ‌market‌ ‌prices‌ ‌have‌ ‌increased‌ ‌‌(Baributsa‌ ‌and‌ ‌Njoroge‌ ‌2020)‌.‌‌ ‌  
‌ 

9-11‌‌months‌‌after‌‌distribution,‌‌treatment‌‌farmers‌‌had‌‌a‌‌larger‌‌number‌‌of‌‌hybrid‌‌chickens‌‌in‌‌their‌‌                             
flock‌ ‌compared‌ ‌to‌ ‌control‌ ‌farmers.‌ ‌Treatment‌ ‌farmers‌ ‌owned‌ ‌an‌ ‌average‌ ‌of‌ ‌2.6‌ ‌hybrid‌ ‌adult‌‌                           
chickens‌ ‌while‌ ‌control‌ ‌households‌ ‌did‌ ‌not‌ ‌own‌ ‌any.‌ ‌Considering‌ ‌that‌ ‌10‌ ‌hybrid‌ ‌chicks‌ ‌were‌‌                           
originally‌ ‌distributed‌ ‌to‌ ‌treatment‌ ‌households,‌ ‌this‌ ‌implies‌‌that‌‌an‌‌average‌‌of‌‌7.4‌‌chickens‌‌per‌‌                           
household‌ ‌were‌ ‌eaten,‌ ‌sold‌ ‌or‌ ‌died‌ ‌over‌ ‌the‌ ‌course‌ ‌of‌ ‌the‌ ‌study.‌ ‌Belonging‌ ‌to‌ ‌the‌ ‌treatment‌‌                               
group‌‌did‌‌not‌‌significantly‌‌influence‌‌the‌‌number‌‌of‌‌local‌‌adult‌‌chickens‌‌farmers‌‌owned,‌‌with‌‌both‌‌                             
control‌ ‌and‌ ‌treatment‌ ‌farmers‌ ‌owning‌ ‌3.6‌ ‌chickens‌ ‌on‌ ‌average.‌ ‌This‌ ‌means‌ ‌that‌ ‌treatment‌‌                         
farmers‌ ‌did‌ ‌not‌ ‌substitute‌ ‌their‌ ‌local‌ ‌chickens‌ ‌for‌ ‌the‌ ‌hybrid‌ ‌HDF‌ ‌chickens‌ ‌they‌ ‌received.‌‌                           
Perhaps‌ ‌because‌ ‌of‌ ‌the‌ ‌fact‌ ‌that‌ ‌they‌ ‌owned‌ ‌a‌ ‌larger‌ ‌number‌ ‌of‌ ‌chickens‌ ‌or‌ ‌due‌ ‌to‌ ‌hybrid‌‌                                 
chicken’s‌ ‌heightened‌ ‌productivity,‌‌treatment‌‌households‌‌collected‌‌332‌‌eggs‌‌over‌‌the‌‌course‌‌of‌‌                       
the‌ ‌year,‌ ‌202‌ ‌more‌ ‌than‌ ‌control‌ ‌households‌ ‌(who‌ ‌collected‌ ‌130‌ ‌eggs).‌‌ ‌  
‌ 

Treatment‌ ‌households‌ ‌planted‌ ‌the‌ ‌majority‌ ‌of‌ ‌the‌ ‌tree‌ ‌seedlings‌ ‌they‌ ‌received‌ ‌from‌ ‌1AF,‌ ‌but‌‌                           
most‌‌of‌‌these‌‌seedlings‌‌had‌‌died‌‌by‌‌the‌‌end‌‌of‌‌the‌‌year.‌‌Farmers‌‌planted‌‌an‌‌average‌‌of‌‌9.1‌‌out‌‌                                     
of‌‌the‌‌10‌‌fruit‌‌tree‌‌seedlings‌‌they‌‌received,‌‌but‌‌only‌‌3.2‌‌trees‌‌were‌‌still‌‌alive‌‌9-11‌‌months‌‌after‌‌                                   
distribution.‌‌Farmers‌‌planted‌‌8.8‌‌out‌‌of‌‌the‌‌10‌‌timber‌‌tree‌‌seedlings‌‌they‌‌received,‌‌but‌‌only‌‌2.8‌‌                               
timber‌ ‌trees‌ ‌were‌ ‌still‌ ‌alive‌ ‌9-11‌ ‌months‌ ‌after‌ ‌distribution.‌ ‌Farmers‌ ‌planted‌ ‌8.8‌ ‌of‌ ‌the‌ ‌10.00‌‌                             
agroforestry‌ ‌tree‌ ‌seedlings‌ ‌they‌ ‌received‌ ‌but‌ ‌only‌ ‌2.9‌ ‌trees‌ ‌were‌ ‌alive‌ ‌9-11‌ ‌months‌ ‌after‌‌                           
distribution.‌ ‌ 
‌ 

95%‌‌of‌‌households‌‌that‌‌said‌‌they‌‌received‌‌a‌‌solar‌‌lamp‌‌from‌‌HDF‌‌used‌‌their‌‌lamps‌‌to‌‌light‌‌their‌‌                                   
home‌ ‌at‌ ‌least‌ ‌once‌ ‌during‌ ‌the‌ ‌year‌ ‌following‌ ‌bundle‌ ‌distribution.‌ ‌83.28%‌ ‌of‌‌households‌‌used‌‌                           
them‌ ‌for‌ ‌both‌ ‌charging‌‌phones‌‌and‌‌for‌‌lighting,‌‌but‌‌no‌‌household‌‌used‌‌their‌‌lamp‌‌for‌‌charging‌‌                               
phones‌ ‌only.‌ ‌5.07%‌ ‌of‌ ‌households‌ ‌did‌ ‌not‌ ‌use‌ ‌their‌ ‌lamps‌ ‌for‌ ‌either‌ ‌lighting‌ ‌or‌ ‌charging‌ ‌phones.‌‌ ‌  

Health‌ ‌ 
The‌ ‌nets‌ ‌distributed‌ ‌by‌ ‌1AF‌ ‌had‌ ‌a‌ ‌significant‌ ‌(p<.01)‌ ‌impact‌ ‌on‌ ‌the‌ ‌number‌ ‌of‌ ‌individuals‌‌                             
sleeping‌ ‌under‌ ‌mosquito‌ ‌nets‌ ‌during‌ ‌Tanzania’s‌ ‌rainy‌ ‌season,‌ ‌though‌ ‌this‌ ‌increase‌ ‌is‌‌                       
concentrated‌ ‌among‌ ‌older‌ ‌household‌ ‌members.‌ ‌While‌ ‌70.0%‌ ‌of‌ ‌household‌ ‌members‌ ‌slept‌‌                     
under‌‌nets‌‌in‌‌control‌‌households,‌‌79.6%‌‌did‌‌so‌‌in‌‌treatment‌‌households.‌‌This‌‌increase‌‌is‌‌mostly‌‌                             
explained‌ ‌by‌ ‌the‌ ‌fact‌ ‌that‌ ‌a‌‌larger‌‌proportion‌‌of‌‌children‌‌five‌‌to‌‌eighteen‌‌years‌‌old‌‌slept‌‌under‌‌                                 
nets‌‌in‌‌treatment‌‌households‌‌(71.9%‌‌in‌‌treatment‌‌vs‌‌60.0%‌‌in‌‌control).‌‌The‌‌proportion‌‌of‌‌adults‌‌                             
sleeping‌ ‌under‌ ‌nets‌ ‌in‌ ‌treatment‌ ‌households‌‌also‌‌improved‌‌as‌‌a‌‌result‌‌of‌‌treatment‌‌(77.5%‌‌in‌‌                             
treatment‌ ‌vs‌ ‌70.0%‌ ‌in‌ ‌control)‌ ‌Receiving‌‌the‌‌HDF‌‌bundle‌‌did‌‌not‌‌have‌‌a‌‌significant‌‌impact‌‌on‌‌                               
the‌ ‌proportion‌ ‌of‌ ‌children‌ ‌under‌ ‌five‌ ‌sleeping‌ ‌under‌ ‌nets.‌ ‌This‌ ‌is‌ ‌unfortunate‌‌considering‌‌that‌‌                           
this‌ ‌age‌ ‌group‌ ‌is‌ ‌most‌ ‌vulnerable‌ ‌to‌ ‌malaria‌ ‌and‌ ‌other‌ ‌insect-borne‌ ‌diseases‌ ‌‌(World‌ ‌Health‌‌                           
Organization‌ ‌2018)‌.‌‌ ‌  
‌ 

The‌ ‌HDF‌ ‌treatment‌ ‌increased‌ ‌the‌ ‌amount‌ ‌of‌ ‌Corn-Soy‌ ‌Blend‌ ‌(CSB)‌ ‌powder‌ ‌consumed‌ ‌in‌‌                         
households.‌‌Children‌‌under‌‌two‌‌in‌‌control‌‌households‌‌consumed‌‌almost‌‌no‌‌CSB‌‌(0.1‌‌KG),‌‌while‌‌                           
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children‌ ‌under‌ ‌two‌ ‌in‌ ‌treatment‌‌households‌‌consumed‌‌4.10‌‌KG‌‌per‌‌person‌‌over‌‌the‌‌course‌‌of‌‌                             
the‌ ‌first‌ ‌six‌ ‌months‌ ‌of‌ ‌the‌ ‌HDF‌ ‌pilot.‌‌There‌‌were‌‌smaller‌‌increases‌‌(0.6‌‌KG)‌‌for‌‌children‌‌ages‌‌                                 
2-5.‌‌ ‌  
‌ 

Additionally,‌‌we‌‌observed‌‌an‌‌improvement‌‌in‌‌nutritional‌‌outcomes‌‌for‌‌this‌‌age‌‌group,‌‌albeit‌‌not‌‌                           
significant‌ ‌at‌ ‌the‌ ‌5%‌ ‌level.‌ ‌14.2%‌ ‌of‌ ‌children‌ ‌‌between‌ ‌6‌ ‌-‌ ‌23‌ ‌months‌ ‌in‌ ‌control‌ ‌households‌‌                               
consumed‌ ‌the‌ ‌required‌ ‌minimum‌ ‌dietary‌ ‌diversity‌ ‌(MDD)‌ ‌9-11‌ ‌months‌ ‌after‌ ‌the‌ ‌bundle‌ ‌was‌‌                         
distributed,‌ ‌while‌ ‌21.3%‌ ‌in‌ ‌treatment‌ ‌households‌ ‌consumed‌ ‌the‌ ‌required‌ ‌MDD.‌‌However,‌‌this‌‌                       
difference‌ ‌was‌ ‌only‌ ‌statistically‌ ‌significant‌ ‌at‌ ‌the‌ ‌10%‌ ‌level.‌ ‌There‌ ‌was‌ ‌no‌ ‌difference‌ ‌in‌ ‌the‌‌                             
consumption‌ ‌of‌ ‌iron-rich‌ ‌foods‌ ‌between‌ ‌treatment‌ ‌and‌ ‌control‌ ‌for‌ ‌this‌ ‌age‌ ‌group‌ ‌either.‌ ‌The‌‌                           
increase‌‌in‌‌CSB‌‌consumption‌‌is‌‌encouraging,‌‌however‌‌could‌‌have‌‌failed‌‌to‌‌lead‌‌to‌‌longer‌‌term‌‌                             
nutritional‌‌gains‌‌given‌‌that‌‌there‌‌was‌‌only‌‌enough‌‌supply‌‌for‌‌the‌‌first‌‌six‌‌months‌‌of‌‌the‌‌program.‌‌                                 
It‌ ‌is‌ ‌possible‌ ‌that‌ ‌these‌ ‌increases‌ ‌in‌ ‌MDD‌ ‌for‌ ‌children‌ ‌could‌ ‌have‌ ‌also‌ ‌been‌ ‌driven‌ ‌from‌ ‌the‌‌                                 
income‌ ‌and‌ ‌consumption‌ ‌gains‌ ‌or‌ ‌increased‌ ‌egg‌ ‌production‌ ‌and‌ ‌consumption‌ ‌as‌ ‌well‌ ‌from‌‌                         
chickens.‌‌ ‌  

‌ 

5.‌ ‌Discussion‌ ‌ 
‌ 

The‌‌pre-analysis‌‌plan‌‌for‌‌this‌‌evaluation‌‌outlined‌‌two‌‌“definitions‌‌of‌‌success”‌‌for‌‌the‌‌HDF‌‌pilot.‌‌                             
The‌ ‌first‌ ‌was‌ ‌that‌ ‌the‌‌intervention‌‌should‌‌have‌‌a‌‌positive‌‌and‌‌statistically‌‌significant‌‌impact‌‌on‌‌                             
one-month‌‌non-durable‌‌consumption‌‌measured‌‌during‌‌the‌‌endline‌‌survey.‌‌The‌‌second‌‌was‌‌that‌‌                       
the‌ ‌effect‌ ‌of‌ ‌treatment‌ ‌on‌ ‌DIG‌ ‌should‌ ‌be‌ ‌positive‌ ‌and‌ ‌statistically‌ ‌significant,‌ ‌and‌ ‌the‌ ‌point‌‌                             
estimate‌ ‌of‌ ‌that‌ ‌effect‌ ‌should‌ ‌be‌ ‌greater‌ ‌than‌ ‌the‌ ‌average‌ ‌cost‌ ‌per‌ ‌farmer‌ ‌of‌ ‌the‌‌                             
income-generating‌ ‌components‌ ‌of‌ ‌the‌ ‌bundle‌ ‌($94).‌ ‌HDF‌ ‌had‌ ‌positive‌ ‌and‌ ‌statistically‌‌                     
significant‌ ‌impacts‌ ‌on‌ ‌both‌ ‌endline‌ ‌non-durable‌ ‌consumption‌ ‌and‌ ‌DIG,‌ ‌meaning‌ ‌the‌ ‌program‌‌                       
met‌ ‌these‌ ‌pre-established‌ ‌success‌ ‌metrics.‌ ‌ 

Assessing‌ ‌the‌ ‌HDF‌ ‌Bundle‌ ‌Components‌ ‌ 
‌ 

Among‌ ‌the‌ ‌income-generating‌ ‌components‌ ‌of‌ ‌the‌ ‌bundle‌ ‌(maize‌ ‌inputs,‌ ‌hybrid‌ ‌chickens,‌‌and‌‌                       
solar‌‌lamps),‌‌maize‌‌inputs‌‌were‌‌by‌‌far‌‌the‌‌largest‌‌driver‌‌of‌‌DIG‌‌impact.‌‌While,‌‌not‌‌as‌‌impactful,‌‌                                 
solar‌ ‌lamps‌ ‌could‌ ‌also‌ ‌justifiably‌ ‌be‌ ‌included,‌ ‌since‌ ‌although‌ ‌they‌ ‌only‌ ‌contributed‌ ‌$16.40‌ ‌of‌‌                           
DIG‌‌impact‌‌(11%‌‌of‌‌the‌‌treatment‌‌effect),‌‌they‌‌may‌‌confer‌‌non-monetary‌‌benefits‌‌that‌‌were‌‌not‌‌                             
measured‌ ‌as‌ ‌part‌ ‌of‌ ‌our‌ ‌evaluation‌ ‌(e.g.,‌ ‌ability‌ ‌to‌ ‌study‌ ‌at‌ ‌night,‌ ‌increased‌ ‌mobile‌ ‌phone‌‌                             
usage).‌‌Hybrid‌‌chickens,‌‌on‌‌the‌‌other‌‌hand,‌‌had‌‌disappointing‌‌impact.‌‌The‌‌chickens‌‌‌decreased‌‌                         
farmers’‌ profits‌ ‌in‌ ‌the‌ ‌first‌ ‌year‌ ‌after‌ ‌being‌ ‌distributed,‌ ‌and‌ ‌were‌ ‌only‌ ‌projected‌ ‌to‌ ‌increase‌‌                             
profits‌ ‌by‌ ‌$8‌ ‌when‌ ‌accounting‌ ‌for‌ ‌future‌ ‌years.‌‌ ‌  
‌ 

Independent‌‌of‌‌HDF,‌‌the‌‌results‌‌of‌‌this‌‌evaluation‌‌casts‌‌doubt‌‌on‌‌the‌‌viability‌‌of‌‌hybrid‌‌chicken‌‌                               
as‌‌a‌‌means‌‌of‌‌generating‌‌income‌‌for‌‌poor‌‌smallholder‌‌farmers.‌‌Hybrid‌‌chickens‌‌were‌‌expensive‌‌                           
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for‌‌farmers‌‌to‌‌keep,‌‌costing‌‌them‌‌an‌‌additional‌‌$36.90‌‌over‌‌the‌‌course‌‌of‌‌a‌‌year‌‌(equivalent‌‌to‌‌                                 
2.5%‌‌of‌‌control‌‌households’‌‌average‌‌annual‌‌consumption),‌‌$32.40‌‌of‌‌which‌‌came‌‌in‌‌the‌‌form‌‌of‌‌                             
additional‌‌expenditure‌‌on‌‌feed.‌‌Although‌‌HDF‌‌training‌‌sessions‌‌instructed‌‌farmers‌‌to‌‌allow‌‌their‌‌                         
chickens‌ ‌to‌ ‌forage‌ ‌for‌ ‌insects‌ ‌and‌ ‌scraps‌ ‌from‌ ‌their‌ ‌crop‌ ‌fields,‌ ‌farmers‌ ‌reported‌ ‌anecdotally‌‌                           
that‌ ‌they‌ ‌needed‌ ‌to‌ ‌feed‌ ‌their‌ ‌chickens‌ ‌to‌ ‌keep‌ ‌them‌ ‌healthy.‌ ‌Although‌ ‌consistent‌ ‌with‌ ‌a‌‌                             
previous‌ ‌study‌ ‌on‌ ‌hybrid‌ ‌chickens‌ ‌in‌ ‌Ethiopia‌ ‌(IDinsight‌ ‌2018),‌ ‌this‌ ‌finding‌ ‌contradicts‌ ‌the‌‌                         
common‌ ‌notion‌ ‌that‌ ‌hybrid‌ ‌chickens‌ ‌should‌ ‌not‌ ‌be‌ ‌expensive‌ ‌for‌ ‌farmers‌ ‌to‌ ‌raise.‌ ‌Perhaps‌‌                           
partially‌ ‌because‌ ‌of‌ ‌these‌ ‌costs,‌ ‌farmers‌ ‌did‌ ‌not‌ ‌typically‌ ‌maintain‌ ‌large‌ ‌flocks‌ ‌of‌ ‌hybrid‌‌                           
chickens.‌‌At‌‌the‌‌end‌‌of‌‌the‌‌evaluation,‌‌HDF‌‌farmers‌‌reported‌‌only‌‌owning‌‌2.6‌‌hybrid‌‌chickens,‌‌                             
even‌‌though‌‌they‌‌initially‌‌received‌‌10‌‌chicks.‌‌This‌‌low‌‌“survival”‌‌rate‌‌does‌‌not‌‌bode‌‌well‌‌for‌‌the‌‌                                 
long-term‌ ‌impacts‌ ‌of‌ ‌hybrid‌ ‌chickens.‌ ‌Even‌ ‌if‌ ‌owning‌ ‌them‌ ‌becomes‌ ‌profitable‌ ‌after‌ ‌the‌ ‌first‌‌                           
year,‌ ‌as‌ ‌we‌ ‌estimate‌ ‌for‌ ‌HDF,‌ ‌households‌ ‌only‌ ‌yield‌ ‌these‌ ‌benefits‌ ‌from‌ ‌a‌ ‌relatively‌ ‌small‌‌                             
number‌ ‌of‌ ‌chickens.‌ ‌That‌ ‌being‌ ‌said,‌ ‌there‌ ‌is‌ ‌a‌ ‌possibility‌ ‌that‌ ‌chickens‌ ‌could‌ ‌yield‌‌                           
non-monetary‌ ‌benefits,‌ ‌such‌ ‌as‌ ‌improved‌ ‌nutrition‌ ‌through‌ ‌increased‌ ‌egg‌ ‌consumption.‌‌Even‌‌                     
so,‌‌organizations‌‌funding‌‌or‌‌implementing‌‌hybrid‌‌chicken‌‌interventions‌‌should‌‌consider‌‌whether‌‌                     
beneficiaries‌ ‌can‌ ‌avoid‌ ‌the‌ ‌high‌ ‌maintenance‌ ‌costs‌ ‌that‌ ‌characterized‌ ‌the‌ ‌hybrid‌ ‌chicken‌‌                       
component‌ ‌of‌ ‌HDF.‌ ‌If‌ ‌not,‌ ‌such‌ ‌programs‌ ‌at‌ ‌best‌ ‌likely‌ ‌offer‌ ‌modest‌ ‌benefits‌ ‌relative‌ ‌to‌ ‌their‌‌                               
implementation‌ ‌costs‌ ‌and‌ ‌at‌ ‌worst‌ ‌may‌ ‌actually‌ ‌make‌ ‌farmers‌ ‌worse‌ ‌off.‌‌ ‌  
‌ 

Although‌ ‌we‌‌could‌‌not‌‌measure‌‌the‌‌long-term‌‌monetary‌‌impacts‌‌of‌‌the‌‌non-income-generating‌‌                       
products‌ ‌distributed‌ ‌as‌ ‌part‌ ‌of‌ ‌HDF,‌ ‌intermediate‌ ‌outcomes‌ ‌indicate‌ ‌mixed‌ ‌results.‌ ‌HDF‌‌                       
increased‌ ‌overall‌ ‌usage‌ ‌of‌ ‌ITNs‌ ‌but‌ ‌did‌ ‌not‌ ‌significantly‌ ‌impact‌ ‌usage‌ ‌among‌ ‌those‌ ‌young‌‌                           
children‌ ‌most‌ ‌vulnerable‌‌to‌‌malaria.‌‌This‌‌may‌‌be‌‌due‌‌to‌‌the‌‌fact‌‌that‌‌there‌‌were‌‌high‌‌levels‌‌of‌‌                                   
bed‌ ‌net‌ ‌usage‌ ‌in‌ ‌Singida.‌ ‌80%‌ ‌of‌ ‌children‌‌under‌‌5‌‌per‌‌household‌‌slept‌‌under‌‌beds‌‌within‌‌the‌‌                                 
control‌‌group,‌‌and‌‌70%‌‌of‌‌people‌‌per‌‌household‌‌overall‌‌slept‌‌under‌‌nets.‌‌It‌‌is‌‌difficult‌‌to‌‌justify‌‌                                 
including‌ ‌ITNs‌ ‌in‌ ‌a‌‌future‌‌version‌‌of‌‌the‌‌HDF‌‌bundle‌‌based‌‌on‌‌this‌‌modest‌‌uptake‌‌in‌‌usage‌‌in‌‌                                   
locations‌‌that‌‌already‌‌have‌‌high‌‌ITN‌‌penetration.‌‌However,‌‌it‌‌is‌‌possible‌‌that‌‌distributing‌‌ITNs‌‌as‌‌                             
part‌‌of‌‌a‌‌bundle‌‌would‌‌have‌‌a‌‌larger‌‌impact‌‌on‌‌the‌‌proportion‌‌of‌‌people‌‌sleeping‌‌under‌‌nets‌‌in‌‌a‌‌                                     
region‌ ‌where‌ ‌‌ex‌ ‌ante‌ ‌‌usage‌ ‌was‌ ‌lower.‌ ‌Even‌‌in‌‌this‌‌context,‌‌the‌‌results‌‌do‌‌not‌‌mean‌‌that‌‌the‌‌                                   
nets‌ ‌distributed‌ ‌via‌ ‌the‌ ‌HDF‌ ‌pilot‌ ‌will‌ ‌have‌ ‌no‌ ‌benefits.‌ ‌Russell‌‌et‌‌al.‌‌(2010)‌‌have‌‌shown‌‌that‌‌                                 
increased‌ ‌usage‌ ‌among‌ ‌older‌ ‌children‌ ‌can‌ ‌still‌ ‌reduce‌ ‌malaria‌ ‌incidence‌ ‌and‌ ‌slow‌ ‌overall‌‌                         
community‌ ‌transmission‌ ‌‌(Escamilla‌ ‌et‌ ‌al.‌ ‌2017)‌.‌‌ ‌  
‌ 

More‌ ‌encouragingly,‌ ‌young‌ ‌children‌ ‌in‌ ‌treatment‌‌households‌‌consumed‌‌most‌‌of‌‌the‌‌CSB‌‌they‌‌                         
received‌‌from‌‌HDF.‌‌We‌‌also‌‌found‌‌some‌‌improvement‌‌in‌‌dietary‌‌outcomes‌‌for‌‌children‌‌under‌‌2,‌‌                             
although‌ ‌increases‌ ‌in‌ ‌dietary‌ ‌diversity‌ ‌may‌ ‌have‌ ‌resulted‌ ‌from‌ ‌the‌ ‌provision‌ ‌of‌ ‌maize‌ ‌inputs‌‌                           
(increased‌ ‌maize‌ ‌consumption)‌ ‌and‌ ‌hybrid‌ ‌chicks‌ ‌(increased‌ ‌egg‌ ‌consumption)‌ ‌as‌ ‌much‌ ‌as‌‌                       
from‌ ‌the‌ ‌provision‌ ‌of‌ ‌CSB.‌‌ ‌  
‌ 

Additionally,‌ ‌treatment‌ ‌farmers‌ ‌used‌ ‌their‌ ‌sealed‌ ‌harvest‌ ‌bags‌ ‌to‌ ‌store‌ ‌29%‌ ‌of‌ ‌their‌ ‌maize‌‌                           
harvests‌14‌,‌‌which‌‌may‌‌pay‌‌dividends‌‌during‌‌the‌‌lean‌‌season‌‌by‌‌providing‌‌farmers‌‌a‌‌food‌‌source‌‌                             
and‌‌enabling‌‌them‌‌to‌‌sell‌‌maize‌‌at‌‌higher‌‌prices.‌‌Given‌‌that‌‌harvest‌‌bags‌‌are‌‌also‌‌inexpensive‌‌                               

14 ‌We‌ ‌did‌ ‌not‌ ‌collect‌ ‌data‌ ‌on‌ ‌storage‌ ‌of‌ ‌maize‌ ‌in‌ ‌sealed‌ ‌harvest‌ ‌bags‌ ‌for‌ ‌control‌ ‌households,‌ ‌so‌ ‌we‌‌ 
cannot‌ ‌report‌ ‌a‌ ‌treatment‌ ‌effect.‌ ‌ 
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($1.67‌ ‌per‌ ‌bag),‌ ‌they‌ ‌are‌ ‌likely‌ ‌worth‌ ‌including‌‌as‌‌part‌‌of‌‌the‌‌bundle,‌‌especially‌‌because‌‌they‌‌                               
are‌ ‌a‌ ‌direct‌ ‌complement‌ ‌to‌ ‌the‌ ‌maize‌ ‌production‌ ‌inputs‌ ‌that‌ ‌yielded‌ ‌such‌ ‌large‌ ‌impacts.‌‌ ‌  
‌ 

Also‌‌disappointingly,‌‌more‌‌than‌‌two-thirds‌‌of‌‌the‌‌tree‌‌seedlings‌‌distributed‌‌to‌‌treatment‌‌farmers‌‌                         
had‌ ‌died‌ ‌9-11‌ ‌months‌‌after‌‌they‌‌were‌‌distributed‌‌-‌‌substantially‌‌limiting‌‌the‌‌potential‌‌long-term‌‌                           
impact‌ ‌of‌ ‌this‌ ‌component‌ ‌of‌ ‌the‌ ‌bundle‌15‌.‌ ‌Until‌‌longer‌‌term‌‌data‌‌on‌‌the‌‌benefits‌‌of‌‌distributing‌‌                               
seedlings‌ ‌becomes‌ ‌available,‌ ‌this‌ ‌low‌ ‌survival‌ ‌rate‌ ‌is‌ ‌reason‌ ‌enough‌ ‌to‌ ‌exclude‌ ‌trees‌ ‌from‌‌                           
future‌ ‌bundle‌ ‌distributions.‌ ‌ 
‌ 

As‌ ‌a‌ ‌whole,‌ ‌the‌ ‌non-income‌ ‌generating‌ ‌products‌ ‌included‌ ‌in‌ ‌the‌ ‌HDF‌ ‌pilot‌ ‌may‌ ‌indeed‌‌                           
marginally‌‌improve‌‌longer-term‌‌health‌‌and‌‌economic‌‌outcomes‌‌for‌‌treatment‌‌farmers,‌‌but‌‌some‌‌                       
of‌ ‌these‌ ‌products‌ ‌appear‌ ‌to‌ ‌have‌ ‌been‌ ‌more‌ ‌successful‌ ‌than‌ ‌others.‌ ‌ 

Cost-Effectiveness‌ ‌ 
‌ 

We‌‌first‌‌examine‌‌the‌‌program’s‌‌social‌‌return‌‌on‌‌investment‌‌(SROI),‌‌calculated‌‌as‌‌the‌‌ratio‌‌of‌‌its‌‌                               
one-year‌‌DIG‌‌impact‌‌to‌‌its‌‌implementation‌‌costs‌16‌ ‌at‌‌scale‌17‌.‌‌As‌‌shown‌‌in‌‌Table‌‌7,‌‌we‌‌estimate‌‌                               
that‌‌the‌‌income-generating‌‌components‌‌of‌‌the‌‌HDF‌‌intervention‌‌would‌‌achieve‌‌an‌‌SROI‌‌of‌‌1.35‌‌                           
at‌ ‌scale,‌ ‌as‌ ‌the‌ ‌average‌ ‌cost‌ ‌per‌ ‌farmer‌ ‌of‌ ‌purchasing‌ ‌and‌ ‌distributing‌ ‌those‌ ‌products‌ ‌was‌‌                             
$106.69‌ ‌and‌ ‌the‌ ‌effect‌ ‌of‌ ‌treatment‌ ‌on‌ ‌DIG‌ ‌was‌ ‌$144.20.‌ ‌If‌ ‌one‌ ‌includes‌ ‌the‌ ‌cost‌ ‌of‌‌                               
non-income-generating‌ ‌products‌ ‌($17.86)‌ ‌(harvest‌ ‌bags,‌ ‌ITNs,‌ ‌CSB,‌ ‌tree‌ ‌seedlings),‌ ‌the‌‌total‌‌                     
SROI‌ ‌is‌ ‌lower‌ ‌at‌‌1.16.‌‌A‌‌hypothetical‌‌maize-only‌‌version‌‌of‌‌the‌‌HDF‌‌bundle‌‌would‌‌achieve‌‌an‌‌                               
SROI‌ ‌of‌ ‌1.87.‌ ‌There‌ ‌is‌ ‌potential‌ ‌for‌ ‌increased‌ ‌SROI‌ ‌in‌ ‌the‌ ‌future‌ ‌if‌ ‌treatment‌ ‌households‌‌                             
reinvest‌ ‌some‌ ‌of‌ ‌their‌ ‌extra‌ ‌income‌ ‌into‌ ‌additional‌ ‌productive‌ ‌assets‌ ‌or‌ ‌see‌ ‌positive‌ ‌impacts‌‌                           
from‌ ‌products‌ ‌that‌ ‌did‌ ‌not‌ ‌directly‌ ‌generate‌ ‌income‌ ‌in‌ ‌the‌ ‌first‌ ‌year‌ ‌after‌ ‌bundle‌ ‌distribution‌‌                             
(e.g.,‌ ‌trees,‌ ‌harvest‌ ‌bags).‌‌ ‌  
‌ 

We‌ ‌use‌ ‌the‌ ‌estimated‌ ‌costs‌ ‌of‌ ‌HDF‌ ‌at-scale‌ ‌in‌ ‌to‌ ‌calculate‌ ‌SROI,‌ ‌because‌ ‌we‌ ‌believe‌ ‌that‌‌                               
at-scale‌ ‌SROI‌ ‌is‌ ‌the‌ ‌most‌ ‌relevant‌ ‌metric‌ ‌for‌ ‌donors‌ ‌or‌ ‌implementers‌ ‌who‌ ‌might‌ ‌pursue‌ ‌an‌‌                             
scaled-up‌ ‌version‌ ‌of‌ ‌this‌ ‌program.‌ ‌SROI‌ ‌figures‌ ‌calculated‌ ‌using‌ ‌the‌ ‌actual‌ ‌costs‌ ‌of‌‌                         
implementing‌ ‌the‌ ‌HDF‌ ‌pilot‌ ‌would‌ ‌be‌ ‌much‌ ‌lower:‌ ‌0.49‌ ‌for‌ ‌the‌ ‌full‌ ‌bundle,‌ ‌0.53‌ ‌for‌ ‌only‌ ‌the‌‌                                 
income-generating‌ ‌products,‌ ‌and‌ ‌0.54‌ ‌for‌‌a‌‌maize-product-only‌‌version‌18‌.‌‌The‌‌pilot‌‌costs‌‌were‌‌                       
higher‌‌than‌‌expected‌‌costs‌‌at‌‌scale‌‌because‌‌fixed‌‌staffing‌‌costs‌‌are‌‌spread‌‌out‌‌over‌‌a‌‌relatively‌‌                               
small‌‌number‌‌of‌‌households,‌‌and‌‌the‌‌pilot‌‌also‌‌required‌‌product‌‌and‌‌delivery‌‌tests‌‌to‌‌fine-tune‌‌                             
the‌ ‌bundle‌ ‌and‌ ‌distribution‌ ‌model,‌ ‌which‌ ‌we‌‌ ‌  

15 ‌Trees‌ ‌do‌ ‌not‌ ‌begin‌ ‌generating‌ ‌income‌ ‌for‌ ‌farmers‌ ‌within‌ ‌the‌ ‌first‌ ‌year‌ ‌of‌ ‌their‌ ‌lives,‌ ‌so‌ ‌the‌ ‌monetary‌‌ 
impacts‌ ‌of‌ ‌the‌ ‌surviving‌ ‌trees‌ ‌remain‌ ‌to‌ ‌be‌ ‌seen.‌ ‌ 
16 ‌Implementation‌ ‌costs‌ ‌include‌ ‌the‌ ‌costs‌ ‌of‌ ‌purchasing‌ ‌the‌ ‌bundle‌ ‌products,‌ ‌delivering‌ ‌those‌ ‌products‌ ‌to‌‌ 
farmers‌ ‌and‌ ‌training‌ ‌them‌ ‌on‌ ‌proper‌ ‌use,‌ ‌and‌ ‌paying‌ ‌program‌ ‌staff.‌ ‌ 
17 ‌We‌ ‌estimate‌ ‌per-household‌ ‌implementation‌ ‌associated‌ ‌with‌ ‌delivering‌ ‌the‌ ‌bundle‌ ‌to‌ ‌all‌ ‌rural‌‌ 
households‌ ‌within‌ ‌a‌ ‌single‌ ‌region‌ ‌of‌ ‌Tanzania‌ ‌(90,000‌ ‌households).‌ ‌ 
18 ‌The‌ ‌full‌ ‌bundle‌ ‌would‌ ‌have‌ ‌an‌ ‌average‌ ‌cost‌ ‌per‌ ‌household‌ ‌of‌ ‌$294.54,‌ ‌a‌ ‌bundle‌ ‌including‌ ‌only‌‌ 
income-generating‌ ‌products‌ ‌would‌ ‌have‌ ‌an‌ ‌average‌ ‌cost‌ ‌of‌ ‌$273.98,‌ ‌and‌ ‌a‌ ‌maize-product-only‌ ‌version‌‌ 
would‌ ‌have‌ ‌an‌ ‌average‌ ‌cost‌ ‌of‌ ‌$225.23.‌ ‌ 
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‌ 
While‌ ‌we‌ ‌saw‌ ‌encouraging‌ ‌SROI‌ ‌for‌ ‌the‌‌HDF‌‌product‌‌as‌‌a‌‌whole,‌‌these‌‌positive‌‌results‌‌were‌‌                               
driven‌ ‌almost‌ ‌exclusively‌ ‌by‌ ‌maize‌ ‌profits.‌ ‌This‌ ‌suggests‌ ‌that‌ ‌an‌ ‌intervention‌‌that‌‌focused‌‌on‌‌                           
distributing‌‌high-quality‌‌maize‌‌inputs‌‌to‌‌poor‌‌farming‌‌households‌‌would‌‌achieve‌‌a‌‌greater‌‌“bang‌‌                         
for‌ ‌buck”‌ ‌than‌ ‌the‌ ‌HDF‌ ‌pilot,‌ ‌which‌ ‌included‌ ‌a‌ ‌much‌ ‌wider‌ ‌array‌ ‌of‌‌products.‌‌One‌‌could‌‌also‌‌                                 
make‌‌the‌‌case‌‌for‌‌including‌‌solar‌‌lamps‌‌-‌‌which‌‌achieved‌‌an‌‌SROI‌‌greater‌‌than‌‌1‌‌-‌‌and‌‌certain‌‌                                   
non-income-generating‌ ‌products‌ ‌(such‌ ‌as‌ ‌CSB‌ ‌and‌ ‌sealed‌ ‌harvest‌ ‌bags)‌ ‌which‌ ‌are‌‌relatively‌‌                       
inexpensive‌ ‌to‌ ‌purchase‌ ‌and‌ ‌distribute‌ ‌.‌ ‌Adding‌ ‌these‌ ‌additional‌ ‌components‌ ‌reduces‌ ‌SROI‌‌                       
relative‌‌to‌‌a‌‌maize‌‌bundle‌‌(as‌‌calculated‌‌based‌‌on‌‌short-term‌‌DIG‌‌impacts),‌‌but‌‌potentially‌‌have‌‌                             
non-DIG‌ ‌benefits‌ ‌as‌ ‌well.‌ ‌ 
‌ 

The‌ ‌HDF‌ ‌program‌ ‌compares‌ ‌well‌ ‌against‌ ‌other‌ ‌programs‌ ‌intended‌ ‌to‌ ‌increase‌ ‌the‌‌welfare‌‌of‌‌                           
poor‌ ‌households.‌ ‌Sulaiman‌ ‌et‌ ‌al.‌ ‌(2016)‌ ‌calculated‌ ‌benefit-cost‌ ‌ratios‌ ‌for‌ ‌dozens‌ ‌of‌‌                       
unconditional‌ ‌cash‌ ‌transfer,‌ ‌livelihood‌ ‌development,‌ ‌and‌ ‌poverty‌ ‌graduation‌ ‌programs.‌ ‌They‌‌                   
defined‌‌the‌‌benefit-cost‌‌ratio‌‌as‌‌a‌‌program’s‌‌annual‌‌impact‌‌on‌‌household‌‌consumption‌‌divided‌‌                         
by‌ ‌its‌ ‌costs‌ ‌(note‌ ‌that‌ ‌this‌ ‌is‌ ‌different‌ ‌from‌ ‌the‌ ‌SROI‌ ‌figures‌ ‌reported‌ ‌above).‌ ‌Notably,‌ ‌this‌‌                               
approach‌ ‌only‌ ‌considers‌‌benefits‌‌for‌‌one‌‌year,‌‌and‌‌will‌‌underestimate‌‌the‌‌benefit-cost‌‌ratio‌‌for‌‌                           
programs‌‌that‌‌provide‌‌benefits‌‌over‌‌multiple‌‌years.‌‌On‌‌average,‌‌they‌‌find‌‌a‌‌benefit-cost‌‌ratio‌‌of‌‌                             
0.3‌ ‌for‌ ‌cash‌ ‌transfer‌ ‌programs,‌ ‌0.2‌ ‌for‌ ‌livelihood‌ ‌development‌ ‌programs,‌ ‌and‌ ‌0.11‌ ‌for‌‌                         
graduation‌ ‌programs‌ ‌‌(Sulaiman‌ ‌et‌ ‌al.‌ ‌2016)‌.‌ ‌We‌ ‌calculate‌ ‌HDF’s‌ ‌benefit-cost‌ ‌ratio‌ ‌by‌‌                       
multiplying‌ ‌the‌ ‌intervention’s‌ ‌average‌ ‌monthly‌ ‌impact‌ ‌on‌ ‌non-durable‌ ‌consumption‌ ‌($5.80)‌ ‌by‌‌                     
12‌ ‌to‌ ‌get‌ ‌an‌ ‌annual‌ ‌impact‌ ‌(or‌ ‌“benefit”)‌ ‌of‌ ‌$69.60.‌ ‌We‌ ‌use‌ ‌the‌ ‌impact‌ ‌on‌ ‌non-durable‌‌                               
consumption‌ ‌as‌ ‌opposed‌‌to‌‌total‌‌consumption‌‌because‌‌non-durable‌‌consumption‌‌is‌‌the‌‌metric‌‌                       
used‌ ‌in‌ ‌most‌ ‌of‌ ‌the‌ ‌studies‌ ‌within‌ ‌the‌ ‌Sulaiman‌ ‌et‌ ‌al.‌ ‌meta-analysis.‌ ‌As‌ ‌with‌ ‌our‌ ‌SROI‌‌                               
calculations,‌ ‌we‌ ‌use‌ ‌the‌ ‌estimated‌ ‌costs‌ ‌of‌ ‌HDF‌ ‌at‌ ‌scale,‌ ‌as‌ ‌opposed‌ ‌to‌ ‌the‌ ‌actual‌ ‌costs‌ ‌of‌‌                                 
implementing‌ ‌the‌ ‌HDF‌ ‌pilot.‌ ‌Using‌ ‌this‌ ‌approach,‌ ‌HDF’s‌ ‌benefit-cost‌ ‌ratio‌ ‌is‌ ‌0.65‌ ‌when‌ ‌only‌‌                           
including‌ ‌costs‌ ‌of‌ ‌income-generating‌ ‌products‌ ‌($106.69)‌‌and‌‌0.56‌‌when‌‌including‌‌the‌‌costs‌‌of‌‌                         
all‌ ‌bundled‌ ‌products‌ ‌($124.55),‌ ‌much‌ ‌higher‌ ‌than‌ ‌the‌ ‌benefit-cost‌ ‌figures‌‌that‌‌Sulaiman‌‌et‌‌al.‌‌                           
report.‌‌ ‌  
‌ 

HDF‌‌also‌‌compares‌‌relatively‌‌well‌‌against‌‌high-performing‌‌interventions‌‌to‌‌which‌‌it‌‌is‌‌especially‌‌                         
similar.‌‌Deutschmann‌‌et‌‌al.‌‌(2019)‌‌concluded‌‌that‌‌One‌‌Acre‌‌Fund’s‌‌core‌‌farmer‌‌program‌‌led‌‌to‌‌                             
a‌ ‌$54.90‌ ‌increase‌ ‌in‌ ‌maize‌ ‌profits.‌ ‌By‌ ‌comparison,‌ ‌HDF‌ ‌led‌ ‌to‌ ‌a‌ ‌$121.60‌ ‌increase‌ ‌in‌ ‌maize‌‌                               
profits.‌ ‌That‌ ‌program‌ ‌offered‌ ‌farmers‌ ‌group-liability‌ ‌loans‌ ‌for‌ ‌improved‌ ‌seeds,‌ ‌high‌ ‌quality‌‌                       
fertilizer,‌ ‌regular‌ ‌training‌ ‌on‌ ‌modern‌ ‌agricultural‌ ‌techniques,‌ ‌crop‌ ‌and‌ ‌funeral‌ ‌insurance,‌ ‌and‌‌                       
help‌ ‌to‌ ‌enable‌ ‌farmers‌ ‌to‌ ‌sell‌ ‌their‌ ‌products‌ ‌at‌ ‌higher‌ ‌prices‌ ‌‌(Deutschmann‌ ‌et‌ ‌al.‌ ‌2019)‌.‌‌                             
Importantly,‌‌1AF’s‌‌core‌‌program‌‌provides‌‌farmers‌‌with‌‌loans,‌‌while‌‌HDF‌‌provides‌‌inputs‌‌for‌‌free.‌‌                           
This‌ ‌makes‌ ‌the‌ ‌core‌ ‌program‌ ‌cheaper‌ ‌for‌ ‌1AF‌ ‌to‌ ‌operate:‌ ‌the‌ ‌Kenya‌ ‌program‌ ‌evaluated‌ ‌by‌‌                             
Deutschmann‌‌et‌‌al‌‌(2019)‌‌cost‌‌1AF‌‌an‌‌average‌‌of‌‌$24‌‌per‌‌client‌‌to‌‌operate,‌‌giving‌‌it‌‌an‌‌SROI‌‌of‌‌                                     
2.29,‌19‌ ‌compared‌‌to‌‌1.35‌‌for‌‌the‌‌income-generating‌‌components‌‌of‌‌HDF‌‌‌(One‌‌Acre‌‌Fund‌‌2020)‌.‌‌                           
However,‌ ‌even‌ ‌though‌ ‌the‌ ‌core‌ ‌program‌ ‌is‌ ‌cheaper‌ ‌for‌‌1AF,‌‌it‌‌is‌‌more‌‌expensive‌‌for‌‌farmers,‌‌                               
who‌ ‌need‌ ‌to‌ ‌pay‌ ‌back‌ ‌the‌ ‌costs‌ ‌of‌ ‌their‌ ‌maize‌ ‌inputs.‌ ‌Therefore,‌ ‌the‌ ‌core‌ ‌program’s‌ ‌higher‌‌                               

19 ‌While‌ ‌the‌ ‌Deutschmann‌ ‌study‌ ‌only‌ ‌considers‌ ‌increases‌ ‌in‌ ‌maize‌ ‌profits‌ ‌towards‌ ‌impact,‌ ‌total‌ ‌SROI‌ ‌may‌‌ 
have‌ ‌been‌ ‌higher‌ ‌if‌ ‌impact‌ ‌from‌ ‌other‌ ‌products‌ ‌were‌ ‌considered.‌ 
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SROI‌ ‌is‌ ‌at‌ ‌least‌ ‌partially‌ ‌due‌ ‌to‌ ‌the‌ ‌fact‌ ‌that‌ ‌HDF‌ ‌transfers‌ ‌some‌ ‌costs‌ ‌that‌ ‌would‌ ‌fall‌ ‌onto‌‌                                   
farmers‌‌in‌‌the‌‌core‌‌program‌‌onto‌‌program‌‌funders.‌20‌ ‌In‌‌addition,‌‌the‌‌HDF‌‌pilot‌‌included‌‌farmers‌‌                             
that‌‌would‌‌not‌‌have‌‌had‌‌sufficient‌‌liquidity‌‌to‌‌participate‌‌in‌‌1AF’s‌‌core‌‌program,‌‌realizing‌‌social‌‌                             
returns‌ ‌for‌ ‌individuals‌ ‌that‌ ‌the‌ ‌core‌ ‌program‌ ‌could‌ ‌not‌ ‌have‌ ‌benefitted.‌‌ ‌  
‌ 

Carter‌‌et‌‌al.‌‌(2019)’s‌‌study‌‌of‌‌a‌‌government-implemented‌‌agricultural‌‌input‌‌subsidy‌‌program‌‌in‌‌                         
Mozambique‌ ‌found‌ ‌that‌ ‌it‌ ‌led‌ ‌to‌ ‌a‌ ‌monthly‌ ‌impact‌ ‌on‌ ‌consumption‌ ‌of‌ ‌$2.88‌ ‌per‌ ‌capita,‌‌while‌‌                               
HDF‌ ‌led‌ ‌to‌ ‌an‌ ‌increase‌ ‌of‌ ‌$1.26‌ ‌per‌ ‌capita.‌ ‌While‌ ‌the‌ ‌Mozambique‌ ‌subsidy‌ ‌program‌ ‌led‌ ‌to‌‌                               
higher‌‌consumption‌‌increases‌‌than‌‌HDF,‌‌HDF‌‌achieves‌‌similar‌‌SROI:‌‌The‌‌subsidy‌‌intervention‌‌                       
in‌‌Mozambique‌‌achieved‌‌an‌‌SROI‌‌of‌‌2.0‌‌after‌‌the‌‌first‌‌year‌‌of‌‌the‌‌program‌‌based‌‌on‌‌increases‌‌                                 
in‌ ‌the‌ ‌value‌ ‌of‌ ‌maize‌ ‌yields‌ ‌among‌ ‌treated‌ ‌households,‌ ‌compared‌ ‌to‌ ‌1.87‌ ‌for‌ ‌a‌ ‌hypothetical‌‌                             
maize-only‌ ‌version‌ ‌of‌ ‌the‌ ‌HDF‌ ‌bundle.‌ ‌In‌ ‌Mozambique,‌ ‌the‌ ‌SROI‌ ‌increases‌ ‌to‌‌15.1‌‌after‌‌two‌‌                             
years‌‌and‌‌after‌‌including‌‌spillover‌‌effects‌‌to‌‌untreated‌‌farmers,‌‌but‌‌since‌‌we‌‌only‌‌have‌‌one‌‌year‌‌                               
of‌ ‌data‌ ‌for‌ ‌HDF‌ ‌and‌ ‌did‌ ‌not‌ ‌measure‌ ‌spillover‌ ‌effects,‌ ‌we‌ ‌are‌ ‌unable‌ ‌to‌ ‌compare‌ ‌directly‌‌                               
against‌ ‌that‌ ‌figure‌ ‌‌(Carter,‌ ‌Laajaj,‌ ‌and‌ ‌Yang‌ ‌2019)‌.‌ ‌ 
‌ 

Banerjee‌‌et‌‌al.‌‌(2015)‌‌studies‌‌the‌‌benefit-cost‌‌ratio‌‌of‌‌a‌‌number‌‌of‌‌graduation‌‌programs.‌‌These‌‌                             
tend‌ ‌to‌ ‌have‌ ‌low‌ ‌benefit-cost‌ ‌ratios‌ ‌in‌ ‌the‌ ‌first‌ ‌year‌ ‌of‌ ‌the‌ ‌program,‌ ‌but‌ ‌often‌ ‌go‌ ‌above‌ ‌1‌ ‌if‌‌                                     
impacts‌‌continue‌‌for‌‌multiple‌‌years.‌‌For‌‌instance,‌‌a‌‌study‌‌in‌‌Ghana‌21‌ ‌showed‌‌that‌‌a‌‌graduation‌‌                             
program‌ ‌increased‌‌annual‌‌non-durable‌‌household‌‌consumption‌‌by‌‌$293‌‌in‌‌the‌‌first‌‌year‌‌of‌‌the‌‌                           
program.‌ ‌The‌ ‌total‌ ‌program‌‌costs‌‌per‌‌household‌‌were‌‌$5,408,‌‌making‌‌the‌‌implied‌‌benefit-cost‌‌                         
ratio‌‌0.05‌‌for‌‌that‌‌year,‌‌compared‌‌to‌‌0.56‌‌for‌‌HDF‌‌when‌‌including‌‌the‌‌costs‌‌of‌‌all‌‌products‌‌in‌‌the‌‌                                     
bundle‌22‌.‌ ‌It‌ ‌is‌ ‌important‌ ‌to‌ ‌note‌ ‌that‌ ‌graduation‌ ‌programs‌ ‌are‌ ‌designed‌ ‌to‌ ‌achieve‌ ‌sustained‌‌                           
benefits‌ ‌over‌ ‌time‌ ‌-‌ ‌Banerjee‌ ‌et‌ ‌al.‌ ‌estimate‌ ‌the‌ ‌Ghana‌ ‌program‌ ‌will‌ ‌have‌ ‌a‌ ‌total‌ ‌long-term‌‌                               
impact‌ ‌of‌ ‌$7175‌ ‌and‌ ‌a‌ ‌benefit-cost‌ ‌ratio‌ ‌of‌ ‌1.33‌ ‌‌(Banerjee‌ ‌et‌ ‌al.‌ ‌2015)‌.‌ ‌However,‌ ‌it‌ ‌is‌ ‌still‌‌                                 
unknown‌ ‌whether‌ ‌HDF‌ ‌impacts‌ ‌will‌ ‌persist‌ ‌in‌ ‌the‌ ‌long‌ ‌run.‌ ‌ 
‌ 

Overall,‌ ‌the‌‌results‌‌of‌‌the‌‌HDF‌‌pilot‌‌demonstrate‌‌that‌‌distributing‌‌a‌‌bundle‌‌of‌‌productive‌‌maize‌‌                             
inputs‌ ‌to‌ ‌farmers‌ ‌can‌ ‌lead‌ ‌to‌ ‌benefits‌ ‌(i.e.,‌ ‌direct‌‌income‌‌generation‌‌and‌‌consumption‌‌gains‌‌)‌‌                             
that‌‌substantially‌‌exceed‌‌the‌‌costs‌‌of‌‌the‌‌program,‌‌when‌‌operated‌‌at‌‌scale.‌‌This‌‌model‌‌is‌‌more‌‌                               
cost-effective‌‌than‌‌other‌‌traditional‌‌graduation‌‌interventions‌‌that‌‌seek‌‌to‌‌improve‌‌the‌‌welfare‌‌of‌‌                         
rural‌ ‌households‌ ‌and‌ ‌compares‌ ‌relatively‌ ‌favorably‌ ‌against‌ ‌some‌ ‌of‌ ‌the‌ ‌more‌ ‌successful‌‌                       
programs‌‌that‌‌have‌‌been‌‌studied.‌‌Although‌‌the‌‌1AF‌‌Core‌‌program‌‌has‌‌a‌‌higher‌‌estimated‌‌SROI‌‌                             
and‌ ‌other‌ ‌interventions‌ ‌have‌ ‌been‌ ‌more‌ ‌clearly‌ ‌shown‌‌to‌‌lead‌‌to‌‌sustained‌‌impacts‌‌over‌‌time‌‌                             
and/or‌ ‌positive‌ ‌spillover‌ ‌effects,‌ ‌HDF‌ ‌has‌ ‌the‌ ‌distinct‌ ‌advantage‌ ‌of‌‌being‌‌easier‌‌to‌‌implement‌‌                           
than‌ ‌these‌ ‌alternatives,‌ ‌since‌ ‌all‌ ‌bundled‌ ‌products‌ ‌can‌ ‌be‌ ‌distributed‌ ‌at‌‌once‌‌to‌‌beneficiaries‌‌                           

20 ‌Note‌ ‌that‌ ‌we‌ ‌are‌ ‌considering‌ ‌only‌ ‌donor‌ ‌costs‌ ‌as‌ ‌part‌ ‌of‌ ‌the‌ ‌SROI.‌ ‌If‌ ‌farmer‌ ‌costs‌ ‌were‌ ‌included,‌ ‌it‌‌ 
would‌ ‌bring‌ ‌down‌ ‌the‌ ‌SROI‌ ‌of‌ ‌loan‌ ‌programs‌ ‌like‌ ‌1AF’s‌ ‌core‌ ‌program.‌‌ ‌  
21 ‌The‌ ‌program‌ ‌included‌ ‌savings‌ ‌accounts,‌ ‌health‌ ‌and‌ ‌nutrition‌ ‌education,‌ ‌enrollment‌ ‌in‌ ‌the‌ ‌national‌‌ 
health‌ ‌insurance‌ ‌scheme,‌ ‌cash‌ ‌transfers‌ ‌during‌ ‌the‌ ‌lean‌ ‌season,‌ ‌and‌ ‌an‌ ‌asset‌ ‌transfer‌ ‌(the‌ ‌beneficiary‌‌ 
chose‌ ‌the‌ ‌asset(s)‌ ‌based‌ ‌on‌ ‌a‌ ‌list‌ ‌provided‌ ‌by‌ ‌the‌ ‌implementing‌ ‌organization).‌ ‌ 
22 ‌This‌ ‌HDF‌ ‌benefit-cost‌ ‌ratio‌ ‌only‌ ‌factors‌ ‌in‌ ‌the‌ ‌impact‌ ‌of‌ ‌HDF‌ ‌on‌ ‌non-durable‌ ‌consumption,‌ ‌since‌ ‌this‌ ‌is‌‌ 
the‌ ‌measure‌ ‌used‌ ‌within‌ ‌the‌ ‌Banerjee‌ ‌et‌ ‌al.‌ ‌study.‌ ‌ 
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with‌ ‌little‌ ‌to‌ ‌no‌ ‌follow-up‌23‌,‌ ‌and‌ ‌also‌ ‌the‌ ‌potential‌ ‌to‌ ‌reach‌ ‌a‌ ‌population‌ ‌of‌ ‌farmers‌ ‌who‌ ‌are‌‌                                 
unable‌‌to‌‌meet‌‌the‌‌criteria‌‌to‌‌participate‌‌in‌‌a‌‌loan-based‌‌program.‌‌HDF-like‌‌interventions‌‌could‌‌                           
therefore‌‌be‌‌attractive‌‌for‌‌donors‌‌or‌‌implementers‌‌seeking‌‌to‌‌reach‌‌a‌‌large‌‌cross-section‌‌of‌‌rural‌‌                             
farming‌ ‌households‌ ‌using‌ ‌a‌ ‌relatively‌‌light-touch‌‌and‌‌low-cost‌‌approach,‌‌while‌‌still‌‌obtaining‌‌a‌‌                         
relatively‌ ‌high‌ ‌“bang‌ ‌for‌ ‌buck.”‌ ‌ 

External‌ ‌Validity‌ ‌ 
‌ 

We‌‌believe‌‌that‌‌the‌‌results‌‌of‌‌the‌‌HDF‌‌pilot‌‌in‌‌Singida‌‌are‌‌fairly‌‌representative‌‌of‌‌the‌‌potential‌‌of‌‌                                   
HDF‌‌in‌‌Tanzania‌‌as‌‌a‌‌whole.‌‌Singida‌‌was‌‌selected‌‌as‌‌the‌‌pilot‌‌region‌‌because‌‌it‌‌had‌‌the‌‌highest‌‌                                   
annual‌‌maize‌‌yields‌‌in‌‌the‌‌country‌‌of‌‌the‌‌10‌‌regions‌‌where‌‌One‌‌Acre‌‌Fund‌‌does‌‌not‌‌operate‌‌its‌‌                                   
Core‌ ‌program.‌ ‌Therefore,‌ ‌while‌ ‌the‌ ‌10‌ ‌regions‌‌where‌‌the‌‌Core‌‌program‌‌operates‌‌would‌‌likely‌‌                           
be‌‌better‌‌suited‌‌for‌‌HDF‌‌(because‌‌they‌‌produce‌‌more‌‌maize),‌‌nine‌‌other‌‌regions‌‌of‌‌the‌‌country‌‌                               
would‌ ‌likely‌ ‌be‌ ‌worse‌ ‌suited.‌ ‌That‌ ‌being‌ ‌said,‌ ‌the‌ ‌2020‌ ‌maize‌ ‌harvest‌ ‌season‌ ‌may‌ ‌not‌                             
necessarily‌ ‌be‌ ‌representative‌‌of‌‌all‌‌seasons,‌‌as‌‌it‌‌saw‌‌abnormally‌‌high‌‌rainfall.‌‌In‌‌a‌‌dry‌‌region‌‌                               
like‌‌Singida,‌‌this‌‌caused‌‌higher‌‌maize‌‌yields‌‌than‌‌normal‌24‌ ‌and‌‌potentially‌‌increased‌‌the‌‌return‌                           
to‌ ‌the‌ ‌maize‌ ‌inputs‌ ‌that‌ ‌drove‌ ‌much‌ ‌of‌ ‌HDF’s‌ ‌impact.‌‌ ‌  
‌ 
‌ 
‌ 

6.‌ ‌Conclusion‌ ‌ 
‌ 

Using‌ ‌a‌ ‌randomized‌ ‌controlled‌ ‌trial,‌ ‌we‌ ‌find‌ ‌that‌ ‌the‌ ‌HDF‌ ‌pilot‌ ‌program‌ ‌met‌ ‌its‌ ‌pre-specified‌‌                             
goals‌‌of‌‌delivering‌‌income‌‌greater‌‌than‌‌the‌‌cost‌‌of‌‌the‌‌bundle,‌‌as‌‌well‌‌as‌‌increasing‌‌household‌‌                               
consumption.‌ ‌Overall,‌ ‌we‌ ‌find‌ ‌that‌ ‌the‌ ‌HDF‌ ‌pilot‌ ‌program‌ ‌in‌ ‌Tanzania‌ ‌delivered‌ ‌substantial‌‌                         
benefits‌ ‌to‌ ‌farmers,‌ ‌offering‌ ‌an‌ ‌impressive‌ ‌social‌ ‌return‌ ‌on‌ ‌investment.‌ ‌The‌ ‌benefit-cost‌ ‌and‌‌                         
SROI‌ ‌figures‌ ‌from‌ ‌the‌ ‌program‌ ‌compare‌ ‌favorably‌ ‌to‌ ‌those‌ ‌of‌‌other‌‌agricultural‌‌interventions,‌‌                         
graduation‌‌programs,‌‌and‌‌cash‌‌transfer‌‌interventions.‌‌Therefore,‌‌the‌‌HDF‌‌model‌‌could‌‌provide‌‌                       
an‌‌attractive‌‌opportunity‌‌for‌‌funders‌‌or‌‌implementers‌‌seeking‌‌to‌‌benefit‌‌a‌‌large‌‌number‌‌of‌‌poor,‌‌                             
agrarian‌ ‌households‌ ‌at‌ ‌a‌ ‌relatively‌ ‌low‌ ‌cost‌ ‌per‌ ‌household‌ ‌and‌ ‌with‌ ‌minimal‌ ‌complexity.‌ ‌ 
‌ 

However,‌‌the‌‌positive‌‌impacts‌‌from‌‌the‌‌HDF‌‌intervention‌‌are‌‌by-and-large‌‌a‌‌result‌‌of‌‌the‌‌maize‌‌                             
inputs‌ ‌included‌ ‌in‌ ‌the‌ ‌bundle,‌ ‌rather‌ ‌than‌ ‌the‌ ‌hybrid‌ ‌chickens‌ ‌or‌ ‌solar‌ ‌lamps.‌ ‌These‌ ‌results‌‌                             

23 ‌In‌ ‌practice,‌ ‌the‌ ‌HDF‌ ‌pilot‌ ‌was‌ ‌more‌ ‌logistically‌ ‌challenging‌ ‌than‌ ‌expected.‌ ‌The‌ ‌1AF‌ ‌team‌ ‌conducted‌‌ 
numerous‌ ‌trial‌ ‌distributions‌ ‌outside‌ ‌of‌ ‌the‌ ‌study‌ ‌area‌ ‌to‌ ‌fine-tune‌ ‌the‌ ‌composition‌ ‌of‌ ‌the‌ ‌bundle‌ ‌and‌‌ 
delivery‌ ‌logistics.‌ ‌In‌ ‌addition,‌ ‌distributing‌ ‌hybrid‌ ‌chickens‌ ‌required‌ ‌a‌ ‌separate‌ ‌visit‌ ‌to‌ ‌farmers,‌ ‌since‌ ‌it‌ ‌was‌‌ 
not‌ ‌feasible‌ ‌to‌ ‌distribute‌ ‌them‌ ‌at‌ ‌the‌ ‌same‌ ‌time‌ ‌as‌ ‌the‌ ‌other‌ ‌products.‌ ‌However,‌ ‌we‌ ‌expect‌ ‌that‌ ‌scaling‌ ‌up‌‌ 
HDF‌ ‌would‌ ‌need‌ ‌many‌ ‌fewer‌ ‌trial‌ ‌distribution‌ ‌than‌ ‌running‌ ‌the‌ ‌first‌ ‌pilot‌ ‌and‌ ‌that‌ ‌future‌ ‌iterations‌ ‌of‌ ‌HDF‌‌ 
will‌ ‌not‌ ‌include‌ ‌hybrid‌ ‌chickens.‌ ‌ 
24 ‌In‌ ‌some‌ ‌cases,‌ ‌heavy‌ ‌rain‌ ‌can‌ ‌actually‌ ‌reduce‌ ‌maize‌ ‌yields‌ ‌due,‌ ‌for‌ ‌example,‌ ‌to‌ ‌flooding.‌ ‌However,‌‌ 
observations‌ ‌from‌ ‌1AF’s‌ ‌field‌ ‌team‌ ‌in‌ ‌Singida‌ ‌suggest‌ ‌that‌ ‌the‌ ‌heavy‌ ‌rain‌ ‌during‌ ‌the‌ ‌2020‌ ‌maize‌ ‌harvest‌‌ 
increased‌ ‌yields.‌ ‌ 
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suggest‌ ‌that‌ ‌a‌ ‌version‌ ‌of‌‌the‌‌HDF‌‌intervention‌‌that‌‌focused‌‌on‌‌maize‌‌inputs‌‌(and‌‌potentially‌‌a‌‌                               
small‌ ‌number‌ ‌of‌ ‌other‌ ‌products)‌ ‌would‌ ‌be‌ ‌more‌ ‌cost-effective‌ ‌than‌ ‌the‌ ‌pilot‌ ‌bundle.‌ ‌ 
‌ 

This‌ ‌study‌ ‌leaves‌ ‌several‌ ‌areas‌ ‌open‌ ‌for‌ ‌further‌ ‌exploration.‌ ‌Although‌ ‌the‌ ‌results‌ ‌on‌ ‌maize‌‌                           
production‌ ‌were‌ ‌impressive,‌ ‌it’s‌ ‌unclear‌ ‌whether‌ ‌they‌ ‌are‌ ‌reliant‌ ‌on‌ ‌the‌ ‌fact‌ ‌that‌ ‌there‌ ‌was‌‌                             
excellent‌ ‌rainfall‌ ‌during‌ ‌the‌ ‌study‌ ‌period.‌ ‌We‌ ‌also‌‌do‌‌not‌‌know‌‌whether‌‌treatment‌‌farmers‌‌will‌‌                             
continue‌ ‌to‌ ‌experience‌ ‌higher‌ ‌maize‌ ‌profits‌ ‌than‌ ‌control‌ ‌farmers‌ ‌in‌ ‌subsequent‌ ‌years‌ ‌(e.g.,‌‌                         
because‌ ‌they‌ ‌reinvest‌ ‌in‌ ‌improved‌ ‌maize‌ ‌seeds‌ ‌or‌ ‌fertilizers).‌ ‌In‌ ‌addition,‌ ‌although‌ ‌we‌‌                         
estimated‌ ‌the‌ ‌impacts‌ ‌of‌ ‌hybrid‌ ‌chickens‌ ‌and‌ ‌solar‌ ‌lamps‌ ‌in‌ ‌future‌ ‌years‌ ‌via‌ ‌proxy‌‌                           
measurements,‌ ‌the‌ ‌‌actual‌ ‌‌future‌ ‌impacts‌ ‌of‌ ‌these‌ ‌products‌ ‌may‌ ‌differ‌ ‌from‌ ‌these‌ ‌estimates.‌‌                         
Finally,‌ ‌the‌ ‌long-term‌ ‌health‌ ‌and‌ ‌income‌ ‌impacts‌ ‌of‌ ‌ITNs,‌ ‌CSB,‌ ‌harvest‌ ‌bags,‌ ‌and‌ ‌tree‌‌                           
seedlings‌‌remain‌‌unknown.‌‌A‌‌follow-up‌‌study‌‌after‌‌the‌‌next‌‌maize‌‌harvest‌‌could‌‌help‌‌shed‌‌light‌‌                             
on‌ ‌these‌ ‌questions.‌ ‌Such‌ ‌insights‌‌would‌‌allow‌‌for‌‌more‌‌direct‌‌comparisons‌‌between‌‌HDF‌‌and‌‌                           
poverty‌ ‌graduation‌ ‌interventions,‌ ‌which‌ ‌aim‌ ‌to‌ ‌increase‌ ‌the‌ ‌long-term‌ ‌welfare‌ ‌of‌ ‌beneficiary‌‌                       
households.‌ ‌ 
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Product Eligibility criteria
Cost per eligible 

household

% treatment 
households 

eligible
10kg hybrid maize seed Planted  1+ acre of maize in previous season. $24.15 90%
60kg of Urea fertilizer Planted at  1+ acre of maize in previous season. $23.39 90%
30kg of DAP fertilizer Planted at  1+ acre of maize in previous season. $13.65 90%
Handheld solar light Did not own working solar lamp prior to HDF distribution $24.34 55%
10 Sasso hybrid chicks All households $25.91 100%
3 improved harvest bags All households. $5.01 100%
6kg of corn soy blend powder 6kg per child aged under 2 years. $4.32 41%
3 insecticide treated nets All households $8.10 100%
30 tree seedlings All households $5.70 100%
Product delivery (exc. chicks) N/A $33.85 N/A
Chick delivery N/A $9.50 N/A
Fixed staffing costs N/A $136.25 N/A
Total N/A $310.56 N/A

Table 1. HDF pilot implementation costs

Notes: Cost figures in this table reflect costs incurred by One Acre Fund during the  implementation of the HDF pilot in 
Singida. These not only include costs assocaited with the procurement and distribution of HDF products, but also product 
tests, distribution dry-runs, and other activities needed to determine the exact products that would be included in the bundle 
and the distribution process that would be used for the pilot. Staffing costs are especially high, because One Acre Fund 
allocated two expensive senior-level staff to plan and execute a pilot program targeting a relatively small number of 
households.  Hybrid chicks were delivered separately from the rest of the HDF bundle, which is why the delivery costs for 
chicks is separate from the rest of the products.



.
Control mean (SD)

Treatment mean 
(SD)

Control mean - 
treatment mean

P-value

Household members 5.861 5.969 -0.040 0.436
[2.610] [2.787]

      Household members under 5 y/o 0.886 0.920 -0.039 0.459
[0.865] [0.943]

      Household members under 2 y/o 0.313 0.325 -0.024 0.640
[0.499] [0.524]

One-moth total consumption (USD) 161.355 161.604 -0.002 0.964
[106.332] [108.931]

      One-moth consumption of non-durables (USD) 127.087 125.613 0.019 0.716
[78.049] [78.208]

            One-month food consumption (USD) 72.680 71.987 0.015 0.767
[45.771] [43.163]

      One-month consumption of durables (USD) 34.268 35.991 -0.030 0.567
[57.337] [58.931]

One-month consumption per member (USD) 30.942 31.514 -0.024 0.649
[22.694] [27.162]

N 1124 553

Notes: Treat and control means for baseline variables. For each outcome variabe, we report the treatment and control means and their standard 
deviations in parantheses. Column two reports the mean of the control group, column three the mean of the treatment group, column four the 
magnitude of the difference between the control and treatment means, and column five the p-value of the comparison between the treatment and 
control group means. The unit of observation is the household for all outcome variables. The sample is restricted to households that did not expect to 
move residences before the endline surveys, that responded to all follow-up survey rounds, and are in the bottom 95 percentile of baseline 
consumption.  * denotes significance at the 10 pct., ** at the 5 pct., and *** at the 1 pct. level.

Table 2. Balance between the control and treatment samples' characteristics at baseline



Definition

Average of total one-month consumption in months 1-12

Value of the food produced by the households + expenditure on food consumed outside of the 
home + expenditure on temptation goods + expenditure on other household items + 
expenditure on durable goods +  other more infrequent expenses

Sum of the value of the assets owned by households at endline
Children need to have enough dietary diversity and regularity. Non-breastfed children need to be fed 
milk 2x per day.

Number of household members sleeping under nets / Number of household members

Percentage of children under 5 sleeping 
under nets during round 2

Number of children under 5 sleeping under nets in each household / Number of children under 5 in each 
household

 Percentage of children 5-18 years old 
sleeping under nets during round 2

Number of children 5-18 sleeping under nets in each household / Number of children 5-18 in each 
household

 Percentage of adults sleeping under 
nets during round 2

Number of adults sleeping under nets in each household / Number of adults in each household

Quantity of CSB consumed by children under 2 in each household / Number of children under 2 in each 
household
Quantity of CSB consumed by children 2-5 in each household / Number of children 2-5 in each 
household
Percentage of farmers who stored maize during the previous harvest season

Percentage of farmers who used fertilizer during the previous harvest season

Percentage of maize harvest stored in PICS bags by treatment farmers 

Number of hybrid adult chickens owned by farmers at endline

Number of local adult chickens owned by farmers at endline
Number of eggs produced throughout the study period
Percentage of households that used the lamps distributed by 1AF for charging phones and lighting

Number of fruit, timber and agroforestry tree seedlings planted and alive at endline

Minimum acceptable diet among children 6-
23 months old

Utilization variables

Table 3. Definition of secondary outcomes

Percentage of household members 
sleeping under nets during round 2

Quantity of CSB consumed per child under 
2 in each household (KG)

Outcome

Total one-month consumption

Average monthly total household 
consumption in months 1-12

Asset values after 9 months (USD)

Percentage of harvest stored in PICS bags

Number of tree seedlings planted and 
alive at endline

Household usage of solar lamps

Quantity of CSB consumed per child 2 to 5 
years old in each household (KG)
Stored maize

Used fertilizer

Number of hybrid adult chickens owned

Number of local adult chickens owned
Number of eggs produced



. Control mean Control SD
Treatment 

effect
Standard error N

Net direct income gains (USD) 71.9 212.4 144.2*** (17.7) 1,677
      Maize profits (USD) 45.8 177.6 121.6*** (15.7) 1,677
            Maize income (USD) 162.1 244.3 131.5*** (21.1) 1,677
            Maize expenses (USD) 113.8 127.3 9.3 (10.2) 1,677
      Energy profits (USD) -21.7 32.0 16.4*** (2.1) 1,677
            1-year energy profits (USD) -21.7 32.0 5.8*** (1.8) 1,677
                  1-year energy expenses (USD) 22.7 32.0 -5.0*** (1.8) 1,677
                  1-year energy income (USD) 0.7 3.0 0.6*** (0.2) 1,677
            Future projected HDF lamp value (USD) 0.0 0.0 10.6*** (0.5) 1,677
      Chicken profits (USD) 46.8 73.6 7.8* (4.0) 1,677
            1-year chicken profits (USD) 20.8 60.2 -7.6** (3.3) 1,677
                  1-year chicken income (USD) 43.8 55.9 28.8*** (3.1) 1,677
                  1-year chicken expenses (USD) 21.5 27.5 36.9*** (2.4) 1,677
                        1-year chicken feed expenses (USD) 19.4 24.4 32.4*** (2.2) 1,677
            Future projected value of chicken flock (USD) 25.7 27.8 15.2*** (1.7) 1,677

Notes: OLS estimates of treatment effects. For each outcome variabe, we report the coefficients of interest and their 
standard errors in parantheses. Column two reports the mean of the control group, column three the standard deviation of 
the control group's mean, column four the treatment effect i.e. comparing the treatment households to control households 
within villages, column five the treatment effect's standard error, and column six the number of observations. The unit of 
observation is the household for all outcome variables. The sample is restricted to households that did not expect to move 
residences before the endline surveys, that responded to all follow-up survey rounds, and are in the bottom 95 percentile 
of baseline consumption. We projected the future value of HDF lamps based on an expected lifespan of 5 years per lamp, 
an annual discount rate equivalent to the real savings interest rate in Tanzania, and an assumption that lamps are as likely 
to stop working in subsequent years as they were in the first year of ownership. We projected the future value of chicken 
flocks based on their estimated market value at the end of the evaluation period given chicken sale prices collected during 
the evaluation. Column four includes controls for baseline outcomes and cluster standard error at the village level. * 
denotes significance at the 10 pct., ** at the 5 pct., and *** at the 1 pct. level.

Table 4. Treatment effects for DIG and its components



.
Control 
mean

Control SD
Treatment 

effect
Standard 

error
N

One-month non-durable consumption after 9 months (USD) 89.0 59.8 10.2*** (3.3) 1677
      Lowest quarter of baseline consumption 63.3 40.4 17.7*** (5.2) 420
      Second quarter of baseline consumption 79.3 43.7 5.9 (4.7) 419
      Third quarter of baseline consumption 101.0 65.7 1.3 (6.4) 419
      Highest quarter of baseline consumption 112.0 70.2 16.5* (8.8) 419
Asset values after 9 months (USD) 2123 3043 -33.8 (159.4) 1677
      Values of HDF bundle assets after 9 months (USD) 31.0 31.5 17.9*** (2.0) 1677
Average monthly total household consumption (USD) 123.0 106.4 7.5** (3.7) 6708
      Average monthly non-durable household consumption in months 1-12 (USD) 94.7 58.8 5.8** (2.2) 6708
      Average monthly durable household consumption in months 1-12 (USD) 27.5 74.0 1.7 (2.1) 6708

Notes: OLS estimates of treatment effects. For each outcome variabe, we report the coefficients of interest and their standard errors in parantheses. 
Column two reports the mean of the control group, column three the standard deviation of the control group's mean, column four the treatment 
effect i.e. comparing the treatment households to control households within villages, column five the treatment effect's standard error, and column 
six the number of observations. The unit of observation is the household for all outcome variables. The sample is restricted to households that did not 
expect to move residences before the endline surveys, that responded to all follow-up survey rounds, and are in the bottom 95 percentile of baseline 
consumption.  Column four includes controls for baseline outcomes and cluster standard error at the village level. * denotes significance at the 10 
pct., ** at the 5 pct., and *** at the 1 pct. level.

Table 5. Treatment effects for consumption outcomes



. Control mean
Control 

SD
Treatment 

effect
Standard 

error N

Percentage of household members sleeping under nets during round 2 0.700 0.300 0.096*** (0.0) 847

   Percentage of children under 5 sleeping under nets during round 2 0.800 0.400 0.023 (0.0) 541
   Percentage of children 5-18 years old sleeping under nets during round 
2 0.600 0.400 0.119*** (0.0) 635

   Percentage of children 5-18 years old sleeping under nets during round 
2 0.700 0.300 0.075*** (0.0) 846

Quantity of CSB consumed per child under 2 in each household (KG) 0.1 0.9 4.1*** (0.3) 411
Quantity of CSB consumed per child 2 to 5 years old in each household 
(KG) 0.0 0.0 0.6*** (0.1) 806

Proportion of children 6 - 23 months in a household consuming the 
minimum dietary diversity 0.1 0.3 0.1* (0.0) 395

Proportion of children 6 - 23 months consuming iron-rich foods 0.3 0.4 0.0 (0.0) 395
Stored maize 0.700 0.400 0.153*** (0.0) 1.677
Used fertilizer 0.200 0.400 -0.042 (0.0) 1.677
Number of hybrid adult chickens owned 0.1 0.5 2.6*** (0.1) 1.677
Number of local adult chickens owned 3.6 4.1 0.1 (0.2) 1.677
Number of eggs produced 130.0 174.1 202.4*** (15.8) 1.677

Notes: OLS estimates of treatment effects. For each outcome variabe, we report the coefficients of interest and their standard errors in parantheses. 
Column three reports the mean of the control group, column four the standard deviation of the control group's mean, column five the treatment 
effect i.e. comparing the treatment households to control households within villages, column six the treatment effect's standard error, and column 
seven the number of observations. Approximately half of our sample was asked questions about their utilization of nets, leading a complete case 
sample of 847 households for the nets regressions.  Regressions involving a sub-set of our sample (adults, children 5-18 years old, children under 5, 
children under 2) have a lower number of observations than our complete sample. The CSB consumption regressions exclude households in Ikungi 
district, none of which received CSB as part of the bundle. The unit of observation is the household for all outcome variables. The sample is restricted 
to households that did not expect to move residences before the endline surveys, that responded to all follow-up survey rounds, and are in the 
bottom 95 percentile of baseline consumption. Column five includes controls for baseline outcomes and cluster standard error at the village level. * 
denotes significance at the 10 pct., ** at the 5 pct., and *** at the 1 pct. level.

Table 6. Treatment effect for intermediate outcomes

Maize 
outcomes

Chicken 
outcomes

Health 
outcomes



.

Average 
cost/farmer

DIG 
impact/farmer

SROI

Maize inputs $55.13 $121.60 2.21
Hybrid chickens $25.00 $7.80 0.31
Solar lamps $13.34 $16.40 1.23
Non-income-generating products $17.86 $0.00 0
Product delivery (excluding chicks) $8.35 N/A N/A
Chick delivery (conducted separately) $3.33 N/A N/A
Fixed staffing costs $1.54 N/A N/A
Maize-product-only bundle $65.02 $121.60 1.87
Income-generating products $106.69 $144.20 1.35
Full bundle $124.55 $144.20 1.16

Table 7. Social return on investment for income-generating products at scale

Notes: Cost figures in this table reflect estimated costs of the HDF program at-scale, as opposed to the actual 
implementation costs of the pilot that are displayed in Table I. We define an at-scale version of HDF as covering 
approximately one entire region of Tanzania (300 villages, with 300 households per village) and extrapolate the 
pilot costs to this large sample of households to estimate costs at scale. We expect that staffing costs per 
household in particular would be much lower for an at-scale version than the HDF pilot because they would be 
spread over a much greater number of households and less staff time would  need to be allocated to product and 
distribution process testing activities, which were already conducted during the pilot. Hybrid chicks were 
delivered separately from the rest of the HDF bundle, which is why the delivery costs for chicks is separate from 
the rest of the products. In addition to the lower staffing and delivery costs at scale, we expect the per-unit cost 
of hybrid chickens and tree seedlings to be slightly lower at scale, since HDF could purchase these at bulk via the 
1AF Core program instead of procuring them through local suppliers, as was done for the pilot. During the pilot, 
each bundle of 10 hybrid chicks costed $25.91 and each bundle of tree seedlings costed $5.70; at scale we expect 
these components to cost $25.00 and $3.00 respectively.



.
Size of treatment 

group
% of treatment at 

baseline
Size of control 

group
% of control at 

baseline
Total

% of total at 
baseline

Pre-analysis plan 640 100.5% 1280 100.1% 1920 100.2%
Baseline 637 100.0% 1279 100.0% 1916 100.0%
Round 1 604 94.8% 1237 96.7% 1841 96.1%
Round 2 627 98.4% 1254 98.0% 1881 98.2%
Round 3 623 97.8% 1236 96.6% 1859 97.0%
Round 4 620 97.3% 1229 96.1% 1849 96.5%
All rounds 581 91.2% 1183 92.5% 1764 92.1%

Notes: Sample size by research stage. For each research stage, we report the size of the sample and how it relates to the baseline 
sample size. Column two reports the size of the treatment sample, column three the treatment sample as a percentage  of baseline 
sample size, column four the size of the control sample, column five the control sample as a percentage of baseline sample size, 
column six the size of the total sample, and column seven the total sample as a percentage of baseline sample size. Sample sizes 
reflect the number of households that fully-completed all survey modules for all rounds, before the top 5% of households in terms of 
baseline consumption were removed.

Appendix Table 1. Attrition in sample size



. Control mean Control SD Treatment effect Standard error N
Total consumption during December (USD) 142.7 107.6 -19.3** (8.6) 550
Total consumption during January (USD) 129.8 87.8 15.4** (7.5) 576
Total consumption during February (USD) 132.2 85.8 1.6 (7.3) 551
Total consumption during March (USD) 115.5 71.4 0.6 (5.6) 551
Total consumption during April (USD) 114.5 75.2 -3.1 (6.2) 574
Total consumption during May (USD) 95.5 64.2 -2.1 (4.9) 552
Total consumption during June (USD) 88.6 74.9 27.8*** (9.8) 551
Total consumption during July (USD) 104.5 87.5 13.6 (8.3) 575
Total consumption during August (USD) 170.6 164.8 17.3 (14.8) 551
Total consumption during September (USD) 144.4 145.5 19.2 (15.4) 551
Total consumption during October (USD) 151.7 144.8 11.0 (15.2) 575
Total consumption during November (USD) 86.1 64.5 5.5 (5.5) 551

Notes: OLS estimates of treatment effects. For each outcome variabe, we report the coefficients of interest and their standard errors in 
parantheses. Column two reports the mean of the control group, column three the standard deviation of the control group's mean, column 
four the treatment effect i.e. comparing the treatment households to control households within villages, column five the treatment effect's 
standard error, and column six the number of observations. The unit of observation is the household for all outcome variables. The sample 
is restricted to households that did not expect to move residences before the endline surveys, that responded to all follow-up survey 
rounds, and are in the bottom 95 percentile of baseline consumption. Column four includes controls for baseline outcomes and cluster 
standard error at the village level. * denotes significance at the 10 pct., ** at the 5 pct., and *** at the 1 pct. level.

Appendix Table 2. Treatment effects for consumption per month



. Control mean Control SD Treatment effect Standard error N
Lowest quarter of baseline consumption 69.2 198.1 142.6*** (20.6) 420
Second quarter of baseline consumption 38.8 117.4 148.4*** (24.0) 419
Third quarter of baseline consumption 74.8 224.4 148.9*** (28.7) 419
Highest quarter of baseline consumption 105.2 274.6 136.0*** (39.2) 419

Notes: OLS estimates of treatment effects for DIG. The sample is split into quantiles, based on consumption at baseline. For each 
outcome variabe, we report the coefficients of interest and their standard errors in parantheses. Column two reports the mean of the 
control group, column three the standard deviation of the control group's mean, column four the treatment effect i.e. comparing the 
treatment households to control households within villages, column five the treatment effect's standard error, and column six the 
number of observations. The unit of observation is the household. The sample is restricted to households that did not expect to move 
residences before the endline surveys, that responded to all follow-up survey rounds, and are in the bottom 95 percentile of baseline 
consumption.  Column four includes controls for baseline outcomes and cluster standard error at the village level. * denotes significance 
at the 10 pct., ** at the 5 pct., and *** at the 1 pct. level.

Appendix Table 3. Treatment effect for DIG, by baseline consumption quantiles



Treatment 
effect se p-value

Treatment 
effect se p-value

One-month non-durable consumption after 9 
months (USD) 10.2 3.3 0.00 10.9 3.6 0.00
Net direct income gains (USD) 144.2 17.7 0.00 145.5 18.7 0.00
  Maize profits (USD) 121.6 15.7 0.00 123.1 16.5 0.00
    Maize income (USD) 131.5 21.1 0.00 131.1 22.3 0.00
    Maize expenses (USD) 9.3 10.2 0.37 8.1 10.8 0.45
Energy profits (USD) 16.4 2.1 0.00 15.4 2.0 0.00
  1-year energy profits (USD) 0.6 0.2 0.01 0.6 0.2 0.01
    1-year energy income (USD) 11.0 0.6 0.00 10.8 0.6 0.00
    1-year energy expenses (USD) -5.0 1.8 0.00 -4.2 1.7 0.02
  Future projected HDF lamp value (USD) 10.6 0.5 0.00 10.3 0.5 0.00
Chicken profits (USD) 7.8 4.0 0.05 8.7 4.1 0.03
  1-year chicken profits (USD) -7.6 3.3 0.02 -7.0 3.3 0.03
    1-year chicken income (USD) 28.8 3.1 0.00 28.6 3.2 0.00
    1-year chicken expenses (USD) 36.9 2.4 0.00 36.3 2.5 0.00
  Future projected value of chicken flock (USD) 15.2 1.7 0.00 15.5 1.7 0.00

Appendix Table 4. Comparison between treatment effects for trimmed and untrimmed samples
Trimmed sample Full sample

Notes: OLS estimates of treatment effects for DIG. The "Trimmed sample" figures denote treatment effects, 
standard errors, and p-values for each outcome variable in the leftmost column after excluding the top 5% of 
households as ranked by total one-month consumption measured during the baseline survey. The "Full sample" 
figures denote treatment effects, standard errors, and p-values for each outcome variable without excluding the 
top-consuming households.  Both samples are restricted to households that did not expect to move residences 
before the endline survey and that responded to all follow-up survey rounds. The unit of observation is the 
household.


