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Executive summary

Value chain development is an important strategy to achieve sustainable development for smallholder
farmers. It focuses not only on farmers and their direct livelihood but recognizes that sustainable
agricultural projects ought to consider the entire petida process by not only improving the factors

of production for smallholder farmers but also allowing for greater integration into local markets, and
the strengthening of key stakeholders along the value chain.

The Agricultural Value Chains Support Reof (n FrenchPr oj et d6Appui aux Fili r
(PAFA)) capitalizes on thealue chain approach to improve the livelihoods of smallholder farmers in

Senegal 6s Groundnut Basin. Approved™ 2000 tB008 and p
Agricultural Value Chains Support Project has, as of today, reached 37,73hbliss The project is

articulated around five componeni{d:) agricultural diversificatin and access to local marke)

development and structuring of regional value chains, (3) natigoaldination, knowledge

management and project management, (4) climate change adaptation, and (5) support services for

rural finance The project was innovative in that addition to providing support to farmergdbgh

producer organisations (POs), thevas an emphasis on improving concertation and collaboration

around key value chains.

This impactevalwetion focuses on the first stdbmponent of component 1, tleo us Pr oj et dO6 Acc
au Marché(SPAM), whichis a comprehensivesupport package consistimg certified inputs (seeds,

fertiliser and pesticides)gricultural machinery training on production best practices, innovative

practices, posharvest maagement and quality contrand a contractual agreement with a market

operator. This comprehensipackagavasfinancedover three yearpartly by the project through a
degressivesubsidyto the farmerandpartly bythe PO. In the first year, the project finad@&9% of

the cost, while 20%vascontributedby the PO; in the second year the projecaficel 60%, and 40%

in the third year, with the participation of the PO increasing each year. The targeted valugvehains

maize, millet, sorghum, niebe (cowpea), bissap (roselle), aviculture mamdichage (vegetable
gardeninghorticulture.

This studyassessethe impacof the SPAM subcomponent, as the support provided through a SPAM
addressedirectly the beneficiary POs and their membd@itsis is not the casef the othercomponents

T componens 2 and 3for examplei which supportagricultural development, e.g. Isyrengthening

the organisation ansupporting thecommunication of different actors inspecificagriculturalvalue

chain. The effects of the latter PAFA activities cannot be disentangled and thus might affect PAFA
beneftiary as well as nebeneficiary POsGiven that spillover effectsmight existat the PO and
household levelthis studyidentified a valid counterfactual byonsidering two control groups in the
analyses: the firsg fispillovero control group of norbendiciary POs within thePAFA regions, and

the seconda fipured control group ofnon-beneficiaryPOs outsidef the PAFA regions. Within each

PO a random sample of householdss selected. The aim of thimpact assessmeid to determine

the impact of PAFAon agricultural productivity; wellbeing measured in terms of incaamseethased
indicators and nutrition; access to mar ket ; and resi | i
Groundnut Basin. In order to assess these impactgh lspalitative and quantitativelata were
collected on household demographics, agricultural production, other income generating activities,
social capital and shock exposure, as aglbn PO level characteristics

The study finds that overall PAFA was sussll in increasing productivity for millet, niebe, and
bissap as well as encouraging farmers to diversify away from groundnut and into more remunerative
crops. Participating farmers were also more likely to commercialize their produce and sell larger
quartities in the marketsThese gains translated into higher ciepomeand overall gross income.
Impacts were larger for members of women and youth organizations. It is worth noting that while the



primary analysis conducted does not accounsfulfover effects the secondary analysis reveals that
accounting for these effects would leadt@nhigher projet impacts.



1.Introduction

According to statistics from the Internationi@bourOrganization, the agricultural sector employsre

than half (53 percent) of the Senegalese working populatidforld Bank 2018). Nonetheless, the
contribution of agriculture to the economy remains limited. In paest five years, agriculture
contributed between 15 GPR @orldBank 208).cTieerotv returo ofthb e countr
agricultural sector is in part due to low productivity levels, higher vulnerability in the wake of an
increasingly volatile and atic climate, and limited access to factors of production such as land and
farm inputs. In the Senegalese context, these constraints are further exacerbated by highly disorganized
agricultural value chains and low levels of commercializatidgriculture n Senegal, as in much of
SubSaharan Africa, is characterized by smallholder farming with small scale family farms responsible
for more than 95 percent df h e ¢ o praddctioy. GAdditionally, more than three quarters of
smallholder farmers cultivate grodnut, the main source of revenue in rural areas. In the last decade,
the crisis of the groundnut sector crippled the economy and income for rural households, especially in
Senegal 6s GrDvarsifidatian theelBramesemts an opportunity foedelopment.

It is against this backdrop that the Agricultural
Fili res Agricoles (PAFA)) was approved on Novembe
project was implemented between 2010 and 2014 ifitbeu r r egi ons mndfutB&enegal 6s G
Diourbel, Fatick, Kaffrine, and Kaolack. In the presence of a struggling groundnut industry at the

inception of PAFA, its objectives aimed at supporting the development of alternative crop cultivation to

increase food security in the project regions. These regions were particularly hard hit by the decline of

revenues from groundnut productiofhe intervention aimed to improve the income earning potential

of smallscale family farms through production diversdfiion into more remunerative and sustainable

value chains. More specifically, the project objectives were to 1) assist smallholder farmers in engaging

in the production of crops with high earning and commercialization potential through the establishment

of contractual agreements with market operatord 2) promote the development of value chains by

bringing together smdiblder farmers and other stakeholders to orgarsire to address constraints

identified within these sectors, at both the local and natievel.

In line wi t h nati onal priorities, PAFA ©posi tldions i tsel
d 6 Or i ent -SylvbRastora@@ASP) which hinges on the improvement of the income earning

potential and the living standards of rural commusitierough an agricultural sector that is more

productive, highly diversified, and resilient to climatic shocks. Moreover, PAFA also acts as an

important support for the strategic development goals established Gpteenment of Senegak well

as the gldbal commitments ratified by the country. As part of its national agricultural policies, the

government of Senegal is committed to propelling the economytinétbustainabldevelopment of the

agricultural sector, through increased productivity of the highest potential value chains, improved

infrastructure, and the establishmentaafredit system in rural areaBLAFA i s consi stent wi t
overarching objective of empoweg rural people to overcomgoverty and achieve food security

through remunerative, sustainable and resilient I
objectives 201 025 o f 1) i ncreasi ng qapaotiesin@sustamdble agndopl ebds p

resilient manner; 2) increasing and improving their engagement in markets, while enabling them to
better manage related risks; and 3) strengthening the environmental sustainability and climateeresilienc
of their economic activities.

PAFA conssts of five components: (1) agricultural diversificatiand access to local mark@)

devel opment and structuring of regional val ue <chai
national coordination, knowledge management and project manage#)asitm@te change adaptation,

and (5) support services for rural finance.

1 Engl.: Generalaw governing agriculture and agroforestry



This impact assessment will focus on ti8ouspr oj et d 6 a c c (SPAMpa (sukproj@csr ¢ h ® s
submitted by producer organizationahd funded by PAFA under its component 1. SPANhé main

support for smallholder farmers under PAFA. The approach is innovative as the comprehensive support
that farmers receive from the outset, is structured such that they are empowered during the project (for
at least three years in each SPAM). Acdeseputs, technical advice and linkages to markets are all

put in place by the project. Financing these wittegressivesubsidy enables farmers to gradually stem

the costs for production themselves using the increased yields and gains from betterchoartioeits.

In its conceptionPAFA intervenedat differentstagesof the value chain, from supporting farmers in
focusing on particular crops to accessing markets and strengthemjirgtors along the value chain.
PAFA is an important project in thidttakes a value chain approach to agricultural developméich
attempts to intervenalong the production process of a product, from planting to commercializbtion.

the early 2000sthe value chain approach to development emergetha solution to reet poverty
reduction goals. Value chaitevelopmentefers to linkages created between smallholder farms, input
providers, buyers, and processors essential to brirgprgductrom production to consumption. That

is, the set of activities that add valteagricultural products from farm to forRro-poor value chain
devel opment can be defined as a fApositive or desir
productive operations and generate social benefits: poverty reduction, income and emiployme
generation, economic growth, environmental performance, gender equity, and other development goals
( UNI DO, S&ch dninjegraied approagives the opportunity to add value at different stages of
the agricultural production process and benefits only farmers but a wider range of stakeholders
along the value chain (Roduner, 2007; Donovan and Dietmar()2Moreover, value chain
developmentas been found to increaf@mess éfficiency andprotect farmers fronmisks that arise
during production ad potential markefluctuations (Chen et al., 2015; Mutura et al., 20Mhile

value chain interventions have the potential to change the lives of the most vulnératdeis
surprisingly very scant evidence of the poverty impacts of such interventionfact, mpact
assessments of value chain interventionsrame possiblydue to the high specificity afuchprojects

which makes them hardieproducible, andhe inherentomplesty due to the many actors involved.
Among thefew studies that exisgnly a handful are rigorously designéidoido and Child, 2013).

This impact assessmeatids to recent studies that investigatee impact of agricultural projects
related to research and technology adoption (Emerick et al., 2016; Vegkaait, 2017), and
agricultural extension services (Davis et al., 2012; Kondylis et al., 2017). Interventions aimed at
improving agricultural productivity, along with strengthening farmers linkages with markets, are largely
effective as they allow farmetts take advantage of economies of scale and/or economies of scope
when marketing their crops.

This stug 6 contribution to the literature is thus twofold. Firdt,contributes to knowledge by
evduating the impact of an intervention along multiple vathains. Second,this study adds to
knowledge by having a robust identification strategy where counterfactualsare constructeda

control group in the PAFA regions, to factor potential spillover effectsand acontrol group in
adjacent regions, whicils considered &@pured control groupand allowsusto identify the neimpact

of PAFA, free ofindirect effects In what follows, theprojecttheory of changes presentedfirst
detailing the channels through which project activities are expected to lead to changes in outcomes
and impacts, followed byhe research questiorthat this study seeks to answeéiext, the data
collection process and the methods used to construct a saligle and perform the analysis are
explained. Thenthe main resultare presented=inally, thelessons learnedre discussed



2. Theory of change and main research questions

2.1 P AF Atheory of change

The aim of the theory of change analysis in ithpact assessment at hand is to assess whether the
mechanism put in place by PAFA achidwbe intended objectives at each step of the causal chain.
Elaborating, in further detail, the different steps in this causal chain, as well as providing qualitative
and empirical evidence to prove its validity is the main objective of this impact assessment

The underlying hypothesis is that farmers lack access to inpalsadequate access commercial
markets and conduct their farming activities with inefficiergans. Due to these constraints farmers
lead insecure lives with little prospect of independently increasing productivity, access to markets and
food insecurity. PAFA s m@pportmechanisms, namelye degressivesubsidy to finance input
acquisition the training received, anthe support toestablishcommercial contracts with market
operators aird at solving these obstacles. UltimatgRAFA supportwasexpected t@enerateéhigher
cropyields, better productivity, and higher share of commerciallyanketed output. These results in
turn shoulchaveallowed higher farm incomes as well as higher resilience of farm households towards
unexpected events. PABA targeting approachonsisted ofgranting higher scores at the SPAM
approval stage to PQgith young and female membengp and was preciselyo ascertain that these
groupswould considerablypenefitfrom PAFAG support.

Two main support mechanisms were developed under PAFA. The first support mechanism, SPAM,
provided technical assistance and agricultural inputs to farmer organizations through a declining
subsidy (80% in year 1, 60% in year 2 and 40% in year 3), and Stesegl the linkages between POs

and buyers of agricultural produce. The second mechanism provided financial and organizational
support to develop and organize actors along the s@dia#, and supported solutions to constraints
that these actors identifiedThis mechanism relied heavily on the CNIF (Cadre National
Interprofessionel Filiere), mulprofessional interest groups that formed around the respective
agricultural produa The CNIF combine actors from different professions related to particulae val
chains. These groups identify obstacles to the development of the value chain, propose solutions and
are, at times, also part of the solutions. For example, it is the CNIF that manages the distribution of
barcodes that were acquired to allow marketihg?©@ output in supermarkets. The CNIF, to give a
second example, also mandge platform thatprovided weather information via cell phones to
farmers. The CNIF alsplayedthe role of mediator anarbitratorin case of conflict between different
actors inthe value chain.

The underlying concept of PAEA SPAM program was to allow producer organizations to apply for
the support in the production of millet/sorghuniebe beans, bissap, sesanvillage aviculture, or
maize Farmers could thus choose the vatbain in which they wanted to be supported. Regardless of
the value chain this support consisted , in general, of the following:

9 Access to high quality production inputs such as certified seeds, fertilizer, pesticides, storage
material and farming equipme

9 Technical consultation provided by-salled familyfarm consultants who are local resource
persons endogenous to the context (i.e. the local person).

1 Access to farming equipment

1 Access to innovative agricultural technologies, such as new cropiesméth shortened
maturity cycles to increase climate change resilience of the producers, new planting techniques,



soil enrichment practices using phosphor and the association of pisciculture (fish farming) to
gardening.

Further under component 1, PAtovided support to set up villagevel aviculture/poultry
production. To this end, the POs received animals as well as infrastructure required (such as aviaries)
for breeding and technical advice.

In addition to the productiefocused support, PAFA recoged that increases in yield and
agricultural production alone would not achieve the ultimate objective of increasing livelihood
security and incomes amallholderfarmers unless the produsaswell-packaged and professionally
commercialized with, optially so, value added to the raw product. To achieve commercialization of
the PO production, PAFA supported the creation of contractual linkages between beneficiary POs and
market operators (MO) that purchase and commercialize tiie $(@put. To improve srage and
packaging, storage locales were constructed camdresput in place where POs can acquire high
quality packaging material to maintain the freshness and the quality of the agricultural produce after
harvest. To foster the financial sustainability of the project, and to prevent POs from depending on
PAFA's supprt in the long term, a declining subsidy system financed the provision of the SPAM
support. Over the course of three years, the share of the costs that the beneficiary POs have to cover
by themselves increases each year. In year one of the SPAM, they$ 0Pk, in year two 40%, and

in year three 80%. The beneficiary POs pay these shatésdrfrom their increased production and
increased marketed output.

The theoy of change presenteid Figurel focusesexclusively on the activities funded by PAFA

undeg component land laysout the mechanism through which PARAtemped to achieve the

expected changes in the lives of eneficiary farmerP AFA6s monitoring data on pr
yields gives suggestive evidence that the implementation processlegsateand naive beforand

after comparison based on these data indicate | ar g
results,this impact assessmentill analyse to what extent theputs and activities, presentadthe

first column of Figurel generated thexpectedutcomes and impaxas well as possible unintended

impacts It is alsoof fundamental interest to enquire whetkiee POs received the support packages

they requested under SPAMHhich services and inputs POs received explicitliyether the timing of

the provision was appropriate, whether the quality, e.g. of seeds, was adequate, etc. A mix of
guantitative data, qualitative data and BAFAOs admi
how successful PAFA was.

At the output level, PAFA was expected to generate a large number of cutfust, farmerswere
trained on produ@n technologiesagriculturaltechniquesandmarketing techniquessecondfarmers
receivedtechnical supporfrom the family farm consultantswhich were assumed to tsafficiently
available and competent to introduce farmers to novel farming methods and techniques and to address
issues farmers faced in the application of these methods and techéigties.PO level, PAFA was
expected tdink the beneficiaryPOs to market operatort guarantee antoost harvest sales; as well

as providing ®rage facilitiesand introducing posharvest management systenin addition PAFA

had an infrastructure component bothtla¢ farmer andthe PO leve] wherebyfarmers received
infrastructuresupportand packaging mateis for postharvest management. Last, PAFA supported
local infrastructural development by paving and rehabilitating a number of rural roads as and
installing irigation systemncluding canaldining.

Within eachPAFA PO not all members were SPAM beneficiariand to this endas mentioned, a
within PO targeting approach was conducted in order to choose as SPAM recipients, the most
vulnerable, including womerand youth Therefore this impactsaessment willalso investigate



whether there is a differential impact between SPAM and3AM beneficiaries within a PAFA
PO.

This impact assessment will focus on a number of outcofiesepestnotablyincreased agricultural
production across the A supported crops via increased yields, asage of high quality inputnd
will assesslifferential impact across SPAM and n8RPAM recipients within PO and between PAFA
and noRPAFA POs. Secondly, marketed harvest as well as other market access suwokies value
of sales will be compared between SPAM and-88AM beneficiaries Ultimately, increases in
agricultural production should translate into incrsageincome andassets accumulatioss well as
into higher food security and increasesilience to withstandconomic as well as climatghocks.
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ASSUMPTION

Figure 1: Theory of change

INPUTS AND ACTIVITIES |2

OUTPUTS

OUTCOMES

IMPACTS

Degressive subsidy

9 Input and support
packages provided to
POs
Agricultural and
management training
delivered to PO members

Strengthening of market
linkages

1 Linkages between POs
and commercial traders
strengthened though
established contractual
agreements

Improved infrastructure

1 Paving and rehabilitation
of rural roads

1 Building and development
of storage facilities

1 Introduction of postharvest
management system

1 Installation of irrigation
systems and lining of
canals

9 Farmers trained on
production technologies
and techniques

9 Farmers trained on
marketing techniques

9 Farmers received
infrastructures and
packaging materials for
post-harvest management

9 Farmers received support
from Family Farm
consultants

9 POs linked to market
operators who buy harvest

9 Rural roads paved and
rehabilitated

9 Storage facilities built and
developed

i Post-harvest management
system introduced

1 Irrigation systems installed
and canals lined

9 There is room to increase
productivity by improving
access to inputs and
training

9 There is sufficient
commercial demand for
PO produce

1 Existing public deliverers
of extension services have
competencies and
capacity to support POs

9 Family farm consultant
can improve farmer
competencies

9 Farmers adopt production
technologies as a result of
training effectively

1 Inputs and materials are
available and appropriate
for context

I Linkages to commercial
buyers are effective

Household Level

1 Increased use of high
quality inputs

9 Increased use of small
mechanization

9 Increased market access

1 Increased access to
information on farming
practices

1 Increased productivity and
profitability

PO Level

9 Increased
institutionalization

1 Lasting commercial
arrangements are
established

Household Level

Household Level

i Increased income and
expenditures

1 Increased food security

1 Increased resilience

9 Reduced post-harvest
risks

9 These impacts also
materialize for women and
youth

PO Level

1 Ability to link to markets
increased

9 Ability to mobilise financial
resources increased

9 Farmers are capable of reimbursing subsidy (major condition

for renewed support from PAFA)

1 Markets for inputs, credit, output, etc exist and function well
9 Farmers face no other barriers to improving productivity such
as land access, soil quality, capital, weather conditions etc.

PO Level

1 Sufficient ability to govern the POs by members
1 Reasonable and continuous support to POs by national and

local government




2.2 Project coverage and targeting

Geographically, the project covers four regions in the Groundnut Basiablynddiourbel, Fatick,
Kaolack and Kaffrine as seen in figure. 2n these regions, the project targeted specifically 1)
vulnerable agricultural householtisat are landless or own land but wgthor soil quality, and with

low levels of income and crop diversification, low agricultural revenues, 2) women, and 3)
unemployed rural youth. The targeting strategy was at the core of the choice of value chains to be
included. The project identified existing food crops where production was mostly subsisterittlevith |
commercialization structure, and in which poor households, young farmers, and women were heavily
involved or those which they could easily joi.gender and vulnerable group specialist was hired
during project implementation to ensure the inclusibrthese groupsThesevalue chainsnclude

millet, sorghum, sesamaijebe bissapaviculture, maize, ankorticulture

Figure 2. Project areas
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Beneficiary selection for the SPAM followed a demdrabed approach supporting snsdble
agricultural producers associated BOs PAFA conducted dissemination sessions during which
project content and application process where presented to potential beneficiaries. Farmers then
organized and submitted applications selecting themseleddrtt of support they requested. Support

was structured along different value chains and could either cover production of millet/songgtuen,
beans, bissap, sesame, village aviculture, maize, or rice. According to discussions heldewit
project teamthe following stylized process was applied during the selection of the beneficiary POs:

1 PAFA conducted information sessions in the targeted localities and disseminated information
about the planned project activities via radio broadcasts.

1 POs filled in he prequalification forms. The prgualification forms list characteristics of the

PO as well as names and characteristics of the most vulnerable PO members.

POs submitted prqualification forms to PAFA.

PAFA verified completeness of the informatiomyided.

PAFA conducted verification missions to verify the correctness of the information provided.

=A =4 =4 =4

The prequalification forms were anonymized and submitted to a selection committee, the
Regional Approval Committee (RAC).
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1 The RAC reviewed the anonymitéorms and evaluated them by applying the criteria and
weighting mechanism defined by PAFA.

1 The RAC selected the highest scoring project proposals. The number of projects that were
approved depended on the funding available.

1 The RAC submitted a selectigeport to PAFA listing the results of the scoring exercise and the
projects selected for funding.

This selection process led to a total of 316-putjects (PAFA, 2017) that were supported during the
PAFA implementation periothrough the SPAM subsidy

During its implementatiorPAFA was designed to be highly comanal and nowestrictive specially

relating to the training component. One selected mer(ther family farm consultantin each PO
received training on best agricultural practices and was to share the knowledge acquired with other PO
members. These local farm consultants vwesreouraged to not limit trainingnd consultatiomo their

POs but open it up to all interestedoMover, part of the PAFA intervention was implemented at
higher levels of aggregation, such as the infrastructujegisoand the irrigation systems, whiekre
constructed athe village level. Such a sap could lead to potentialpillover effects witin villages

or even communei PAFA regionsand couldresult inan underestimatioof the project smpact
(Imbens and Angristl994). Potentialspillover effects within PAFA POs and PAFA regions will be
taken into acaant as part of this impact assessm

2.3 Research questions

By analysing the theory of change presented in Figuiewas possibldo formulate thefollowing
research questiortatwill be explored in this impact assessméitably:

Question I Do households belonging to POs that received SPAM have higher agricultural
productivity and production outcom#san those that did not benefit from SPAM support?

Question 2 Are households belonging to POs that received SPAM better connected to raatkets
traders than households in POs without SPAM support? Specifically, do households in SPAM POs
sell more of their crop in the market relative to households in POs without SPAM, in relative and
absolute terms?

Question 3 Do households belonging to POsithlieceived SPAM generate greater levels of income
from crop and livestock production than households belonging to POs without SPAM support?

Question 4 Do households belonging to POs that received SPAM hatter nutritional outcomes
compared withhousellds belonging to POs without SPAM support?

Question 5 Are households belonging to POs that received SPAM more resilient to negative
exogenous shocks than households in POs without SPAM support? Specifically, do they experience
less frequent and less severe shocks, and are abkdtésrecover from shockthan households in

POs without SPAM support?

Question 6: Do households belonging ta womerd $20s exhibit higher benefits compared with
households belonging to other types of POs

Question 7: Do households belonging touth centric POsxhibit significant impacts in the above
mentioned domaicomparedo households belonging to other types of POs

13



Question lwould assesa key outcomeccording toPAFAG theory of changee.g. to what extent
access to PAFAupport and servicesould allow farmers to increase the output they produce per
cultivated hectare. In Senegal, a study shows that farmkosbenefitted from national subsidy
programs had higher production efficiency than those that did not receive any subsidy (Seck, 2016).
Elsewheran subSaharan Africastudies foundertilizer subsides toincreag crop production. In the

case of maize farmers in Malawi, fertiliser subsidy led to increased production not only within the
same year, but also in subsequent seasons (RBikegrt andJayne, 2010), whereas, Zambian
farmers experienced a 89 percent growth in output directly attributable to the Fertilizer Support
Program (FSP) launched by the Zambian government (World Bank, 2618jdition,an impact
assessment bymbler et al.(2016) in Senegal evaluated the impact of a cash grant for farm
management practices on agricultural production among -scelk farmers it found that
beneficiaries ha higher farm productivity and livestock asset accumulation. The analysis also
extenadto unmovering that the cash grant alledfarmers to invest in farm inputs namely chemical
fertilizers to increase crop yields.

Queston2addresses the theory of changeés outcome | evel
members increased. The indicators of relevance here measure the extensive and intensive margin. That
is, whether farmers marketed any of their output ansb,ihow muchthey marketed in total, or how

large the share of their marketed output is as compared to their total prAduseber ofempirical

papers estimate the impact of market access interventions. Earlier literature emphasizes the role of the
transaction cosbarrier in preventing smallholder farmers from participating in formal marketing
channels (de Janvry et al., 1991: Key et al., 2000). Thus, policies or interventions that may reduce the
transaction costs facing farmers when marketing their crops may rhplpve farm revenues, and

thus have a direct implication on welfare outcomes (Besley and Burgess, 2000; Chamberlin and Jayne,
2013). Previous studies have shown that agricultural projects specifically focused on strengthening the
linkages between fasnandmarkets help increagarm productivity byboostingmarket participation
opportunitiesfor beneficiaries (Cavatassi et al., 2011; Gonz&lezes et al., 2014)This study
complements the existing literature by focusing on evaluating market linkagestharedore
examining the complementary effects of interventions related to improving farm practices and market
accessThis is in turn also a test of one of the underlying assumptions of the theory of change, namely
that PAFA provided support that was laufithough important for increased productivity.

Question 3 and 4 assess impacts across income and nutritional outcomes. Spedificatipact
assessmentill estimae whether there aresignificant differences in income from agricultural
activities exst between beneficiary and comparison farmers after controlling for observable, and
optimally also for unobservable, differences.

To validate whether PAFAs intervention increased resiliencecen&reof focus of questiorb, an
analysis of farmerbehaviourin the face of shocks will be conducted

Question6 and7 will assess differential impact for subgroupR® typessuch as women and yibu

POs The analysis of effectsonsgor oups | i ke women and youth was at t
from the outset. Testing how thespes of POfave been affected is at the heartloésequestions
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3. Impact assessment design: Data and methodology

3.1 Data

While there is suggestive evidence frompro@AFAGS moni
attained some of its desired goaksing naivebefore and after comparisqrthis impact assessment

design aims to establish causalitf/the PAFA project in the fouregionsof intervention.A mixed

methods approads employedo study the overdimpacts of PAFA Given that the intervention was

implemented at the PO level, a quantitative PO questionmairevell as adetailed household

questionnairewas administeredo a sample of beneficiary and nbeneficiary PO memberand

leaders

Qualitative data

Qualitative interviewswvere conductedvith different stakeholders notabprogram managys, PAFA
field workers community leaders, beneficiaries, Aoeneficiaries, and other relevant stakeholders to
both validate theselection of the comparisonaups (described in the next section) and assess
implementation delivery as well dke levels of input, activities and outputs. The mairalitative
methods of enquirywere expert interviews (Key Informant Interviews, Kiind focus group
discussions (FGB). Two sets of FGDswere conductedl) with project management unit staff,
technical staff, providers and selected village leaders in every project region; 2) with beneficidries
non-beneficiariesPOs in all regionsOne set of Klls with projeananagement unit staff and selected
village leaders in every project region.

Experts indepth interviews were used to ascertain that 1) the sample of villages ceszn
appropriate for the quantitative data collection and 2) that PAFA targeting, prodsiomputs,
processes and outputs were delivered as planned. Relative to this lasampe@xyploration ofwhich
implementation challenges the SPAM face@s conductedt different levels, and how these were
mitigated. Shedding light on these issuesld¢aontribute to understanding the effects that wél
observe in the quantitative analysibline Klls were conducted with PO leaders, representatives from
PAFAOGS partner organizations, namely ANCAR, DRDR,
leaders Additionally, eight FGDsof 8 participants each, split equally between beneficiaries and non
beneficiaries were conducted as well as 4 FDGs with locklstdders of the millet, niebe, bissap,
andaviculturevalue chains. Thesgere held separately in eagion in selected villages through the

help of the project management unit to get at expected and unintended impacts, as well possible
spillover. Participation in the surveys was designedntclude the underepresentedroups targeted

by the project, guth, and womenwhile the FGDs irKaolack and Kaffrinencluded both men and
women, there were onlyomenin Fatick, and only mein Diourbel. The results from the qualitative
survey were used to inform the design of the quantitative questionnaireg anaisfovalidation.

Summary of qualitative data findings

From the qualitativenterviewsit was found thathe agriculturakectorin the target regions had lost
dynamts due to the decline of the groundnut production, which also affected the vitatlity BIC.

PAFA succeeded in reinvigorating the producer organisations by supporting the production of crops
that were formerly only planted for own consumption by farmers. PAFA beneficiaries expressed high
satisfaction with the support thegceived. According téhe respondentsn the qualitative enquiry

the technical training and provision of technologgreasedheir production and yieldd-urther, the
brokering of contrastbetween farmers and market operators was essentilibtofarmersto market

their output lucratively They stressed that in addition to th&nsin yields that individual farmers
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achieved, the organisational support that PAFA provided to the value chain a@eralso
worthwhile as it empowered PAFA POs to takeadeadership role in their communities.

Thesenew-found spirits were thus not only perceived to benefit the direct Pédfieficiares but also
farmers who did either not belong to PAIP®s or members of PAFA beneficiary POs who were no
direct beneficiaris. PAFA encouraged direct beneficiaries to share their new knowledge with others
in their community and also gave them access to particular PAFA outputs, for example, storage
facilities andimproved seeds.

Information collected throughualitative intervéws further pointed out that effects might not have

been homogenous across vallmins. While they had earlier ndb e en c on s i-cdreorpesdd ficash

intensive training in processing for millet and bissap production made thesgrdpayparticularly
profitable Also, the specific focus that PAFA put on young and female farmers supposedly led to
these groupsd experiencing particularly | arge
making power . Supposedl vy, PAFA ak ©onigrata fowaedlsl t o
urbancentreswhich the regioassufferedfrom since the stalling of the groundnut production.

Quantitative data
Counterfactual identification

The identification strategy for the quantitative enquiry of this impact asses$mergjuires e
construction of a valid counterfactual, without which any impact is hardly attributable to the project.
To this end, the following strategy was put in plaest, throughconsultation with project staff and
other local stakeholders, communesmilar to PAFA target communes in theagroecologial,
socioeconomicand other relevant conditions were identified in the regions of interventiorinand
adjacent regionsThrough this expetbased consultatiorll3 eligible controlcommuneswere
identified. The regional nature of some of the interventions implemented under RAd&Agl serious
doubts for whether a pure control group, thatl not been exposed directly or indirecttpuld be
identified within the project regions. To ward off this isscenmunitieswere identified in adjacent
regions with similar geographic, climatic and see@mnomic context and where farming and market
conditionswerevery similar. Comparison POs from these communities were not exposed to regional
PAFA activities at thand thus represeed a good approximation of the counterfactual thoe PAFA

POs. Regarding comparison POs thatrevdrawn within the PAFA regions, the interventions
implemented at the local level directly benefited only the selectedHr®sgever, smallholder farmers

that were ineligible, or eligible but not selected, might have been indirectly affected by PAFA. If these
non-beneficiaries become part of the control group, it will be unlikelyttigimpact estimatewill be
unbiased andrée from contamination effects. In other words, the stable unit treatment value
assumpbn (SUTVA) would be violatedBased on conversations with the project team and local
officials, communes where only one PO benefitted from SPAM were considered gaetantrol.
Spillovereffects in these communes, if any, would be negligible.

Once the 113 control were identifigdrough the consultatioran enumeratioror censuof POs in

these communes was undertakeréoable to obtaim valid PGlevel counterfatual. Due to budget

and time constraints, a full enumeratiohPOswasnot feasible. In each commune, a list of POs was
obtained fromth&€ e nt r e d 0 Yepgpanent LaaalCABR) to proceed to a listing of at least

25 POs per commune, equally dividéd the extent possible, between formal and informal POs. The
threshold of 25 was determined based on the largest number of PAFA POs in the high intensity
communege.g. communes with a very high number of PAFA P®¢hen the list available at the
CADL had 25 or less POs, a full enumeratiovas conductedHowever, to avoid introducing
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convenience bias, when tmmberPOs exceeded 25, a random sample of 25 was selddtid.
enumeration exercisallowed the identification ohon-beneficiary POs with similacharacteristics
(main culture harvested, age since creation of the group, number of members, main crop, geographical
location and formalization stafut the beneficiarfPAFA POs. The enumeration exercise concluded
with a list of 3,038 POsThe listing or enumerationexercise collectedelevantinformation to
determine the PO level counterfactual notatilg number of members, the number of male and
female members, the gender of the PO leader, the R@icrop andincome generatingctivities of

the POsas well aghe year when the PO was created. This information was paramount to get at the
observable characteristics tife POsand to be able to establish a sample a group of treated and
comparison POs with similar characteristics at baselihés enumeation effectively constituted the
sampling frame from which a valid counterfactaalld be determinedndfrom whichthe PQlevel
samplewas drawn

Spillovereffects

Spillovereffects are present at different levélthin treated regions thergas ahigh probability that

the presence of PAFA POs would positively influence the outcomemmparticipants In other

words, the stable unit treatment value (SUTV&uld beviolated within regions butould hold

across them. Some of tispillover effects were induced during project implementation, while other

spillover s also arose from social interactions betwbeneficiariesand non-beneficiaries Trained

family farm consultanterc onsei | | er ° | 6(EEFpwereiencautaged to sharathe | i al e
acquired training with non PO members.

First, non-beneficiaryPOs in the intervention regions (Kaolack, Kaffrine, Fatick, and Diourbete

likely to benefit from some communal aspects of the treatment such as road rehabilitation, irrigation
instalmentsand storage facilities. These can be thought of as exterspilityvers (Angelucci and di

Maro, 2015). A number of studies have found evidence of such effects with for example the
introduction of genetically modified seeds which changed the genetiec fab nongenetically
modified species (Riebest al.,2011), or in health related interventions wheosbeneficiares of
deworming drugs were found to be less likely to fall sick as a results of deworming of other children
in theneighbourhoodMiguel and Kremer, 2004). Non PAFA POs are likely to benefit from irrigation
ard storage facilitiesand gain better access to markets as a results of improved infrastruature.
addition, based on conversations with the PMU and IFAD staff in Senegal, in PAlAhseé other
development agenciebad implemented development intent®ns similar to the PAFA ones
generating additional contamination in the control POs in PAFA regions.

Second, there are possitspillover effects at the household level. In fact, within PAFA POs, while

only selected households benefitted from the SPAMecdotakvidence and conversations with the

PMU revealed that PO members that did not benefit from SPAM received assistance in the form of

seed inputs, fertilizer, and pesticide from SPAM beneficiaries within the PO. In some POs, SPAM
beneficiaries pooled their r es eaneficiaries inttleeir RO ovi de a
Thesespillovers effects are based on social interactionerSPAM recipients share their resources

with family, friendsand fellow members in the P@sd might influence them in adopting improved

seeds for planting. Such effects are common in the literature. An impact evaluation of a conditional

cash transfer itMexico found that norbeneficiaries were increasingly likely to enrol in school as a

result of peer effects from the treatment (Bobonis and Finan, 2009).

Therefore as part othis impact assessmespillover effects at both PO and household lewdl be
taken into account in order to avoid a potential underestimation of the project i#pagztlucci and
Attanasio 2006).
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In practical terms,n order to capture and isolapillovereffectsacross PQgswo control groupsvere
constructedl) afi p u coetil groupwhich consisted of comparisoROs sampled from neRAFA
regions (Thiés, Louga, and Tambacounda) with similar geographic, climatic andesonimmic
context and where farming and market conditiomese very similar, 2) a fispillovero control group
which consisted oPOs sampled withiPAFA regions

Based on the PO cengeisumeratiordata, propensity score matching (PSM) was condudtedrrive

at the final sample used for the analysig.matching was done prior gamplingthe final numier of

POs in the various groups, and the households within the selected ROfirst stage consisted of
usingthe nearest neighour PSMwith 5 neighbourso pair treatedPAFA POswith control POsboth
within the PAFA regions and outside regiohased ora humber of kepaseline characteristigghich

were collected during the census process, natétynumber of years sincde creation of the PO

the registration status at creation, whether the PO had an administrative board, whether they had a
storage facility, whether the P®asall female, the number of members, the primeajue chains,

land area cultivated, quantity harvested, and funds available at crefsitideching ensurethat POsn
treatment and comparison groupserecomparable irthe key baseline characteristicBables3.1 and

3.2 showsummarystatistics on the mataig variables before and aftematchingfor the two sets,
respectivelythe PAFA POs versus control POs in PAFA regions, and PAFA POs versus control POs
in nonPAFA or ouside regions In Appendix1, two figures are presented, showithg propensity
scores distributionf the treated and contrghoupwithin PAFA regions (fgure 2) andof the treated

and control POs outside the PAFA regions (Fi®)reThe common suppoassumption holds in both
cases The diagnostictess conducted fier matching(Rosembaum and Rubin biag)dicates a
reduction in themean bias from 20.4% before matching to 3.5% after matdbinthe first set, and
from 89.3% before matching td4.8% afer matching for the secondhese levels are below the
critical level 0of25% suggestedy the literaturRosenbaum and Rubin (1985). These results indicate
thatthe procedure was successfubatancing the distribution of covariates between the trea@sl
group andhe within PAFA region controbs well as between the treated POs group and the outside
PAFA region control group. In lay terms,suitable counterfactualas found both in PAFA regions,
and outside regions.

Table 3.1: Summary statistics kefore/after matching between treament andcontrol POswithin PAFA regions

- Before matching After matching Reductio
n
Treat. Control value Bias Treat Control Bias in Bias
Mean/SE EERINTS P Mean/SE Mean/SE value (%)
Vears since 16.54 12.86 0.000%* 16.42 1592 056 78.73
creation 0.67 0.17 . . 0.69 0.41
Number of 3.73 3.42 0.000*** 23.3 3.70 3.69 0.95 0.56 97.61
members (log) 0.06 0.01 . . 0.06 0.04
PO was formal 0.65 0.63 0.511 3.95 0.65 0.65 0.90 1.03 74.02
at creation 0.03 0.01 . . 0.03 0.02
Female 0.35 0.56 0.000*** 43.8 0.36 0.38 0.64 3.71 91.52
organization 0.03 0.01 . . 0.03 0.02
Had an 1.95 1.95 0.608 4.46 1.96 1.95 0.54 6.10 -36.88
administrative
board 0.01 0.00 X . 0.01 0.01
Areaharvested 3.08 2.00 0.000*** 69.5 3.06 3.03 0.83 1.81 97.40
at creation
(Iog) 0.10 0.03 _ : 0.10 0.07
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Funds available
at creation
(log)

Harvest at
creation(log)

Had a storage
facility

Value chaimat

creation

Bissap

Maize

Millet

Sorghum

Rice

Sesame

Horticulture

Aviculture

No. of
observations

10.79

0.14
10.34
0.18
0.12
0.02

0.14
0.02
0.28
0.03
0.74
0.03
0.02
0.01
0.03
0.01
0.05
0.01
0.10
0.02
0.16
0.02

258

10.18

0.05
9.14
0.06
0.06
0.00

0.15
0.01
0.36
0.01
0.79
0.01
0.03
0.00
0.02
0.00
0.01
0.00
0.12
0.01
0.06
0.00

2591

0.000***

0.000***

0.000***

0.501

0.013**

0.053*

0.720

0.506

0.000***

0.224

0.000***

17.6

41.9

17.4

3.09

9.24

9.16

2.15

1.43

17.9

129

28.7

10.79

0.14
10.33
0.18
0.12
0.02

0.14
0.02
0.28
0.03
0.74
0.03
0.02
0.01
0.02
0.01
0.03
0.01
0.10
0.02
0.16
0.02

243

10.86

0.09
10.29
0.14
0.13
0.01

0.13
0.01
0.28
0.02
0.76
0.02
0.03
0.01
0.03
0.01
0.02
0.01
0.11
0.01
0.19
0.02

1558

0.68

0.87

0.64

0.86

1.00

0.67

0.55

0.80

0.37

0.73

0.32

Note: Asterisks represelaivel of statistical significance oftest/chisquared test of difference in means-0%1*; .05 - **; .1 - *;

Point estimates are sample means. Standard errors are reported below.

3.26

1.30

4.52

1.40

0.00

3.47

5.03

2.07

8.77

2.54

10.3

Matching is done on 2591 POs sampled from commimié® PAFA intervention regions, namely, Diourbel, Fatick, Kaolack and Kaffrine.
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81.50

96.90

74.01

54.76

100.00

62.12

-133.51

-45.27

51.05

80.31

64.19



Table 3.2: Summary statistics before/after matching forPAFA and control POsoutside PAFA regions

Before matching After matching Reduct

] 0
Treat. ﬁzr;txls value Treat. Control - in ?ias
Mean/SE E P Mean/SE Mean/SE (*0)

16.54 14.47 0.020** 16.47 15.46 15.31 0.88 1.77 89.25
Years since creation
0.67 0.59 . . 0.54 0.70
Number of members 3.73 3.65 0.296 5.34 3.70 3.68 0.85 2.31 56.72
(log) 0.06 0.05 . . 0.06 0.06
PO wasormalat 0.65 0.65 0.939 4.85 0.67 0.69 0.76 3.78 21.99
Cleaton 0.03 0.03 . . 0.03 0.04
0.35 0.53 0.00*** 34.81 0.40 0.43 0.63 5.95 82.90
Femaleorganization
0.03 0.03 . . 0.03 0.04
Hadan 1.95 1.99 0.026** 0.90 2.00 1.99 0.54 12.00 -1239
administrativeboard 0.01 0.01 ) ) 0.00 0.01
Area harvested at 3.08 2.39 0.000*** 34.33 3.03 2.98 0.79 3.32 90.32
creation (log) 0.10 0.09 . . 0.11 0.13
Funds available at 10.79 10.58 0.324 1.66 10.88 10.95 0.81 2.91 -75.77
creation (log) 0.14 0.15 . . 0.15 0.19
Rt A e 10.34 9.65  0.004**  21.00 10.41 10.30 073 408 8058
(log) 0.18 0.16 . . 0.19 0.21
Had a storage 0.12 0.05 0.003*** 6.64 0.08 0.09 0.80 3.77 43.21
facility 0.02 0.01 . . 0.02 0.02
Value chaimat
creation
Bissap 0.14 0.14 0.849 1.09 0.13 0.14 0.87 2.24 -106.67
0.02 0.02 . . 0.02 0.03
0.28 0.29 0.784 2.26 0.28 0.27 0.87 2.11 6.77
Maize
0.03 0.03 . . 0.03 0.04
0.74 0.67 0.082* 16.94 0.75 0.76 0.89 1.67 90.12
Mil let
0.03 0.03 . . 0.03 0.03
0.02 0.05 0.074* 20.80 0.02 0.02 0.87 0.98 95.28
Sorghum
0.01 0.01 . . 0.01 0.01
0.03 0.02 0.654 8.41 0.02 0.02 0.85 1.80 78.62
Rice
0.01 0.01 . . 0.01 0.01
0.05 0.01 0.004*** 3.11 0.01 0.01 0.74 341 -9.41
Sesame
0.01 0.00 . . 0.01 0.01
0.10 0.34 0.000*** 60.73 0.11 0.11 0.88 1.17 98.07
Horticulture
0.02 0.03 . . 0.02 0.02
-1
0.16 0.15 0.823 0.38 0.17 0.19 0.67 5.77
Aviculture 427.86
0.02 0.02 . . 0.03 0.03
No. of observations 258 283 . . 211 186

Note: Asterisks represent level of statistical significanceteft/chisquared test of difference in means. -&%; .05 - **; .1 - %;
Pointestimates are sample means. Standard errors are reported below.

Matching is done on 283 POs sampled from communes in adjacent regions outside PAFA intervention areas, namely, TambagaarthThies.
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After running propensity scorenatchingto obtain balancedroups,the second step consisted of
drawinga sampleof 65 treatedP Os , spBldvenOs,and 50fi p ur e 0 froro the coronios
supportidentified earlier Then, within each treated PO, 20 householdsre randomly selected
divided asfollows: 10 members who benefitted from SPAMwbmen and 5 men), and 10 ordinary
membergnon-SPAM, for brevity) who did not benefit from SPAM (5 women and 5 méef)e group
of ordinary members was samplénl be able to identify withi#PO spillover effeds e.g. indirect
effects from SPAM to noi$PAM membersin cases where the target number of housetuadkl not
be reached within a PAFA PO, an additional listexferves?Oswas employedThisissue arosé all

(or most) members of a P@ere SPAM benetiaries and therev e r eanyd(ar enough) ordinary
members or in cases where therereenough ordinary and SPAM members but theyefrom the
same households, ariderefore did notonstitute separate households. In each region, vRDs
randomly seleted to serve as replacement and account for such cases. The wesdriggered when
less than 8 SPAM members or less than 8 BBAM membersvereavailable for interviews. In such
cases the available membarsrecompleted anthereserve PQvasalso fully completedEventually

20 reserves from the PAFA list weaglditionallysampled taeach the expected sample siAdéong
with each PAFA PO sampled, one matching control PO within and one matching outside the PAFA
region were sampled.

Within ead spilloverand control PO8 membersvere randomly selectdd women and 4 menJThe
final POsample used for the quantitative data collectionsised of 220 POs 85 treated 86 spillover
and 51 pure control POsfor a total2233 households 8§35 SPAM householdsand 361 nonSPAM
households387from pure control POs; areb0from spillover POs) )distributedacross7 regions.

In the third stepof the analysishousehold level treatment effects were compdteth a starting

sample 022233 household$ropensity score matching was also conducted to assess the validity of the
counterfactual at household levékbles 3.3 to 3.5 present the summary statistics before and after
matching this timeat the household levefor 3 sets: the first between SPAMUseholds within

PAFA POs and control households within the PAFA regions; the second between the SPAM
households and control households outside the PAFA regions; and third where SPAM households
were matched to the entire group of households in the twmtratogroups combinedEven at
household level, the diagnostic tests conducted after matching (Rosembaum and Rubin bias) indicates
a reduction in the mean biag 10.6% with the control within sample, and 25.1 with the control
outside sample, and 13.8% whieoth controls are joirnk

Table 3.3 Summary statistics before/after matching for SPAM households vs contréiouseholds within the PAFA
regions

Before matching After matching

Reduct
c : ion
ontrol .
SPAM. SPAM Control in Bias
12.69 12.00 0.017** 12.52 12.872 34.25
Household Size
0.20 0.21 . . 0.19 0.239
0.09 0.12 0.144 7.02 0.09 0.093 0.96 0.24 96.59
Female head
0.01 0.01 . . 0.01 0.012
0.99 0.91 0.039** 9.95 0.98 0.987 0.94 0.47 95.29
Dependency Ratio
0.03 0.03 . . 0.03 0.027
Age of head 53.10 52.80 0.667 2.32 53.11 53.351 0.77 1.78 23.28
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Experienced a climatic
shock 5 years ago

Number of household
members on the PO
board

Baseline characteristics
(1=Improved,
0=Unimproved

Walls

Roof

Floor

Toilet

Electricity

Water source

Number of rooms

Belongs to Women PO

Size of PO (large)

PO created after 2010

Head edu==PRIMARY
INCOMPLETE

Head
edu==PRIMARY/MIDD
LE

Head
edu==SECONDARY
PLUS

Head edu==CORANIC

No. of observations

Point estimates are sample means. Standard errors are reported below.

Asterisks represemevel of statistical significance oftést/chisquared test of difference in mea@s%- ***; .05 - **; .1 - *;

0.47

0.15

0.01
0.21

0.02

0.23

0.01

0.03

0.01

0.39

0.02

0.14

0.01

0.11

0.01
0.34
0.02
4.26
0.08
0.32
0.02

0.30

0.02

0.72

0.02

0.08
0.01

0.07

0.01
0.02
0.00
0.34
0.02
835

0.52

0.15

0.01
0.26

0.02

0.20

0.02

0.05

0.01

0.41

0.02

0.20

0.02

0.20

0.02
0.38
0.02
4.22
0.09
0.48
0.02

0.30

0.02

0.61

0.02

0.09
0.01

0.11

0.01
0.03
0.01
0.31
0.02
650

0.940

0.063*

0.214

0.028**

0.386

0.010***

0.000***

0.126

0.697

0.000***

0.839

0.000***

0.336

0.032**

0.032**

0.308

22

0.64

3.43

10.98

13.05

23.59

1.12

31.01

0.14

21.81

4.95

10.63

10.74

0.47

0.15

0.01
0.21

0.02

0.22

0.01

0.03

0.01

0.39

0.02

0.15

0.01

0.11

0.01
0.34
0.02
4.24
0.08
0.33
0.02

0.30

0.02

0.71

0.02

0.08
0.01

0.08

0.01
0.02
0.00
0.34
0.02
820

0.547

0.151

0.014
0.218

0.018

0.213

0.016

0.028

0.007

0.388

0.020

0.142

0.014

0.122

0.013
0.339
0.019
4.276
0.095
0.338
0.019

0.321

0.019

0.733

0.018

0.071
0.010

0.075

0.011
0.018
0.005
0.347
0.019
650

0.95

0.83

0.86

0.91

0.97

0.83

0.64

0.90

0.83

0.71

0.50

0.45

0.78

0.96

0.76

0.79

0.41

1.08

1.17

2.30

1.42

2.06

4.14

4.10

151

0.25

1.43

36.59

87.01

68.63

95.46

95.09

91.05

90.25

92.08

-26.55

93.35

882.35

81.23

69.56

97.60

86.66

69.00



Table 3.4: Summary statistics before/after matching for SPAM households vs contrhbuseholds outside the
PAFA regions

_ Before matching After matching
Reduct

ion
SPAM in Bi

Control . Control in Bias
Mean/SE s Bl Megnls Mean/SE (%)

12.69 11.41 0.00%** 19.10 12.46 12.595 0.80 2.50 86.91
Household Size
0.20 0.28 . . 0.20 0.314
0.09 0.14 0.006*** 15.43 0.09 0.070 0.14 7.72 50.01
Female head
0.01 0.02 . . 0.01 0.014
0.99 0.92 0.118 9.01 0.99 0.921 0.24 8.76 2.72
Dependency Ratio
0.03 0.04 . . 0.03 0.034
53.10 52.45 0.439 4.05 53.01 54.001 0.38 7.31 -80.31
Age of head
0.47 0.70 . . 0.48 0.729
Experienced a climatic 0.15 0.21 0.006*** 14.92 0.16 0.172 0.64 3.90 73.83
shock 5 years ago 0.01 0.02 . . 0.01 0.020
Number of household 0.21 0.26 0.066* 10.90 0.21 0.192 0.54 4.40 59.69
members on the PO board 0.02 0.02 0.02 0.022
Baseline characteristics
(1=Improved,
0=Unimproved
0.23 0.22 0.617 1.85 0.22 0.238 0.74 3.16 -70.69
Walls
0.01 0.02 . . 0.01 0.023
0.03 0.01 0.008*** 7.94 0.01 0.005 0.16 8.07 -1.57
Roof
0.01 0.00 . . 0.00 0.004
0.39 0.53 0.000*** 26.68 0.40 0.397 0.88 1.22 95.41
Floor
0.02 0.03 . . 0.02 0.026
0.14 0.18 0.085* 9.26 0.15 0.160 0.74 2.92 68.50
Toilet
0.01 0.02 . . 0.01 0.020
0.11 0.22 0.000*** 29.95 0.11 0.123 0.70 2.52 91.60
Electricity
0.01 0.02 . . 0.01 0.018
0.34 0.36 0.409 6.50 0.33 0.376 0.32 8.84 -36.00
Water source
0.02 0.02 . . 0.02 0.026
4.26 4.63 0.008*** 16.10 4.27 4.438 0.32 7.43 53.84
Number of rooms
0.08 0.11 . . 0.08 0.106
0.32 0.57 0.000*** 49.69 0.33 0.331 0.95 0.47 99.05
Belong to Women PO
0.02 0.03 . . 0.02 0.025
0.30 0.24 0.045* 9.91 0.29 0.291 0.91 1.03 89.60
Size of PO (large)
0.02 0.02 . . 0.02 0.024
0.72 0.52 0.000*** 37.59 0.70 0.719 0.68 2.95 92.14
PO created after 2010
0.02 0.03 . . 0.02 0.024
Head edu==PRIMARY 0.08 0.06 0.309 5.06 0.07 0.048 0.17 9.47 -87.31
INCOMPLETE 0.01 0.01 . . 0.01 0.011
Head 0.07 0.06 0.542 3.41 0.07 0.071 0.91 1.00 70.75
edu==PRIMARY/MIDDLE 0.01 0.01 ) ) 0.01 0.014
Headedu==SECONDARY  0.02 0.04 0.012* 14.60 0.02 0.010 0.39 2.97 79.68
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PLUS 0.00 0.01 . . 0.00 0.005

0.34 0.29 0.070* 11.13 0.34 0.395 0.19 12.26 -10.19
Head edu==CORANIC

0.02 0.02 . . 0.02 0.026
No. of observations 835 387 . . 792 387

Note: Asterisks represent level of statistical significancetedt{chisquared test of difference in means-0%*; .05 - **; .1 - *;
Point estimates are sample means. Standard errors are reported below.

Matching is done on 2591 POs sampled from communes the PAFA intervention regions, namely, Diourbel, Fatick, Kaolacknend Kaffr

Table 35: Summary statistics before/after matching for SPAM households vsllacontrol households

Before matching After matching Reduct

SPAL Control SPAM Control - inig?as
MEEH/S Mean/sg | Pvalue Bias | Mean/SE | Mean/SE (%)
12.69 11.78 0.000%** 15.72 12.64 12.628 0.96 0.27 98.28
Household Size
0.20 0.17 0.19 0.194
0.09 0.13 0.020** 10.79 0.09 0.106 0.39 4.32 59.97
Female head
0.01 0.01 0.01 0.010
0.99 0.92 0.023** 10.09 0.99 0.968 0.58 2.87 71.56
Dependency Ratio
0.03 0.02 0.03 0.022
53.10 52.67 0.492 3.32 53.12 53.274 0.83 1.16 65.06
Age of head
0.47 0.42 0.47 0.456
Experienced a climatic 0.15 0.18 0.154 6.46 0.15 0.166 0.46 3.97 38.53
shock 5 years ago 0.01 0.01 0.01 0.012
Number of household 0.21 0.26 0.029** 10.00 0.21 0.215 0.89 0.68 93.15
members on the PO
board 0.02 0.01 0.02 0.014
Baselinecharacteristics
(1=Improved,
0=Unimproved)
0.23 0.21 0.260 4.35 0.23 0.220 0.79 1.46 66.46
Walls
0.01 0.01 . . 0.01 0.014
0.03 0.03 0.538 2.80 0.03 0.028 0.91 0.55 80.23
Roof
0.01 0.01 . . 0.01 0.005
0.39 0.46 0.003*** 13.52 0.39 0.398 0.84 1.07 92.06
Floor
0.02 0.02 . . 0.02 0.016
0.14 0.19 0.008*** 12.13 0.15 0.155 0.61 2.64 78.23
Toilet
0.01 0.01 . . 0.01 0.012
0.11 0.21 0.000%*** 26.50 0.11 0.122 0.53 2.71 89.76
Electricity
0.01 0.01 . . 0.01 0.011
0.34 0.37 0.138 7.07 0.34 0.366 0.30 5.58 21.06
Water source
0.02 0.02 . . 0.02 0.016
4.26 4.37 0.304 4.89 4.26 4.331 0.55 3.04 37.69
Number of rooms
0.08 0.07 . . 0.08 0.071
0.32 0.51 0.000*** 39.28 0.32 0.315 0.71 1.84 95.32
Belong to Women PO
0.02 0.02 . . 0.02 0.015
0.30 0.28 0.404 3.93 0.30 0.321 0.37 5.04 -28.32
Size of PO (large)
0.02 0.01 . . 0.02 0.015
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0.72 0.58 0.000*** 29.32 0.72 0.735 0.44 3.72 87.33
PO created after 2010

0.02 0.02 . . 0.02 0.015
o] e e TR AR 0.08 0.08 0.830 0.86 0.08 0.075 093 045  47.63
INCOMPLETE 0.01 0.01 . . 0.01 0.009
Head 0.07 0.09 0.202 5.82 0.07 0.084 053 332 4297
edu==PRIMARY/MIDD
LE 0.01 0.01 . . 0.01 0.009
Head 0.02 0.03 0.010"*  12.19 0.02 0.015 090 046  96.21
edu==SECONDARY
PLUS 0.00 0.01 . . 0.00 0.004

0.34 0.30 0.105 7.62 0.34 0.359 0.45 423 4455
Head edu==CORANIC

0.02 0.01 . . 0.02 0.016
No. of observations 835.00 1 037.00 . . 831.00 1 037.000

Point estimateare sample means. Standard errors are reported below.

Asterisks represent level of statistical significancetebt/chisquaed test of difference in meaf4 - ***; .05 - **; .1 - %;

3.2 Questionnaire and impact indicators

This impact assessmefi¢lded two survey instrumentthe household questionnaiwéhich contains
information on household demographics, agricultural production, other income generating activities,
and a shock/resilience modubnda PO-level questionnaie where adetailed account of PO activities,

their institutional structure, crop production, level of market access, and constraintswiaeed
recorded Using the data collected, the impact of PAWAs estimatedn householdevel indicators

such as agridtural production, economic wellbeing, and resilience, and at theld®@® on market
accessgcommercialization and asset levgihcome and crop diversification.

Household level indicators
Adoption of crops promoted by PAFA

Given the focus of thprojectwhich aimed at promoting crops diversificationmofllet, maize, niebe
and sorghum, this study estimatethe impact on the probabilityf cultivatng these cropand check
whether, thanks tthe PAFASPAM subsidy thergvereany substitutioreffed with different types of
crops

Agricultural production, productivity

The IA looked at agricultural production apdoductivity indicators ér the major crops that farmers
cultivated duringthe 2017 rainy seasorThese crops includéhe PAFA supported cropsand
groundnut The most commonly used agricultural production indicators are those pertaining to
production of crops or livestock. For crop production, crop yields usually defined as the output per
unit of land (kg/ha) are used. Additially, crop sale value are used as an alternative indicator for crop
production. For livestock production, the number of livestock units ovisieded. As a measure of
livestock units owned, the tropical livestock unit (TLU) was constructed by assigeigbta/to each
livestock type based on their weight. To measure agricultural productivity, the rate of production for
given inputs such as seeds, fertilizers, and pesticides areTisedeference period is the 12 months
prior to thebeginning of thesuney.
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Agricultural income

Amongeconomic indicators, agricultural and rural household income indicators are considered key in
assessing thampact of development policies. Crop income, livestock incam&grosshousehold
income indicators were used to evaluate the impact of the project on household v&itm=.
household income was defined as the total amount generated from agricultural sagticaltural
activities. This includes income generated from safesrops, livestock, and poultry, products from
crops, livestock and poultry, other farm income (e.g. hiring out of livestock for drafting and letting
farm property to others) and ndarm income (e.g. cash gifts, cash transfers, remittance, wage and
self-employment income)Crop income includeghe total value of crop sold, as well as the estimated
value of crops stored, consumed, used for seeds or animal feed, and other specificidastesk
income is income fromanimals and animal products.

Economic mobility

Economic mobilityindicatorsinclude both income and assets indicators which are the main impact
indicators at household level. The income indicapresented indicativtal gross incomeas well as
crop and livestock income.

Tomeasure longgtr m i mpact on househol dés welfare, asset bas
indicators. Hencdjve asset indices, i.¢aousing,durable, productive, livestocknd an overalissets

indices are additionally used to evaluate the welfare effect of the project. The asset indices aggregate

household stocks with different units into a single measure using aggregating weights from PCA or

MCA. For livestock assets, the TLU was alsastoucted as noted above.

Overall asset index that could be used as a solid measures for household estatam(€ilmer and

Scott, 2012)Theoverall asset index encompasfour indices to give a comprehensive pictafe
household wealth. These ieds includeadurable asset indeg,productive asset indea,livestock

asset index andhousing asset index. While the first three indices are computedthsipgincipal
components analysis (PCA) as the questions used to compute them are contirruoudtijle
correspondence analysis (MCA) was used to calculateahsing asset index givéine categorical

nature of their questions. For the overall asset index, the principal components analysis based on the
polychoric correlations implemented, whit allowsto combine both contimusbased indices with
categoricalbasednes (Kolenikov and Angeles, 2004).

Food insecurityand diet diversity

Reducing food insecurity for farmersase of the major objectives of PAFRietary diversityis a

qualitative measure of food consumption that reveals holgekcess to a variety of foadhich also
proxies for nutient adequacy of an individuatliet. To measure dietary diversity, the household

dietary diversity scorevasused Dietary diversity $ measured at household level following FAQO's
guidelines, which measure household ability to acté$eod groupsA household dietary diversity

scores (HDDS) is a simple count of food groups that a household or an individual has consumed over
the7 dayspreceding the interview (FAO, 2010).

The Food Insecurity Experience Scale (FIES) alas computed. The latter follows FAQO's

guidelines, which is based on eight questions that reflect household's access to adequate food during
2017 (over the last 12 mdrtt before the data collection). These questamsess whether 1) the

household worried that they would not have enough food to eat, 2) they were unable to eat healthy and
nutritious food, 3) they ate only a few kinds of foods, 4) they had to skip aB)¢laky ate less than
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you thought you should, 6) ran out of food, 7) they were hungry but did not eat, and 8) went without
eating for a whole day.

Crop and income diversification

Agricultural diversification is a concept of allocating resources to an increasing number of agriculture
activities. Diversification can be measured using different types of indices that could range from the
simple count index to more complex indices sashthe Shannon, Margaleff and Berger Parker
indices In this impact assessment, a humber of diversificatidicesare presentedSuchindices

take into consideration both the number of different crops and the share allocated to these crops.

Resilience

Given that there are several methodological approaches to build an indicator variable to explain
resilience, the impact assessment relied on various indicators to measure resilience. Among others, a
common approach developed as part of a household surmeljpaed in Ethiopia the Pastoralist

Areas Resilience Improvement and Market Expansion (PRIME) pr@jeahkenberger, 2015)is to

use polychoric factor analysis (PFA) to combine different-isdices to form a single resilience

index. A second approadb to usethe FAO RIMA Il model The first approach is used to measure
resilience in this impact assessment.

In addition, & a proxy for resilienceyn index defined as th®usehold's ability to recoveras
computed. Two versions of it are presented, foom all shocks and one for all thep five significant
shocks encountered over th2 monthsprior tothe start of the data collectionThe topfive

significant shocks used for the overall resilieimmex might be different from one farmers to another,
whereas for the orghock resilience indiceg, choice was made to focas the tofive shocks that
were encountered by most farmersSienegal They arelow rainfall (41%),crop pest$28%), hike n
input cost (25%), land grab (25%nd flood (22%) Theseresilience inttesareadjusted by the
severity of each shock to allocate different weight depending on shock severity. In addition to the
overall resilience index fall shocks, anthe topfive significant shocks that was encountered by
farmers inSenegatluringthe last 5 years

Market access

Market access was proxied by the extennafket participation (defined &se sale of crops in the
previous 12 months)thequantity ancamount of salesand whether crops were sold to a market
operator. The indicatorsere also used to ascertain whether having a SPAM subsidy and being in a
PAFA POs allowdor better market access outcomes

Producers Organizations (PO) level indicators

At PO level,indicators measuring the extent of commercialization/market access, income and crop
diversification, asset indices, and access fiormationwere computedVarketaccessand
commercializatiorwereestimated using the quantity of crop broutghthe PO by members for sale,

the guantity sold in the market, the value of crop sold, and the distance to the nearest market.
Diversification indices are count indices. Asset indices follow the same construction as those at the
household level, with hoawer different assetBinally, access to various types of information is
measured.
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3.3 Impact estimation

The estimation strategy presentiedthis IA reportdeviates slightly from the Impact Assessment
Plan (1A Plan). Estimation strategy ffom the IA gan is retained, while strategy 1, the regression
discontinuity design (RDDyvasno longer feasible. The RDD strategy relied on having atodhs
scores from the PO pigualification forms, which were not available upon request from the project
staff. nsequently, as per strategy 2 of the IA Pthe,analysiswasbasedsolelyon matching and
selection on observables estimatwach as thelnverse Probability Weighting Regression
Adjustment(IPWRA).

As noted, in order to accurately estimate the impadPAFA and more specifically the SPAM
subsidyonf a r magricsltéral production andelfare, itwasnecessary to explicitly account for
selection on observablé®mth at PO level and at household levelother wordsbeneficiaries POs
participation into PAFA might ndtavebeenrandomly assigned.

Given the demand driven nature of the participation into PAFA, there is the possibility of seeing
impacts driven by sef$election bias. For example, the@sh motvated and besirganized POs are
more likely to obtain information on the opportunity to apply for a SPAM, meghgeighere exists

a selection into fillingin a SPAM prequalification form and submitting iAn attemptwas made in

this study toreduce this kind of bias by controlling for all relevant observable PO characteristics as,
for example, education level of PO leaders, degree of remoteness of timhiROdentifying the
counterfactual Further, itwasjustifiable to assume that ndreneficiarieswere unlikely to realize

high results without the direct support of PAFA. If these assumptions hold, then contamination will
certainly result in a downward bias of the effect estimates but it is unlikely thdtigls will nullify

the estimated effects. Controlling for the presence of beneficiary POs in the village of residence,
distance to beneficiary POs in neighbouring villages, and inclusion of farm household frem non
beneficiary communities inside and odtsiof the project regionwould help to reduce the bias
resulting from contamination.

Unfortunately, i selection bias is preseng simple comparison between beneficiare®s
(treatment) and neheneficiariePOs(control) could leadto unreliable esthatesof impact In fact,
systematic (observable and unobservable) differences between treatment andPCsdrel likely

to exist even in absence of project participatida.mentioned aboyd?Oswith bettercapacity to
organizecould be more likelyto participate inPAFA and are also more likely to obtain higher
agricultural productivity regardless of the actual project intervention provided. In this case,
differences in agricultural productivity between treatnfeAFA POsand controlPOs might not be
entirely due to project participation, but rather to unobservBs characteristics that may also
include entrepreneuriaapacityand personality traitef the PO board membersMore formally,
under the potential outcome framework (R2951, Rubin 1974, the binary treatment indicat@

is equal to 1 if the individualr in this case the PQeceives the treatment and equal to 0 otherwise,
with "Q pf8 Ry . The potential outcomes are definedi®® . The most common parameters of
interest inthe evaluation literature are the average treatment effect on the treated (ATT) and the
average treatment effect (ATE), which are defined as:

z %Wp$ p WIS p (1)

Z %9p 9T 2)
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The ATT gives the effect on those who actually recethedtreatment, while the ATE represents the
average treatment effect on the whole population. The counterfactual mean for benefmies
%9 msp p should be observed for the ATT estimation and the two counterfactual means for
beneficiaries9 s p and norbeneficiaries9 p $§ 1 should be observed for the ATE
estimation. However, this is impossible in reality and, therefore, feasible substitutes of the

counterfactual means must be used.

In nonexperimental impact assessments, using the meaometof norbeneficiaries%9 1 b

T, instead 009 ms$ p leads to biased estimates of the ATT:
%p$ p WIS N z %NS p IS 1 (3
The difference between the left hand side of equation (3% ands the selfselection bias.

In order to obtain nbiased egnates of the ATT and the ATErgpensityscore matching (PSMwas
employedwith five nearest neighbouts determine a valid counterfactualthe PO-level in PAFA
regions and outside regions.

The matching strategy relies on two conditions: the common support condition and the conditional

independence condition (CIA). The common support condition can be defined as:
mn b8 0G ps8 p (4

This condition requires that each treatment obsemvati@s comparison control observations with
similar propensity score and that each control observatiosasdraparison treatment observations
with similar propensity score. The propensity sc&@ , is the probability to participate in the

project given aet of observable characterist@sThe ATT and the ATE can be identified only on the
area of the common support and observations off the common support region should be dropped.

The CIA requires that the potential outcomes must be independent on threetreeonditional on the
propensity score:
9pmmTUSshs (5

In order to have this condition satisfied, a set of control variakeshosethat are not influenced by

the treatment and that simultaneously influence the participation decisiore tprdfect and the
outcome variables. Omitting important control variables can seriously lead to biased estimation results
(Heckman, Ichimura and Todd 1997).

To be noted that, the ATT identification requires a weaker common support condition and a weaker
CIA:D$ ps8 pand9 t U$sb 8 . The weaker common support condition requires only that
each treatment observations have comparison control observations with similar propensity score. The

weaker CIA refers only to the potential outcotnert .
If the two comlitions are satisfied, the ATT can be estimated as follows:
4 %% p P8 p WINMP8MH n$ p (6)

The ATT and the ATEat household level werestimated using inverse probability weightiwith
regression adjustment (IPWRAft household levelwhere twot r e at nPARAt SPAMI
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beneficiaried and iPAFA ordinary membets (NON-SPAM) and two controls (control households
within POs in PAFA regions thespilloverc ont r o | or fAcontrol ind in brevit
within POs in outside project regioiist he pure contr ol or tofiletecinat r o | out ¢

impacts at household level.

The estimation strategy can be therefore summarized in four steps. In the first step, descriptive
statisticsat PO leveland the quality of the counterfactua! PO level were scrutinizedby looking at
the ttest on the equality of means of control variables between beneficiaries aeneditiaries
POsprior to matching. This test shows whether control variables, defined as variables that should not

be affected ¥ project participation, are balanced between the two groups.

In the second step, the propensity scaas computedthrougha pobit regression, to examine
whether the common support condition is satisf&dthe PQevel The Kernel density of the
estimated propensity score of all observations by treatment statspresenteth Figures2 and3 in
Appendix1. Such graphs are useful visuals for examining the distribution of propensity score across
treatment and control groups and the quality of the esfadtualat the PO level The common
support region is determined by dropping all observations whose propensity score is smaller than the

minimum and larger than the maximum in the opposite group.

Last, the PSM with five nearest neighbours afidhe analyst to assess its performance by looking
at the Rosenbaum and Rubin (1985) reduction bias stafi§tien though there is no clear successful
threshold of the reduction bias, in most empirical studies a reduction bias 2&¥ewdicates a gab
performance of the PSM procedure.

Before proceeding to the third step, and in order to improve the impact estimation, the sample is
restricted to thd®Oson the common support regiohhe common support region is also trimmed at

the lowest and highe&& of the propensity score.

In the third step, the impact estimation of the ATT and the ATBousehold level was conducted
using the IPWRA estimator Propensity score matching was also run prior to that, to identify the

covariate distribution after matciy.

In brief, the IPWRA estimatoiis suitable for observational studies where the selection into treatment

is not random, but rather a choice made by the subjects under study. IPWRA addresses the
endogeneity associated with this ssdiection (into tratment) by modelling both the outcome and the

treatment to account forthenonandom tr eat ment assignment. For this
robust o, whi ch means t hat only one of the two mod e
estimatethe treatment effects (in other words, the impact of the program) (Bang and Robins, 2005).

Due to this property, this estimator generates the most reliable and accuratecaraplised with

other selection on observable estimators

The IPWRA estimator usethe inverse of the estimated treatragmbability weights to estimate
missingdatacorrected regression coefficients that are subsequently used to compute the potential
outcome means.

 The Rosenbaum and Rubin (1985) reduction bias is the difference between the standardised bias before and after the
matching, i.e. the difference between: 3 " P MA—— and 3" p MA——, where 8 6 B 6

are the mean (variance) in the treatment and control group respectively before the matchingand8 6 B 6 are the
mean (variance) in the treatment and control group respectively after the matching.
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The estimates reported are average treatment effect on the trédit€l Mathematically, the
weightedleast squares regression equation to estimate ATT with the addition of covariates can be
written as follows:

Q| o+ TV 10aH (DR Vat-0 (5)

where (xis the outcome variable of intere$¥is the indicator for treatmenyois a vector of co

variates in the outcome equatio®,[is the sample average @b for the subsample of treated
householdsis the error term, and, | 1, and| 2 are parameters to be estimated. The matrix
containing the weights assigned to observations in the sample to estimate the ATT effects can be
specified as follows:

10=0 0 OT § &)

wherg (6,6) is the weight appliedhrepresentd¥&1,0 & is the estimated propensity score, anid
a vector of covariates (Lee, 2005).

The estimated ATT, or the beneficiary households can be expressed as follows:

0"Y¥EQ| $¥1)=Qewsd aoa$ ¥1)

IPWRA can onlygive an estimate of the direct impact of the project. However in the context of this

study, the presence of 4onspiloveesffects- FomfSBAMt mEmbers Ainterf
of PAFA POsto untreatednembers ofother POsis highly likely. Therefore in order to estimate

indirect impacts, a supplementary model was estimated tdrtak@ccount the possibility that there

are correlated effects (considered here exogenous or driven BA#® context) which depend on

the predetermined characte¢ids of individualsand other POs membeig,the neighbourhood of the

PAFA SPAM participants, e.g. the actual control farmagrghe POs in PAFA regions and outside

POs

Thereforein this setting, the following assumptions are made (Cerulli, 2017):

i)The unit potential outcome depends on its own treat
if) The assignment is mean conditionally unconfounded.

iii) The treatment is binaryéceiving the SPAM subsifly

iv) Potential outcomes have a parametric form.

The essence of the model is to estimates ATEs under CMI (conditional mean independence) when
neighbourhood interactions may be present. It incorporates such externalities within the traditional
Rubinés Potenti al Out come Mo d anpt to(réa® ¢ stabld gnit s uc h, it
treatment assumption (SUTVA), a frequent assumption that is made in observational studies.

In order to estimate ATES, the following will be implemented. Given an independent and identically
distributed sample of observed vatibfor each household i,

Gm o withi=1, ... N

1. A weighting matrixm= [| ] measuring some type of distance between the generic unit i
(untreated) and unit j (treated) will be estimated,;

2. Using OLS, a regression modelabn pp o) @r  offir} will be fit

3.Then,f A A K isobtained and put into the formulastof YO
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By comparing the formulas of the ATE with (2 [ 0)
estimatecheighbourhood biasis definel as

Bias = "YOUGQd 6 0 "YO U0 g ULs

This is the bias arising when one neglects peer sfie@ssessing treatment effects in observational
studies: it depends on the weights employed, the average of the observable confmnsigesed in

@w and the magnit ud® .Suchbiasmay be positived or regatva. Fuetheomore, n d

by defli gliinigalso possible to determine whether this bias is statistically significant by
simply testing the following ull hypothesis:

‘otD_ T

If this hypothesis is rejected, it would mean that neighbourhood effects are in place, thus significantly
affecting the estimation of the causal pt@imr amet er s o
an estimation of the neighbourhood bias for ATET and ATENT (average treatment effect on the
untreated).

It is of policy relevance to estimate the neighbourhood biaas this will lead to potential

underestimation of the impact of t&AM intervention Intuitively, if there is contamination, e.g. or
indirect effects, control farmers would have heard or even adopte8PA®/PAFA practices, and

they will have the same outcomds.there is contaminationthe PAFA impact, defined as the
difference in the outcomes of treatment and coritseill be small.

4. Profile of the project area and sample

4.1 PO census

POs in Senegal are part of a longstanding culture of village level organisation, and are relatively well
organisedThe census enumetedaround3300producerorganizations in the Groundnut Basind in
adjacent regionslable 4.1 presents statistics on the enumeration satigalggregated by PAFA POs,

POs in the PAFA region (control in), and POs in the outside regions (controlOougverage, two

thirds of organisations are formalizaddalmost all of thenhavean administrative boardPOs in the
sampleare heavily women run, with 53 percent being organizations of women producers, 41 percent
mixed gender organization and 5 percesith only male producer®?O members are mdgtfrom
vulnerable households all groups

Almost all the POs (98 percent) have an administrative board and three quarter of them have some
sort of mandatory financial contribution from membkTe size othese producer organizations can

vary between 5 and 2000 members, with an average of 77 members; although 95 percer@f all P
have less than 200 membeksiwrger organisations are oftéine awciations sportives etutturelles

(ASC9 with aless importat focus on agriculture.

The main crops cultivated across Pads groundnut (83%), bissap (48%), maize (49%), millet (85%),
sorghum (16 %), niebe (5%). Besides agriculture, PGseinvolved in a number of othexctivities
These activities are a source of financingsome instanceShe most important PO characteristics
employed to identify the counterfactual at F®el with propensity scorenatching were PO size,

4 Adhesion fees can be up to 10,000 CFA.
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whether the PGnembershipwas all female, the size of comunal farms, quantity harvested on these
farms, and the funds available to the P@satreation

Table 4.1- Descriptive statistics of the PO census

I N | wean | N[ wean | N | vean |

Full sample

PO is formal 3300 0.69 371 0.97 2643 0.65 286 0.7
PO has an administrative board 3300 0.98 371 1 2643 0.98 286 1
President is a woman 2492 0.66 279 0.48 2004 0.69 209 0.67
Age of the PO president 2492 50.5 279 54.3 2004 49.88 209 51.39

More than half of members are wome 3300 0.73 371 0.69 2643 0.73 286 0.75
More than half of members are young 3300 0.2 371 0.18 2643 0.19 286 0.34
More than half of members are disabl 3300 0.01 371 0.01 2643 0.01 286 0.01

More than half of members are poor 3300 0.53 371 0.5 2643 0.53 286 0.64

Value chain

Peanut 3298 0.76 370 0.64 2642 0.79 286 0.67
Bissap 3298 0.15 370 0.12 2642 0.15 286 0.14
Maize 3298 0.35 370 0.32 2642 0.36 286 0.29
Millet 3298 0.77 370 0.75 2642 0.79 286 0.67
Niebe 3298 0.33 370 0.31 2642 0.34 286 0.29
Sesame 3298 0.01 370 0.05 2642 0.01 286 0.01
Sorghum 3298 0.03 370 0.02 2642 0.03 286 0.05
Horticulture 3300 0.14 371 0.11 2643 0.12 286 0.34
Aviculture 3300 0.08 371 0.15 2643 0.07 286 0.15

4.2 PO sample

Comprehensiveata was collected from 2Z80ssampled from the matched POs in treatment, PAFA
regions and outside regions. In order to find counterfactual POs and fully address any potential PO
levelspillovers, POs were selected in the regions where PAFA operates as well in adjacent
communes ofhe regions of Louga, Tambacounda and Thies. The sample POs cover a wide territory

in 7 regions and 79 communes. Out of the 220 POs, there are 85 PAFA POs and 135 control POs with
51 outside the PAFA regions and 86 inside the PAFA regions. Informatidre characteristics of
theseorganisationstheir administrative structures, and characteristics ofdhemunitieswithin

which they operatevas collected as part of the Ré€vel survey
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Table 4.2Distribution of sampledPOs bygroup (PAFA POs, controlPOs in PAFA regions and
control POs in outside regions) and Region.

(%) (%) (%)
Number of Number of Number of
Female Female Female
POs POs POs
POs POs
30 16 0

Diourbel 36.7 41.2 0
Fatick 19 31.6 25 50.0 0 0
Kaffrine 20 10.0 23 56.5 0 0
Kaolack 16 50.0 18 44.4 0 0
Louga 0 0 0 0 6 33.3
Tambacounda 0 0 0 0 19 57.9
Thies 0 0 0 0 25 57.7
Total 85 31.76 82 48.81 50 54.90

Theseproducerorganizations have similar demographics, with about two third female members, a
third of members that are younger than 34 years, and between 2 and 4 percent members with a
disability. Thereare,however, a few differences that are worth notmthe distibution presented

above The sampledPAFA POs are less likely to be female organizations and tend to be larger with on
average 70 memberin terms of administrative structures, PAFA POs have presidents that are on
average older and less educated. Mored®&FA POsare more likely to charge a fee fioon

attendancef the group meetings. The main activities of these organizations are agriculture, livestock
rearing and trade. Control POs in the PAFA regions are likely to engage in livestockcévities.

PAFA POs are also moli&ely to be involved in the communities they operate in, engaging in
community cleaning ébrts (set settal) and various other social activities.

Table 4.31 Descriptive statistics of the PGlevel sample

Difference Difference
PAFA Control in Control out (PAFA/ (PAFA /
control in) control out)

PO Demographics

Distribution of FemalePOs (%) 31.80 48.88 55.00 -0.17* -0.23*
Number of members 78.29 50.61 50.61 15.71 27.69
Share of women in the PO (%) 67.90 75.00 75.30 -0.03 -0.07

Share of members younger than 34

years (%) 38.90 35.80 35.80 0.03 0.04

Share of members with a disability (%  2.39 3.89 3.03 -0.02 -0.01
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PO administration

President of the PO is a woman (%)
Age of the P(president

PO President is literate (%)

Shareof women in the board (%)

Share of board members that are liter:
(%)

Average age of board members
Share ofPOs that charge a late fee (%)
Information

PO received credit (%)

PO received a subsidy (%)
POreceived climate information (%)

PO received price information (%)

PO received production information
(%)

Services provided to PO members
Savings (%)

Financing (%)

Training (%)

Production advice (%)
Agricultural inputs (%)
Commercialization (%)

Activities that POs participate in
Agriculture (%)

Livestock (%)

Aviculture (%)

Trade (%)

Food processing (%)
Community cleaningsetsettal)(%)
Sport (%)

Animation (%)

51.8

54.29

31.8

63

10.1

45.94

34.1

15.3

2.35

81.2

70.6

47.1

70.6

42.4

30.6

20

12.9

11.8

96.5

43.5

9.41

42.4

5.88

17.6

2.35

8.24

58.30

51.24

36.90

65.50

12.00

45.70

21.40

8.33

5.95

77.40

77.40

45.20

77.40

50.00

23.80

11.90

14.30

3.57

96.40

36.90

4.76

32.10

4.76

7.14

1.19

2.38

35

70.6

52.84

31.4

74.8

155

45.67

21.6

3.92

80.4

84.3

39.2

76.5

60.8

19.6

13.7

17.6

7.84

90.2

70.6

9.8

39.2

3.92

5.88

-0.07

3.06*

-0.05

-0.03

-0.02

0.24

0.13

0.07

-0.04

0.04

-0.07

0.02

-0.07

-0.08

0.07

0.08

-0.01

0.08*

0.00

0.07

0.05

0.10

0.01

0.11*

0.01

0.059

-0.188*

1.45

0.00

-0.12

-0.05

0.27

0.13

0.153**

-0.02

0.01

-0.14

0.08

-0.06

-0.184*

0.11

0.06

-0.05

0.04

0.06

-0.27**

0.00

0.03

0.02

0.12

0.02

0.08*



The PAFA subsample is made up of@ganizations30 in Diourbel, 19 in Fatick, 20 in Kaffrine, and

16 in Kaolack. Half of these organizations e from PAFAO6s third generation,
second and 16 percent from the fgsneration (Table 4.4Yable4.5shows the breakdown by value
chainsupported under the SPAM subsidyiculture (11), bissap (15), millet/sorghum (24), niebe

(20), maize (9), sesame (4), ahalrticulture(2). Among these organizations, between 40 and 86

percent declared having received agricultural inputs in the form of seeds, fertilizer, and pesticides

(Table 4.6) Training on agricultural best practices and PGiaggment were administered to 19

percent of the PAFA sample. Nearly two thirds received agricultural materials from PAFA and 22
percent declared having had access to a market operator through PAFA. Noreaaiplesl PAFA
POsorganizations benefitted froamn irrigation scheme opad infrastructureipi st e)inrther al e s 0
communities invhich they operate.

Table 4.4 Distribution of sampled PAFA POs by generation.

First generation

Second generation

Third generation

PAFA POs

Region (2011/2014) (2012/2015) (ussely)

Diourbel 4 2 14 30
Fatick 4 9 9 1
Kaffrine 3 5 12 20
Kaolack 3 . 8 16
Total 14 e 43 8

Table 4.5 Distribution of sampled PAFA POs by generation and value chain.

Second generation

Value chain

First generation
(2011/2014)

(2012/2015)

Third generation
(2013/2016)

Aviculture 0 4 7 11
Bissap 0 2 13 15
Maize 0 2 7 9
Horticulture 0 1 1 2
Millet / sorghum 5 9 10 24
Niebe 7 10 3 20
Sesame 2 0 2 4
Total 14 28 43 85
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Table 4.6 Distribution of PAFA activities within the sampledPAFA POs

Seeds 86
Fertilizer 82
Pesticide 41
Training 19
Agricultural material 62
Market access 18
Management training 19
Storage 7
Irrigation 0
Rural roads (piste rurale) 0
Training on aviculture technique 13
Market operator 4
Credit 0

4.3 Household sample

The household data used in this analysis are from a samab®of2,233rural agriculturaf
householdsTable 4.7showsthe distibution of households by region afgy treatment statu835

SPAM households, 361 néBPAM households, 650 control households in the PAFA regions and 387
control households outside PAFA regions

Table 4.7 - Household sample distribution, by treament and control, by Region.

Treated POs Control POs
Region

sones | tisrt, | Patavons | Paearsgons |
AnControl AControl

Diourbel 302 185 134 0 621
Fatick 187 73 195 0 455
Kaffrine 187 68 183 0 438
Kaolack 159 35 138 0 332
Louga 0 0 0 48 48
Tambacounda 0 0 0 152 152
Thies 0 0 0 187 187

5 Non agricultural households were excluded from the sample (70).
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Total 835 361 650 387 2,233

Table4.8 presents descriptiveatistics of the survey sample, averaparacteristicare presented for
households belonging to SPAMon-SPAM, control in, control out anthe twocontrol groups

combined There are a number of significant differences that are worth noting. SPAM households are
on average larger in size than any other grauifis an average of 12 members, with a higher
dependency ratio. Compared to the control outside, SPAM households are less likely to be female
headed, and have a migrant. In terms of education, SPAM households have fewer years of average
education than cordl in households and have fewer adults with at least a primary education. In terms
of productive assets, SPAM housttware better off. They have more plots of landchpared to all

groups, a higher share of plokat have black nutritious sothat areirrigated and with a flat slope.

Table 4.8Descriptive statistics of household demographics

Variable

Demographics

Household Size 12.685 11.704*** 11.995** 11.406*** 11.775%**
Female head 0.092 0.116 0.115 0.145*** 0.126**
Dependency Ratio 0.991 0.975 0.913** 0.919 0.916**
Age of head in years 53.101 50.562*** 52.798 52.455 52.67
Average years of education 1.319 1.247 1.829*** 1.439 1.684**
Sgségt?;dults that have at least a primary 0.657 0.709%+ 0.676 0,725+ 0.694%+
Share of adults that are literate (%) 0.211 0.179* 0.257*+* 0.268*** 0.261**
Household has at least one migrant 0.172 0.139 0.172 0.124* 0.154
rl;l]c;t:].:ﬁgolds obtainectedit in the past 12 0150 0.139 0.182 0.111* 0.155
Household holds savings 0.092 0.08 0.097 0.171%** 0.124*
Received transfer 0.460 0.465 0.411* 0.421 0.415**
Agricultural holdings

Land area of family farms, HA 5.754 5.314 5.592 5.155 5.434
Number of plots 2.655 2.548 2.442% 2.039%** 2.291 %
Share of plots that are irrigated 0.010 O 0.001 0 0.001
Share of plots with black soil 0.327 0.266** 0.298 0.301 0.299
Share of flat plots 0.866 0.866 0.837* 0.796%** 0.822%**
Share oflots with an anterosion structure 0.035 0.045 0.022* 0.028 0.024*

® Stars represent the significance level of the difference in means between SPAM and the group mean
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Number of crops 2,516 2.379*** 2.302%** 2.218*+* 2.272%**

PO/PAFA variables
Number of board members in the household 0.211 0.083*** 0.255* 0.261* 0.257*
Number of PAFA members they know 26.410 14.338*** 3.097%** 0.519%** 2.135%*

Table 49 presents related descriptive statisfmsagricultural variableacross the samples along with
the test of significance of mean differences. PAFA in its desigauraged the uptake of cropsm
average SPAM households were more likely to grow millet, maize, sorghum, niebe, sesame, bissap
and even groundnut which was not part of the supported value but is an important crop in the area.
Non-beneficiay households witin PAFA POs seem taptakethe PAFA crops at the same level as
SPAM households, except for maize and bissap where they have a lower share of growers. SPAM
households reported using fertilizer (both organic and inorganic) on their plots more often than any
other group. The same isie for fertilizer useAdditionally, SPAM households have higher harvests
compared to the other groups for millet, niebe and bigsaper the project design, harvest sold to
market operator with a contractual guarantee was more prevalent among SPgeVidids.

Table 4.91 Descriptive statistics of production variables across all samples

SPAM NON SPAM CONTROL IN CONTROL OUT ALL CONTROLS
N =835 N=361 N=650 N=387 N=1037

Adoption (Yes =1)

Millet 0.91 0.91 0.01 0.89 -0.02 0.80 -0.11%** 0.86 -0.051%**
Maize 0.18 0.09  -0.085*** 0.14 -0.033* 0.13 -0.042* 0.14 -0.036**
Sorghum 0.05 0.03 -0.01 0.02 -0.024** 0.03 -0.02 0.03 -0.022**
Niebe 0.33 0.35 0.03 0.24 -0.088*** 0.19 -0.14%** 0.22 -0.107***
Sesame 0.02 0.01 0.00 0.01 -0.012** 0.01 -0.01* 0.01 -0.012**
Bissap 0.10 0.06 -0.040** 0.05 -0.050%** 0.02 -0.08*** 0.04 -0.060%***
Peanut 0.90 0.87 -0.02 0.87 -0.028* 0.80 -0.01%+* 0.84 -0.055***
Fertilizer use 0.73 0.64 -0.097*** 0.65 -0.088*** 0.52 -0.21%** 0.60 -0.135%**
Organic fertilizer use 0.55 0.54 -0.01 0.50 -0.050* 0.36 -0.19%** 0.45 -0.102%**
Inorganic fertilizer use 0.44 0.28 -0.164** 0.39 -0.051* 0.30 -0.14%* 0.36 -0.084***
Pesticide use 0.10 0.07 -0.03 0.07 -0.036** 0.07 -0.037** 0.07 -0.036***

Crop yield (kg/ha)

Millet 771.62 651.3 -120.29 784.29 12.67 592.6 -179% 712.75 -58.87
Maize 157.48  86.06 -71.418* 116.55 -40.93 47.66 -109.%** 90.84 -66.642**
Sorghum 18.18 9.61 -8.57 9.34 -8.84 56.07 37.892* 26.78 8.60
Niebe 117.80 70.94 -46.87 115.43 -2.37 145.7 27.95 126.74 8.94
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Sesame 4.71 2.90 -1.80 0.66 -4.047** 1.36 -3.34 0.92 -3.784**

Bissap 41.29 20.37 -20.921* 27.40 -13.89 54.57 13.29 37.54 -3.75

Peanut 991.65 1977 985.72 1155.6 163.93 681.92 -309.74  978.82 -12.84

Harvest (kg)

Millet 13339 998.4  -335.56** 1104.1 -229.89** 857.60  -476*** 1012.1  -321.8***
Maize 171.00 1137 -57.30 118.59 -52.42 62.69 -108*+* 97.73 -7133**
Sorghum 21.49 27.62 6.13 6.15 -15.34** 36.31 14.82 17.41 -4.08
Niebe 51.08 28.95  -22.124** 28.31 E22N(50 33.07 -18.009*  30.09 -21xx*
Sesame 5.45 4.04 -1.41 1.08 -4.37 5.17 -0.28 2.60 -2.85
Bissap 24.69 5.36 -19.335** 5.83 -18.86*** 2.97 -21.72* 4.76 -19.93***
Peanut 1526.3 1130 -396.1** 1690.8 164.45 986.61  -539*** 1428 -98.33

Harvest sold to market
operator (Yes=1) 0.12 0.12 0.00 0.09 -0.031* 0.07 -0.06*** 0.08 -0.041%**

The differences in the income indicators between SPAM and control in hédsene not stark (see

table 4.10. There are however a few notable differences in terms of crop income and other sources of
income, with SPAM households having on average higher crop incomadh&PAM and control
households outside the PAFA regions. However, control out househatdsigeg from sel

employment activities andon-agriculturalemployment activitiesDespite these differences, income
diversification is similar across the groups with on average 3 different sources of imcaenms of
assetsnonSPAM households are esvealthy than their SPAM counterparts.

Table 4.10 Descriptive statistics of economic mobility indicators across all samples

SPAM NON SPAM CONTROL IN CONTROL OUT ALL CONTROLS

\

Income indicators (in 1000 XOF)

Gross income 1100 760 340** 1100 -9 1400 370 1200 130
. -210***

Crop income 610 440 -170%** 570 -40 400 510 -110%**

Livestock income 110 7 -37 170 57 110 -4 150 35

Wage income from 6 3 3 2 4 0 6 5 4

agricultural

Wage income from

nonagricultural 140 110 -24 170 29 230 190 53

activities 90**

SRl 130 54 72 96 -30 650 300 180

income 520**

Transfer income 74 63 -11 56 -17 46 g 53 -21%*

Income

diversification
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Incomediversification

index (count) 3.31 3.26 -0.05 3.22 -0.09 3.18 -0.13 3.20 -0.105*
Income diversification

index (margalef) 3.18 3.13 -0.05 3.09 -0.09 3.05 -0.13 3.08 -0.105*
Income diversification

index (shannon) 0.36 0.35 -0.01 0.34 -0.02 0.34 -0.02 0.34 -0.02
Assets

Tropical livestock unit 3.58 2.89 -0.690** 3.33 -0.26 4.68 1.091%* 3.83 0.25
Overall asset index 1.31 1.10 -0.210%** 1.34 0.03 1.37 0.06 1.35 0.04
Durable asset index 1.56 1.32 -0.239%** 1.75 0.183** 1.84 0.279%** 1.78 0.219%***
iFr: ‘(;’ed;“’“"e LESEEe 1.67 138 -0286** 161 006 154  -0.124% 158  -0.085*
Livestock index 0.50 0.44 -0.058* 0.47 -0.03 0.60 0.103** 0.52 0.02

Table 4.11shows crop descriptive statistiobthe treatmensample for the supported value chains.
The millet value chain is the most prevalent with B®AM households. Yields in general remain low
with 848.88 kg/ha for millet and slightly higher numbers for malzhle 4.12 shows the same
information across alamples.

Table 4.11 Descriptive of production indicators by value chain(SPAM households)

Vel el Number of Area planted Harvest Yields Value of crop production
households (ha) ()] (kg/ha) (XOF)

Maize 971.34 894.53 159000
Millet 759 2.79 1467.54 848.88 269000
Sorghum 39 1.31 460.05 389.25 106000
Niebe 271 1.31 157.38 362.97 46508
Sesame 14 1.13 325 280.61 132000
Bissap 80 0.74 257.7 430.92 110000
Horticulture 4 0.72 325 2242.89 62912

Table 412 shows he most prevalent crop combinatiomghin the sampled households, notably
peanut and millet, followed by peanut, millet and niebe, then maize, peanut and niebe.

Table 412 Crop portfolio distribution by most prevalent crop combination across the 4groups
sampled (proportions).

Crop portfolio PAFA NON SPAM CONTROL IN CONTROL OUT TOTAL

Peanut / millet
Peanut / millet / niebe 0.21 0.11 0.12 0.05 0.18

Maize / peanut / millet 0.11 0.03 0.07 0.04 0.09
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Other combination 0.31 0.11 0.21 0.18 0.31

5. Results

This section presents the impact estimation results on the outcome and impact indicators described
the previous sectionfirst, treatment effects are computed for PAFA SPAM beneficiaries versus the
two oontrol groupscombined. Secondjiven the presence spillovereffects, impact estimates are
disaggregated and computed separately across the two different groups (controls inside the PAFA
regions and controls outside the PAFA regions).

Results fromwo different eéimators are presented. Tfiest reference estimation approach is the
inverse probability weighting with regression adjustment (IPWRA in the results tables He&su)ts
are also presented using a second estimation appiraglcich is used t@assess #possible bias in
the results due to the presencepilovereffects Focusing on a comparison between SPAM taed
control samplesombined these analyses explicitly quagtthe magnitude obpillovereffects. For
the sake of brevity, the discussiail only focus on significant resultsand isolate the possible bias
due tospillover based on neighbourhood effects (proxied by distance).

Based on the specific definitions of the indicators, the magnitudes of the impact estimates are either
expressedh levels or in percentages. Whenever convenient, however, the discussion of the results
may convert impact estimates from percentages to levels in order to illustrate the magnitude of the
effects relative to the control group means (which are all pregémievels).

5.1 Intermediate outcome indicators: Adoption

The first sets of results present treatment effects across adoptawmesNotably,intermediate
outcomes such as adoption of tmeps promoted by PAFA are examined fastl compared to the
prevalent crop, groundnut or peanéitcording to the project TO®AFA promoted crop
diversification and thefere farmers should have adoptéé promoted crops accordingly
(millet/sorghum niebebeans, bissap, sesam&gizé. In addtion, impact on adoption of various
inputs (fertilizers, total and disaggregated by organic and inorganic, as well as pgstqdesented.

Table 5.1Results on adoption of major crops andnputs

Adoptlon ndeators - freatment effect

Millet (Yes=1) 1856 0.0302** (0.0151)

Maize (Yes=1) 1856 0.0000171 (0.0203) 0.14
Sorghum (Yes=1) 1856 0.0131 (0.0104) 0.03
Niebe (Yes=1) 1856 0.0948** (0.0224) 0.22
Sesame (Yes=1) 1856 0.00889 (0.00590) 0.01

" Results based on the ntreatreg estimator are available upon request.
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Bissap (Yes=1) 1856 0.0684%++ (0.0118) 0.04

Peanut (Yes=1) 1856 0.0364** (0.0163) 0.84
Fertilizer use (Yes=1) 1856 0.0985*** (0.0231) 0.60
Organic fertilizer use (Yes=1) 1856 0.0629** (0.0246) 0.45
Inorganic fertilizer use (Yes=1) 1856 0.0807*** (0.0241) 0.36
Pesticide use (Yes=1) 1856 0.0241 (0.0147) 0.07

Results show that on average, PAFA SPAM beneficiaries had a larger probability of adopting the
crops in question than farmers in any of the two control grdRggarding the adoption of new crops,
it is niebe that stands out with a large 43% increase relative to the control. Maize adoption on the
other hand was not affected by PAFA as well as adoption of sorghum, sesame, and the use of
pesticidesRegarding thedoption of fertilizer, PAFA brought aboutlé % increase.

However, when the control groups are disaggregated (Table Bracts are much larger when
comparing SPAM with the comparison group in the outside regions (control out) given the absence of
spllover effects. This suggests that the presenapifovereffects in the PAFA regions, leads to an
underestimation of the potential impacts of PAFA

Table 5.2Results on adoption of major crops andnputs (disaggregated controls)

SPAM vs Control in SPAM vs Control out

Treatment Control Treatment Control
Adoption indicators
effect error mean effect error mena

Millet (Yes=1) 1470 0.00313 -0.02 0.89 1213  0.0664***  (0.02)

Maize (Yes=1) 1470 -0.00626 -0.02 0.14 1213 0.00325  (0.03) 0.13
Sorghum (Yes=1) 1470 0.0122 -0.01 0.02 1213 -0.00846  (0.02) 0.03
Niebe (Yes=1) 1470 0.0716*** -0.03 0.24 1213 0.108*** (0.04) 0.19
Sesame (Yes=1) 1470 0.0111* -0.01 0.01

Bissap (Yes=1) 1470 0.0580*** -0.01 0.05

Peanut (Yes=1) 1470 0.018 -0.02 0.87 1213 0.0937***  (0.03) 0.8
Fertilizer use (Yes=1) 1470 0.0555** -0.02 0.65 1213 0.235%** (0.04) 0.52
Organic fertilizer use (Yes=1) 1470 0.000919 -0.03 0.5 1213 0.209*** (0.04) 0.36

Inorganic fertilizer use

al 1470 0.0491* -0.03 0.39 1213 0.197*** (0.03) 0.3
(Yes=1)

5.2 Agricultural production and productivity

Tables 5.3 to 5.7 present treatment effects on production (quantities harvested, value of pragduction)
productivity indicators (crop yields) followed by input use indicators.

Theresults indicatéhat the harvests of millet, niebe and bissap are significantly higher for the SPAM
beneficiaries compared to the combined control group of farmers. Impacts can also be seen at
aggregate level, across quantities harvested from cerealgutiare and pulses. The effects on the
value of the production of millet, niebe and bissap are also remarkably large compared to
counterfactual farmers. Overall the effects on the value of the production vary from &ound
percentage points f@esameo 7 percentage point increasks niebe
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Table 5.3Results on production indicators

Production indicators Treatment effect

Total harvest millet (kg, log) 1856 0.327*+* (0.109) 1014.7
Total harvest maize (kg, log) 1856 0.0854 (0.123) 98.0
Total harvest sorghum (kg, log) 1856 0.0758 (0.0561) 17.5
Total harvest niebe (kg, log) 1856 0.407*** (0.102) 30.3
Total harvest sesame (kg, log) 1856 0.0497 (0.0313) 2.6
Total harvest bissap (kg, log) 1856 0.345*** (0.0543) 4.8
Total harvest peanut (kg, log) 1856 0.126 (0.122) 1435.5
Total harvest cereals (kg, log) 1856 0.307*** (0.103) 1135.1
Total harvest horticulture (kg, log) 1856 0.372*%** (0.0666) 36.7
Total harvest pulses (kg, log) 1856 0.407*** (0.102) 30.3
Total harvest oilseeds (kg, log) 1856 0.146 (0.122) 1438.1
Value of millet production (XOF, log) 1856 0.726*** (0.187) 170000
Value of maize production (XOF, log) 1856 0.0653 (0.227) 21722
Value of sorghum productiofXOF, log) 1856 0.155 (0.109) 4827
Value of niebe production (XOF, log) 1856 0.906*** (0.226) 10631
Value of sesame production (XOF, log) 1856 0.111* (0.0640) 1088
Value of bissap production (XOF, log) 1856 0.742%* (0.122) 2174
Value of peanuproduction (XOF, log) 1856 0.306 (0.206) 291000
Value of cereals production (XOF, log) 1856 0.663*** (0.175) 197000
Value of horticulture production (XOF, log) 1856 0.745%* (0.138) 6321
Value of pulses production (XOF, log) 1856 0.906*** (0.226) 10631
Value of oilseeds production (XOF, log) 1856 0.349* (0.204) 292000

Theresults presented in Table Sallow oneto dig deeper into selection issues. Here beneficiary
households are benchmarked separately againdbermeficiaries from PAFA target regions (control

in) and against neheneficiaries from adjacent regions where PAFA had no activities (canitpl
Theapproach does, unfortunately, not allow us to disentangle whether differences across these two
estimation approaches stem from-ppésting differences between SPAM and contnolarmers or
whether contrein farmers indirectly benefitted from PAFA whitdd to underestimation of the true
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effect in the estimations including SPAM and control in households. Effects, for example, on millet
production are huge&’8 percentage points) and highly significant in the comparison with farmers from
adjacent regiom This result would not be surprising, as PAFA strongly supported production of the
crop that was formerly produced mainly for household consumptighe comparison with control

in households, the effect is much smaller at ten percent and not sigréfiGdh This might

hypothetically indicate that contrgl farmers successfully delved into professiamélet production
alongside with the PAFA beneficiaries, despite not receiving direct support from PAFA.

Table 5.4Results on production indicators(disaggregated controls)

_ SPAM vs Control in SPAM vs Control out

Eraelisien fisleEtes Treatment Std. Control N Treatment Std. Contro
effect error mean effect error | mean

Total harvest millet (kg, log) 1470 0.105 (0.12) 1109.10 1213 0.780*** (0.17) 857.46
Total harvest maize (kg, log) 1470 0.0536 (0.14) e | 2 0.0808 0.18) g5
Total harvest sorghum (kg, log) 1470 0.105* (0.06) 6.22 1213 -0.111 (0.12) 36.40
Total harvest niebe (kg, log) 1470 0.313%** (0.12) 28.62 1213 0.446*** ©17) 4345
Total harvest sesame (kg, log) 1470 0.0571* (0.03) 1.09 1213 0.0451 (0.04) 5.18
Total harvest bissap (kg, log) 1470 0.304*** (0.06) 5.90 1213 0.334** (0.06) 297
Total harvest peanut (kg, log) 1470 -0.101 (0.13) 1704.53 1213 0.855*** (0.23) 987.35
Total harvest cereals (kg, log) 1470 0.0842 (0.11) 1241.41 1213 0.806*** (0.17) 058.01
Total harvest horticulture (kg, log) 1470 0.349*** (0.07) 51.82 1213 0.394*** (0.07) 11.39
Total harvest pulses (kg, log) 1470 0.313*** (0.11) 28.62 1213 0.446*** (0.17) 33.15
Total harvest oilseeds (kg, log) 1470 -0.0801 (0.13) 1705.62 1213 0.874** (0.23) 092,53
I\éZ')”e EH L presiEtem @45, 1470 0.102 (020)  joen00 1213 1865 (029) oo
?(’)Z')“e EHErE R VEIT POF | g0 0.0537 025) o145 1213 00731 (035 Lo
I\(/;'Zl)ue of sorghum production (XOF, 1470 0.192 0.12) aoa7 1213 -0.164 (0.23) 5703
Value of niebe production (XOF, log 1470 0.678*** (0.25) 8867 1213 1.024%** (0.37) 13570
I\!/)Z')“e ol SRR Ve Oe 1470 0.122* (0.07) 433 1213 0.107 008)  ,170
|\(/>Zl)ue ehilozsey prolEhn ROR | gy | gemre (0.13) sag7 1218 073 (014) oo
|\(/>Zl)ue EpERINL EREIEEN PR, | g -0.0466 (022)  4a0000 1213 1472%% (041 Lo 000
I\(/)Zl)ue of cereals production (XOF, 1470 0.0538 (0.18) 220000 1213 1,855+ (0.29) 159000
X(ag‘lf ‘l’g;‘)m“c“'t“re FreClEE el 1470 0.677% (015)  ggzo 1213 0808™  (016) o
?(’)Z')“e ofpulses production (XOF, 4474 o g7gwe 025)  gggy; 1213 1024%  (037) o0
I\(’)";')“e OIEIEEEIS pReilision BOF, | 506 | opmey (022)  gagpgp 1218 L1512 (041) L 000
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As expected by the PAFA project management unit, yields strongly increased as a result of the PAFA
support to PO memberSPAM beneficiaries experienced significant gaingiéhds In fact, nillet

yieldsfor SPAM beneficiariesvas nearly 30 percentage points higher than the combined control
farmers. Similarly, niebe, sesame and bissap yields increased respectively by 38, 5.5, and 37 percent.
For horticulture angulses yields exhibit productivity increases of almost 40 p&gerpoints.

Table 55 Results on crop productivity

SPAM VS ALL CONTROLS

Productivity indicators - Treatment effect

Millet yields (kg/ha, log) 1856 0.282%** (0.10) 710.6
Maize yields (kg/ha, log) 1856 0.0954 (0.12) 91.5
Sorghum yields (kg/ha, log) 1856 0.0648 (0.06) 27.0
Niebe yields (kg/ha, log) 1856 0.382** (0.12) 127.7
Sesame yields (kg/ha, log) 1856 0.0555* (0.03) 0.9
Bissap yields (kg/ha, log) 1856 0.374*** (0.06) 37.8
Peanut yields (kg/ha, log) 1856 0.152 (0.12) 983.4
Cereals yields (kg/ha, log) 1856 0.208** (0.09) 571.53
Horticulture yields (kg/ha, log) 1856 0.396*** (0.07) 50.2
Pulses yields (kg/ha, log) 1856 0.382** (0.12) 127.73
Oilseeds yields (kg/ha, log) 1856 0.169 (0.11) 826.68

Turning to the results disaggregated by control group samples, once again effects on millet
productivity ardarge(71% gain) and highly significant when SPAM beneficiaries are compared to
counterfactual farmers in outside regions. In the comparison wittrat farmers residing in PAFA
regions, the effect is much smaller (6%) and not significant. This might reflect pagsitdeer, and
presence of similar projecisthat adopted the PAFA approakctence generating similar gains for
comparison farmers in PAFA supported regions. Interesting to note, that effects on sorghum is now
significant (albeit only at 10% level), indicatingyain to PAFASPAM beneficiary farmers of about
10% when compared to other farmers in the same project regions. Effects remain positive and
significant for other supported value chains such as niebe, bissap and horticulture across all
comparison groups.

Looking at peanut yieldithe effect is not significantly different when one compares the benefits of
SPAM in PAFA regions, while the effect becomes huge once PAFA SPAM benefigiares

compared to control farmers in outside regions, this can be eaglainthe traditional focus on

peanut production in the PAFA regions, which certainly reduced compared to historical output levels

but is still much larger than in adjacent regions.
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Table 56 Results on crop productivity (disaggregated controls)

SPAM vs Control in

Productivity indicators VU Std. Control Treatmen Std. Control
effect error mean effect error mean

Millet yields (kg/ha, log) 1470 0.057 (0.11) 78124 1213 0.710%* (0.16)  592.95
Maize yields (kg/ha, log) 1470 0.036 (0.14) 117.66 1213 0.151 (0.17)  47.78
Sorghum yields (kg/ha, log) ~ 1470 0.101* (0.06) 9.44 1213 -0.209 017)  56.22
Niebe yields (kg/ha, log) 1470 0.256* (0.13) 116.68 1213  0.416% 0.20)  146.13
Sesame yields (kg/ha, log) 1470 0.0603* (0.03) 0.67 1213 0.0533 (0.04) 1.37

Bissap yields (kg/ha, log) 1470 0.324%* (0.07) 27.69 1213 0.376%* 0.07) 5472
Peanut yields (kg/ha, log) 1470 -0.0688 (0.12)  1163.81 1213  0.885%* (0.22)  682.78
Cereals yields (kg/ha, log) 1470 0.00943 (0.10) 602.4 1213  0.649* (0.16)  520.09
Eg?icu't”’e yielosikoha, 1470 0.363** (0.08) 4244 1213 0.434% (0.08) 63.13
Pulses yields (kg/ha, log) 1470 0.256* (0.13) 116.68 1213  0.416% 0.20)  146.13
Oilseeds yields (kg/ha, log) 1470 -0.0178 (0.12) 939.36 1213  0.825 (0.22)  638.99

Input usage was strongly affected by PAFA according to the estimates in Table 5.6. Fertilizer usage

increased by 41 percentage points , inorganic fertilizer by 35 % and usage of pesticides increased by a

highly significant 2.5 %Also the quality of fertilizers used improved as well as the expenditure for
fertilizer. These results are not surprising given
to these inputs.

Table 5.6Results on input use, rate of input use

SPAM VS ALL CONTROLS

Fertilizer use (kg/ha, log) 1856 0.411%* (0.135) 192.7
Organic fertilizer use (kg/ha, log) 1856 0.205 (0.147) 178.3
Inorganic fertilizer use (kg/ha, log) 1856 0.350** (0.0990) 14.4
Pesticide use (kg/ha, log) 1856 0.0258** (0.0130) 0.1
Quantity of seeds used (kg, log) 1856 0.0872 (0.0898) 55.4
Quantity of fertilizer used (kg, log) 1856 0.222* (0.115) 715
Quantity of pesticide used (kg, log) 1856 0.0230 (0.0155) 3.1
Seed expenditure (XOF, log) 1856 0.225 (0.197) 8512.0
Fertilizer expenditure (XOF, log) 1856 0.438** (0.222) 12232.5
Pesticide expenditure (XOF, log) 1856 0.0439 (0.0662) 129.3
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Similar results can be seen when impact estimates are computedtiaerves control samples
separately. Gains in fertilizer uses are much larger when one cag&1 beneficiarieso

comparison farmers in outside regions. Howgvesultsremain positive and significant, regardless of
the presence dapillovereffects in PAFA regions, for inorganic fertilizer use (20% percentage points),
and quantity of pesticide used (2.5%).

Table 5.7Results on input use, rate of input use (disaggregated controls)

_ SPAM vs Control in SPAM vs Control out

. Treatmen Std. Control eatment Std. Control
Input use indicators N
effect error mean effect error mean

Fertilizer use (kg/ha, log) 1470 0.0806 (0.151) 20531 1213  1.326%*  (0.219)  171.60
gga”ic st 0 U (e 1470 -0.162 (0.164)  187.71 1213  1.089"*  (0.222)  162.57
I'gg)rga”ic fertilizer use (kg/ha, 4,7 0.209* 0.111) 1760 1213 0869  (0.119) 9.03
Pesticide use (kg/ha, log ) 1470 0.0277%  (0.0131) 009 1213  0.0292*  (0.0125)  0.07
Quantity of seeds used (kg, log) 1470 -0.0661 (0.104) 7970 1213 0375  (0.111)  14.96
8;?”““’ siriendiber el e | g m 0.0599 (0131) 9135 1213 0733  (0.126)  38.54
8;?’““)’ sl LB Lk | g 00254+  (0.0153) 009 1213 00272  (0.0172)  8.17
Seed expenditure (XOF, log) 1470 0.114 (0227) 930631 1213  0.821%*  (0.256)  7188.86
l'!:) eg')ﬁ'ize' DEMERIS GO, 1470 0.126 (0.252)  15631.3¢ 1213 1411  (0.245)  6570.60
lF:) ‘;?“Cide SfEliliE PO g e 000653  (0.0778) 10428 1213 0127  (0.0859) 170.98

5.2 Economic mobility

When it comes to economic mobility, PAFA was very successful. Total gross income for direct PAFA
beneficiariesncreased by 11.3 percentage points (at 10% statistical significance) and income from
crop production increased by 4 p8rcentandfor livestock income by 56.8ercent All these are

obtained with varying levels of statistical significance (Table 5.8). Wage income from agriculture,
which was not supported by PAFA, does not show any significant changes, neither does income from
non-agicultural activities.Income from selemployment is negatively affected by the intervention,
suggesting that beneficiaries wdess likely to engage in sefmployment jbs,ratherchoosingo
increaseheir overreliance on agriculturéAs we will seen later tables, there is no significant impact

of PAFA on income diversification.
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Table 5.8Results on income and asset indices

SPAM VS ALL CONTRO

Economic mobility indicators Treatment effect

Total gross income (XORoQ) 1856 0.113* (0.0637) 1210000
Crop income (XOF, log) 1856 0.475%+* (0.103) 508000
Livestock income (XOF, log) 1856 0.563** (0.262) 150000
Wage income from agriculturaktivities(XOF, log) 1856 0.0374 (0.0592) 1524
V(\;(aogle:,i?c::;)me from nemgriculturalactivities 1856 0.0670 (0.220) 191000
Self-employment income (XOF, log) 1856 -0.318* (0.173) 305000
Transfer income (XOF, log) 1856 0.222 (0.281) 52041
Tropical livestock unit 1856 -0.0350 (0.0325) 3.8
Overall asset index 1855 -0.016 (0.03) 1.2
Housing asset index 1855 0.005 (0.01) 0.3
Durable asset index 1855 -0.028 (0.04) 1.3
Productive asset index 1855 0.006 (0.05) 1.6
Livestock index 1855 -0.058 (0.05) 0.7

Gains in crop income still remain for SPAb&neficiariesvhen samples are disaggregaitesbout 20
percentage point gain when comparing treated farmers with farmers in PAFA regions, and extremely
largegainswhen beneficiaries gains are compared to cofattral farmers in outside regions (113
percentage points)Livestock income exhibits similar results.

Table 5.9Results on income and asset indices (disaggregated controls)

) R Std. Control Treatment Std. Control
Economic mobility indicators N
error mean effect error mean

Total gross income (XOF, log) 1470 0.0526  (0.0682) 1070000 1213 0.337*** (0.115) 1450000
Crop income (XOF, log) 1470  0.206*  (0.104) 575000 1213  1.137%* (0.234) 397000
Livestock income (XOF, log) 1470  0.566*  (0.289) 173000 1213  0.992%* (0.378) 111000
bzl Tisalz e 2oLl 1470 0.0600  (0.0551) 2308 1213 -0.228 (0.181) 218
(XOF, log)

Wage income fromonagricultural 120 9755 (0.250) 167000 1213 0.432 (0.287) 231000
activities (XOF, log)

i‘;')f RIS OO | g | aam | @asm 06845 1213  -0.671** (0.283) 652000
Transfer income (XOF, log) 1470 0321  (0.312) 55620 1213 0.248 (0.451) 46079
Tropical livestock unit 1470  0.0120  (0.03) 3.34 1213 0.0799  (0.0690)  4.68
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Overall asset index 1469 -0.030 (0.03) 0.75 1212 0.0727* (0.04) 0.81

i e 1469  -0.007  (0.01) 0.23 1212 0.0283* (0.01) 0.29
Durable asset index 1469  -0.046  (0.04) 1.17 1212 0.036 (0.06) 0.91
Productive asset index 1469  -0.019  (0.05) 0.94 1212 0.251 % (0.07) 1.19

1469  -0.018  (0.05) 1.06 1212 -0.198%* (0.08) 0.23

Livestock index

The SPAM subsidy did not generate any impact on poverty indicators (based oni asbets)

comparing SPAM beneficiaries to the pooled comparison gftalple 5.10). Whedisaggregating

the comparisogroups, modest gains of up1@ %can be seen when one compares poverty outcomes
for beneficiarieswith farmers in outside regions. Results are not significant when Skidficiaries

are compared to farmers in PAFA regions. Here some negative effects are also present. This may be
due to election issues e.g. the fact that SPAM targeted the poorest and the most vulnerable members
within POs.Moreover, given the short time horizon of the impact assessment, this might suggest that
the effects observed on yields and incomes ateget trantated into accumulation of assets. This

might also be due to the character of the subsidy which isdinimg over time. Before investing into
assetsfarmersmight be certain that they are capable of keeping up oncibisédyis fully

withdrawn. To futher investigate this, a follow up study might look at hetereges effects across

PAFA cohorts.

Table 5.10Results on poverty indices

SPAM VS ALL CONTROLS

Poverty reduction indicators - Treatment effect

Above the overalassetbased poverty line, 40th percentile 1855 -0.014 (0.02)

Above the housing asskased poverty line, 60th percentile 1855 -0.012 (0.02) 0.40
Above the durable assbased poverty line, 40th percentile 1855 -0.007 (0.02) 0.60
Above the durablassetbased poverty line, 60th percentile 1855 -0.030 (0.02) 0.40
Above the productive assbased poverty line, 40th percentile 1855 0.004 (0.02) 0.60
Above the productive assbased poverty line, 60th percentile 1855 0.007 (0.02) 0.40
Above thelivestock assebased poverty line, 40th percentile 1855 0.000 (0.02) 0.60
Above the livestock asseised poverty line, 60th percentile 1855 0.019 (0.02) 0.40
Above the housing asskased poverty line, 40th percentile 1855 -0.010 (0.02) 0.55
Above thehousing assetased poverty line, 60th percentile 1855 0.023 (0.02) 0.38
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Table 5.11Results on poverty indices (disaggregated controls)

_ SPAM VS CONTROL IN SPAM VS CONTROL OUT

Treatment . Treatment . Control

Poverty reduction indicators effect o effect mean

Above the overall asséased poverty line,

e 1469 -0.009 002) 062 1212 0.026 (0.04) 05
ég&vseat?ci:glgsmg asseasedpovertyline, 1460 o024 (0.02) 041 1212 0.027 003 033
Qg&"set:‘;gt‘i‘l?b'e et oy s, | g e -0.023 (0.02) 058 1212  0.0569** (0.03) 0.53
gg&vS;:::(eegtlijlgble assemsed poverty line, 1,59 gosp1m  (0.02) 04 1212 -0.007 (0.03) 0.31
ﬁ‘::"fottuep‘;‘ég‘;fitlg’e ESSeEsEmoverl 1469 -0.002 002 062 1212 0.026 004 055
ﬁ‘::"gottuep‘;‘ég‘;fitlg’e ESTERHIOE | e 0.007 003) 037 1212 0.060 004) 038
ﬁgg]";etrc‘zg‘t’ifstoc“ e 2R EEERY N2 | e 0.013 (0.03) 059 1212  0.101** (0.04) 059
Qgg]";etrc‘zg‘t’ifsmk SRR R IS | iee | gams 003 04 1212 0.030 (0.04) 037
ﬁgg]";etl‘c‘zgt‘i’;smg assbhsed povertyline, 460 gozg7¢  (0.02) 052 1212 0.0531* (0.03) 058
Above the housing assbased poverty line, 1469 0.011 (0.02) 0.38 1212 0.037 (0.03) 0.33

60th percentile

5.3 Market Access

Market access outcomes, notably the probability of sellingsérofie previous 12 monttisexhibit
positiveresults SPAM farmers are more likely tll their millet harvestith an82 % higher
probability compared with the pooled control groypsida’51% higher probaitity of selling niebe
compared to all contrals

Table 5.12Results on market participation by crop

Market b Cipation ndlea
0.1

Harvest sold to market operator (Yes=1) 1856 0.0225 (0.0167)

Market participation millet (Yes=1) 1856 0.0981*** (0.0190) 0.12
Market participation maize (Yes=1) 1856 0.0179* (0.00960) 0.02
Market participation sorghum (Yes=1) 1856 0.00292 (0.00694) 0.01
Market participation niebe (Yes=1) 1856 0.0358** (0.0153) 0.07
Market participation bissap (Yes=1) 1856 0.0673*** (0.0103) 0.02
Market participation peanut (Yes=1) 1856 0.00891 (0.0222) 0.68

Results become significant when samples are disaggrefgateet likelihood of selling the harvest to
market operatorsSPAM households have a larger probability of selling to market operators compared

51



to comparison farmers in outside regions by an equivalent of mor® fencentage points (0.065%

significant athe 1% level). Given that such market operators are ptésdPAFA regions, the effects
remain positive but not significant in such regidnssitive results remain across the board for the

probability of selling millet and bissap

Table 5.13Results on market participation by crop (disaggregated controls)

_ Spit is AM vs Control in SPAM vs Control out

. Treatment . Treatment Contro
Market access indicators
effect effect error | mean

Harvest sold to market operator

e 1470 0.0233 (0.0179)  0.09 1213  0.0625%*  (0.0194)
mig‘f;)pamdpa“o“ millet 1470 0.0497%  (0.0225) 0.8 1213  0198**  (0.0172)  0.03
xitf;)pa”idpa“o“ maize 1470 000500  (0.0126) 003 1213  0.0371**  (0.0069) 0.0@
mrskfi)pamipa“o“ sorghum 4 17 0.00323 (0.0079  0.01

mrskfi)pamipa“o“ kS 1470 0.0268 (0.0175) 008 1213 00201  (0.0237) 0.06
mrskfi)pa”idpaﬁon sy 1470 0.0606%+  (0.0111) 003 1213 00749  (0.0102)  0.01
VI el e DL 1470 -0.0251 (0.0235) 073 1213 0.159%*  (0.0394)  0.59

(Yes=1)

Turning to quantities of crops sold by crop and value of sales, results are largely positive and
significant when comparing SPAM beneficiariegiie wholegroupof comparisorfarmers.Quantity

of crops sold artarger for beneficiaries by 54 percentage pointhé@tase of millet, 12% for maize,
18.5% for niebe, 33% for bissap, and 35% for horticulture. Similarly, value of sales fdrarelle
larger by more than 100%r millet, 20% more in the case of maiz&98 in the case of niebe, 73% in
the case of bissap, 76%time case of horticultural cro$able 5.14).

Table 5.14Results on quantity sold and value of sales

Market sales indicators - Treatment effect

Quantity of crop sold millet (kg, log) 1856 0.542%* (0.118)

Quantity of crop sold maize (kg, log) 1856 0.120** (0.0566) 14.6
Quantity of crop sold sorghum (kg, log) 1856 0.0190 (0.0367) 3.7
Quantity of crop sold niebe (kg, log) 1856 0.185** (0.0685) 11.1
Quantity of crop sold sesame (kg, log) 1856 0.0502** (0.0252) 14
Quantity of crop sold bissap (kg, log) 1856 0.333** (0.0480) 2.8
Quantity of crop sold peanut (kg, log) 1856 -0.00823 (0.156) 998.3
Quantity of crop sold cereals (kg, log) 1856 0.547** (0.127) 113.7
Quantity of crop sold horticulture (kg, log) 1856 0.353** (0.0600) 32.3
Quantity of crop sold pulses (kg, log) 1856 0.185*** (0.0685) 111
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Quantity of crop sold oilseeds (kg, log) 1856 0.0136 (0.155) 999.6

Value of crop sold millet (XOF, log) 1856 1.036*** (0.216) 16841.8
Value of crop sold maize (XOF, log) 1856 0.204** (0.103) 2441.0
Value of crop sold sorghum (XOF, log) 1856 0.0369 (0.0723) 1252.4
Value of crop sold niebe (XOF, log) 1856 0.393** (0.153) 3794.3
Value of crop sold sesame (XOF, log) 1856 0.111** (0.0524) 540.3
Value of crop sold bissap (XOF, log) 1856 0.734*+* (0.108) 1246.6
Value of crop sold peanut (XOF, log) 1856 0.0725 (0.271) 205000.0
Value of crop sold cereals (XOF, log) 1856 1.023*** (0.231) 20656.7
Value of crop sold horticulture (XOF, log) 1856 0.758** (0.126) 4883.1
Value of crop sold pulses (XOF, log) 1856 0.393** (0.153) 3794.3
Value of crop sold oilseeds (XOF, log) 1856 0.118 (0.271) 205000.0

Table 5.15resents the same results by estimating impacts using separate control.fRRexplks are
similar; SPAM beneficiariesold 119% larger quantities of millet compareaomtrol farmersn
outside regionand24%larger millet quanties compared to control farmers in the PAFA regions.

Table 5.15Results on quantity sold and value of sales (disaggregated controls)

SPAM vs Control in SPAM vs Control out

— Treatment Std. Contol Treatme Std. Control
Market Sales indicators N
effect error mean nt effect er| mean

Quantity of crop sold millet (kg,

1470 0.241*  (0.138) 139.03 1213  1.193**  (0.105)  20.78

log)

%;;‘”t'ty aiferefy sl ke K6, | g0y 0.0607  (0.0674)  23.20 1213 0.248**  (0.0435)  0.26
Ef(;arotg I e[ ek g i 1470 00397  (0.0378)  2.05 1213 0129  (0.0955  6.35
8;?”““’ ofcrop sold niebe (kg, 1470 gi71% (00743  7.91 1213 0.142 (0.121)  16.42
E?(;a?;g SRR 1470  0.0494*  (0.0286)  0.77 1213 0.060**  (0.0231)  2.31
8;?”““’ ofcrop soldbissap (k. 1,70 g3ogm  (0.0508) 351 1213 0.373**  (0.0468)  1.52
8;?”““’ SEEE S UG, | ueq -0.312*  (0.168) 1213.28 1213  1.065**  (0.255)  640.06
8;?”““’ GRS CERE S 150, | ju0q 0.240 (0.147)  165.06 1213  1.131*  (0.145)  28.03
a;a?;g ofcrop sold horticulture 4 17 g 3g1e  (0.0619) 4727 1213 04377  (0.0549)  7.47
ﬁ;s”‘”"ty ofcropsoldpulses (kg, 1470 ga71+  (0.0743)  7.91 1213 0.142 (0.121)  16.42
‘(f(;afgg sitorelp sl ellszeds 1470 0290  (0.167) 1214.05 1213  1.087**  (0.255)  642.37
I\(/)Z')”e aifiitelp Selbl e eeers 1470 0.478*  (0.253) 25284.2 1213  2.237**  (0.193) 277850
I\(/)Z')”e s el e GO, ey 0.0871  (0.126) 3634.14 1213  0.447**  (0.0773) 453.37
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Value of crop sold sorghum

(XOF. bg) 1470 0.0656  (0.0782) 1494.95 1213 0.227  (0.181)  848.45
I\(’)Z')“e ofcrop sold niebe (XOF, 1479  gaage  (0.170) 253313 1213 0334  (0.264) 5895.08
I\gzl)”e sy sl esare OS5 oy 0.109*  (0.0589) 311.04 1213  0.131**  (0.0484) 922.28
I\gzl)”e ofcropsoldbissap (XOF, ;70 gg7pe  (0.115) 143033 1213  0.844*  (0.104)  940.41
I\gzl)”e sy el PR GO, | oy 0449  (0.290) 2450® 1213  1.950%*  (0.453) 138000
I\ézl)”e sy el gareel s RO, | g0y 0.444* (0.268) 30491.0 1213  2.105**  (0.270) 4274.61
WL il ey el e e 1470 0.720% 0.132) 5500.31 1213  0.954**  (0.115) 3854.92
om0 . (0.132) . . (0.115) .

I\SZ')”e ofcrop sold pulses (XOF, 1,70 (g33ge  (0.170) 253313 1213 0334  (0.264) 5895.08
Xf‘c';":e T;g)’o" salleloliszzel 1470 -0.403 (0.289)  245000. 1213  1.995**  (0.453)  139000.

5.4 Resilience and food security

Table5.16displays the estimated project impacts regarding resilience (including crop

diversification) and food security outcomes such as the housshtiary diversity score. Besides

being a characteristic of the agricultural production undertaken, cropitioaisn can be also seen

as a proxy for resilience (i.e. greater crop diversity being associated with greater resilience). The

estimated results suggest that treated households are on average more diversified in terms of their

agricultural production remgydless of the diversity metricsuseithi s is in line with PAF/
targeting and encouragement at diversification.

Note that resilience indés are not statistically significafithe dietary diversity scorexhibits a

negativecoefficient, whichindicates that despite higher incomes and production diversity of SPAM
households, this doesndét translate in quality food.
suggesting that as incomes increases households might prefer better tasting food taqdality f

(Banerjee and Dufl®2017).

Table 5.16Results on resilience and food security

Resilience and food security indicators VLRI Std. err G
effect mean

Income diversification index (count) 1856 0.0771 (0.0589)

Income diversification index (margalef) 1856 0.0771 (0.0589) 3.1
Income diversification index (shannon) 1856 0.0166 (0.0173) 0.3
Crop diversification (count) 1445 0.147** -0.05 2.3
Crop diversification (margalef) 1445 0.0191*** -0.01 0.17
Cropdiversification (shannon) 1445 0.0633*** -0.02 0.68
Crop diversification (berger parker) 1445 0.0924*** -0.03 1.74

8 Notice that for both the Shannon and the Berger-Parker indices larger figures indicate lower diversity
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Resilience index (PRIME), normalized 1250 0.176 (0.745) 42.3

Ability to recover (all shocks) 1250 0.00408 (0.0741) 3.2
Ability to recover(5 major shocks) 1070 0.0847 (0.0808) 3.2
Household dietary diversity score 1851 -0.359%* (0.121) 7.0
FIES 1856 0.131 (0.115) 2.9

Table 5.17Results on resilience and food security (disaggregated controls)

SPAM vs Control in SPAM vs Control out
Resilience and food security Treatment Control Treatmen Control
indicators effect error mean t effect error INEEL
Income diversification index (count 1470 0.0554 (0.065 1213 0.103 (0.102)
Income diversification index
(margalef) 1470  0.0554 (0.069 3.08 1213  0.103 (0.102) 3.06
Income diversification index
(shannon) 1470  0.0162 (0.019 1213  0.0300 (0.0279) 0.34
Cloplavelsificationl(Golint) 1445 0147+  (0.045 231 973 0.101* (0.0587) 2.22
Crop diversification (margalef) 1445 00191  (0.00§ 0.17 973 00132*  (0.0076) 0.16
Clopldivers ficationl(Gnapron) 1445  00633**  (0.01§  0.69 973 0.0572%  (0.0251) 0.68
Crop diversification (berger parker) 1445 g ogoax+  (0.0%) 047 973 0.0658 (0.0401) 3.58
Resilience index (PRIME),
e 1023  -0.0336 (0.825) 42.45 811 0.135 (0.847) 42.06
Ability to recover (all shocks) 1023 0.0737 (0.082 3.16 811 -0.344** (0.108) 3.37
Ability to recover (5 major shocks) 870 0.159* (0.088 3.16 707 -0.0513 (0.118) 3.34
Household dietary diversity score 1465 -0.420*** (0.136) 6.95 1208 -0.0106 (0.188) 7.08
FIES 1470  0.114 (0.129) 2.99 1213 0.299* (0.165) 2.70

5.5 Disaggregation (Subgroup analysis)

On yield indicators, SPAM households that were members of youth POs enjoyed double the gains
compared to members of other POs. Similarly, in terms of total harvest and value of production, youth
POs are better offlonethelessother types of POs are ontyarginally better off in terms of crop

income.
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Table 5.17Results on production, income and assetiisaggregatedby youth

Treatment Control Treatmen Control
Productivity indicators
effect Erro mean t effet Err INCEY]

Millet yields (kg/ha, log) 0515  (0.19) 711.95 1215  0.271*  (0.13)  709.76
Maize yields (kg/ha, log) 642 0.216 (0.21) 81.32 1215 00102 (0.16)  97.81
Niebe yields (kg/ha, log) 642 0650  (0.22) 11133 1215  0.330*  (0.14)  138.03
Bissapyields (kg/ha, log) 642 0678  (0.13) 1245 1215 0.250**  (0.07)  53.78
Peanut yields (kg/ha, log) 642 0.266 (0.21) 1021.24 1215 0.15 (0.14)  959.57
Cereals yields (kg/ha, log) 642  0.353*  (0.17) 54553 1215  0.222*  (0.12)  587.86
Horticulture yields(kg/ha, log) 642 0636  (0.14) 3438 1215  0.304**  (0.09)  60.14
Pulses yields (kg/ha, log) 642  0.650**  (0.22) 11133 1215  0.330*  (0.14)  138.03
Oilseeds yields (kg/ha, log) 642 0.246 (0.20) 911.02 1215 0176  (0.14) 77371

Production indicators

Total harvest millet (kg, log) 642 0.558%** (0.19) 889.40 1215 0.325** (0.14)  1093.41
Total harvest maize (kg, log) 642 0.145 (0.22) 67.96 1215 0.0198 (0.16) 116.87
Total harvest niebe (kg, log) 642 0.571%+* (0.20) 23.65 1215 0.379*** (0.12) 34.51
Total harvest bissap (kg, log) 642 0.638*** (0.12) 6.86 1215 0.230*** (0.06) 3.50
Total harvest peanut (kg, log) 642 0.243 (0.22) 1286.88 1215 0.095 (0.15) 1528.86
Total harvest cereals (kg, log) 642 0.466*** (0.18) 964.16 1215 0.328* (0.13) 1242.48
Total harvest horticulture (kg, log) 642 0.597*** (0.13) 76.34 1215 0.291%** (0.08) 11.73
Total harvest pulses (kg, log) 642 0.571%** (0.20) 23.65 1215 0.379*** (0.12) 34.51
Total harvest oilseeds (kg, log) 642 0.237 (0.22) 1292.17 1215 0.126 (0.15) 1529.81

Value of millet production (XOF, log) 642  1.124***  (0.33) 143000 1215  0.762**  (0.24) 186000

Value of maize production (XOF, log) 642 0.157 (0.41) 17299 1215 -0.027 (0.28) 24501

Value of niebe production (XOF, log) 642 1.317** (0.43) 7887 1215 0.836*** (0.27) 12355

Value of bissap production (XOF, log) 642 1.406*** (0.26) 2467 1215 0.481*** (0.13) 1990

Value of peanut production (XOF, log) 642 0.403 (0.37) 265000 1215 0.346 (0.26) 307000

Value of cerealproduction (XOF, log) 642 0.895*** (0.30) 162000 1215 0.757*** (0.23) 219000

Value of horticulture production (XOF,

log) 642 1.304*** (0.28) 10881 1215 0.537*** (0.16) 3456

Value of pulses production (XOF, log) 642 1.317%* (0.43) 7887 1215 0.836*** (0.27) 12355

Value of oilseeds production (XOF, log) 642 0.394 (0.37) 268000 1215 0.41 (0.26) 307000

Economic mobility indicators
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Total gross income (XOF, log) 642 0.112 (0.11) 1070000 1215  0.0902  (0.09) 1310000

Crop income (XOF, log) 642  0561**  (0.17) 451000 1215 0.567**  (0.14) 544000

Livestock income (XOF, log) 642 0.991* (0.47) 209000 1215 0.419 (0.33) 113000
Wage income from agricultural (XOF,
log)

Wage income fronmon-agricultural
activities (XOF, log)

642 0.056 (0.06) 0 1215 0.0226 (0.09) 2481

642 -0.0195 (0.38) 229000 1215 0.0793 (0.28) 167000

Self-employment income (XOF, log) 642 0.0559 (0.33) 116000 1215 -0.600*** (0.22) 424000

Transfer income (XOF, log) 642 0.69 (0.49) 48421 1215 -0.107 (0.35) 54315
Tropicallivestock unit 642 -0.0739 (0.05) 3.55 1215 0.013 (0.04) 4.02
Overall asset index 641 0.0874 (0.06) 1.14 1214 -0.0741* (0.04) 1.15
Housing asset index 641 0.0155 (0.02) 0.29 1214 -0.00714  (0.01) 0.32
Durable asset index 641 0.134 (0.10) 1.28 1214 -0.141** (0.07) 1.32
Productive livestock index 641 0.114 (0.09) 1.64 1214 -0.0110 (0.06) 1.59
Livestock index 641 -0.0784 (0.05) 0.64 1214 -0.0395 (0.06) 0.65

The results diaggregated by gender are more edxand crop dependent. SPAM beneficiaries
belonging to women POs experience higher yields than the control group for niebe and bissap.
However, in the case of millet and horticultyrelds, beneficiaries from mixearganizations had

higher gains. At the exception of millet, gains in crop haraedtvalue of production are higher for
members of female organizat®than other types of POs. These gains translated into higher income
gains. Beneficiaries from female POs experienced a 40 percent increase in gross income as a result
of the interventia, while beneficiaries from nefemale POs did not see increases in their incomes,

but rather a decline which is however not significant.

Table 5.18Results on poduction, income and assets daggregated by gender

WOME N

Productivity indicators N eatmen | Std. | C Control
teffect | Error mean mean
791

Millet yields (kg/ha, log) 0126  (0.17) 689.39 1066  0.369%* (0.13)  732.80

Maize yields (kg/ha, log) 791 0.3 (0.20) 4519 1066  -0.00732  (0.16)  139.82
Niebe yields (kg/ha, log) 791  0.465*  (0.20) 13124 1066 0.314* (0.15)  124.05
Bissap yields (kg/ha, log) 791 0.371%  (0.12) 2213 1066  0.364% (0.08)  54.24

Peanut yields (kg/ha, log) 791 0.345*  (0.20) 928.68 1066 0.0571 (0.15)  1040.54
Cereals yieldgkg/ha, log) 791 0.18 (0.16) 583.03 1066 0.238* (0.12)  559.50
Horticulture yields (kg/ha, log) 791 0.391%  (0.13) 2823 1066  0.400%** (0.09)  73.19

Pulses yields (kg/ha, log) 791  0.465*  (0.20) 131.24 1066 0.314* (0.15)  124.05
Oilseeds yields (kg/hdpg) 791 0.341*  (0.19) 768.59 1066 0.0855 (0.14)  887.44
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Production indicators

Total harvest millet (kg, log)

Total harvest maize (kg, log)

Total harvest niebe (kg, log)

Total harvest bissap (kg, log)

Total harvest peanut (kg, log)

Total harvest cereals (kg, log)

Total harvest horticulture (kg, log)

Total harvest pulses (kg, log)

Total harvest oilseeds (kg, l0g)

Value of millet production (XOF, log)

Value of maize production (XOF,
log)

Value of niebe production (XOF, log)

Value of bissap production (XOF,
log)

Value of peanut production (XOF,
log)

Value of cereals production (XOF,
log)

Value of horticulture production
(XOF, log)

Value ofpulses production (XOF,
log)

Value of oilseeds production (XOF,
log)

Economic mobility indicators

Total gross income (XOF, log)

Crop income (XOF, log)

Livestock income (XOF, log)

Wage income from agricultural (XOF,
log)

Wage income fronmon-agricultural
activities (XOF, log)

Self-employment income (XOF, log)

Transfer income (XOF, log)

Tropical livestock unit

Overall asset index

Housing asset index

Durable asset index

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

791

0.125

0.279

0.494***

0.389***

0.277

0.25

0.418***

0.494***

0.28

0.588*

0.427

1.277*%**

0.868***

0.535

0.763**

0.892***

1.277*%**

0.539

0.394***

0.459***

1.630*+*

0.053

0.268

-0.312

1.117*

0.0295

0.00493

-0.0501

0.0635

(0.18)

(0.19)

(0.16)

(0.12)

(0.21)

(0.17)

(0.12)

(0.16)

(0.22)

(0.31)

(0.36)

(0.38)

(0.24)

(0.35)

(0.30)

(0.25)

(0.38)

(0.35)

(0.13)

0.17)

(0.42)

(0.05)

(0.34)

(0.29)

(0.47)

(0.05)

(0.01)

(0.10)

(0.08)
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867.05

55.09

26.64

6.24

1240.37

926.74

12.91

26.64

1240.75

141000

16134

9818

2276

248000

160000

4803

9818

248000

936000

425000

57856

189000

210000

44506

3.56

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1066

1064

1064

1064

0.407*+*

-0.0104

0.354*+*

0.313*+*

0.0256

0.333**

0.353**+*

0.354*+*

0.0543

0.772%+*

-0.121

0.705**

0.667*+*

0.154

0.620***

0.686***

0.705**

0.215

-0.0237

0.445***

0.0583

0.0554

0.0572

-0.271

-0.25

-0.0655

0.00743

-0.0570

-0.0190

(0.14)

(0.16)

(0.13)

(0.06)

(0.16)

(0.13)

(0.08)

(0.13)

(0.16)

(0.24)

(0.29)

(0.29)

(0.14)

0.27)

(0.22)

(0.16)

(0.29)

(0.26)

(0.07)

(0.14)

(0.34)

(0.07)

(0.28)

(0.21)

(0.35)

(0.04)

(0.01)

(0.07)

(0.06)

1169.10

142.87

34.17

3.29

1639.56

1352.99

61.49

34.17

1644.53

200000

27566

11482

2068

336000

235000

7908

11482

338000

1500000

595000

247000

3117

193000

405000

59921

4.14

1.25

0.31

1.41



Productive asset index 791 -0.00833  (0.06) 1.43 1064 -0.0349 (0.04) 1.80

Livestock index 791 00216  (0.05) 055 1064 -0.0602 (0.05) -

5.6 Spillover effects

This section presents the results ongpiloveranalysis to assess the presence of bias based on the
distance of the control POs from the PAFA PTables A3.1to A3.8 in Appendix 3 hold the results

for the analysis. The first column of results sholeséstimation of treatment effects taking into
consideration the proximity of control POs to PAFA POs (ATE witlghbourhooffects), and the
second column shows the treatment effects withoutd¢ighbourhooeffects. The bias caused by not
accounting ér neighbourhooeffects is presented in thest two columnsOverall, ignoring
neighbourhoo& f f ect s | eads to an underestimation of

In terms of productivityneglecting neighbourhood effects (defined as effects freated units to

control units) would lead to an underestimatifmprojectimpact in millet yields by 3% and 40% for
niebe yields. Similarly, the bias is around 30 percent for total harvest of millet and niebe, but around
1% for bissap; the value of gg@roduction for millet presents a 59 % underestimation. Average
treatment effects are underestimated®8% for crop income and 122% feel-employmenincome
whenneighbourhoo@ffects are not taken into account. This indicatesttteaturther away cdrol

POs are from PAFA POs, the stronger the treatment effect.

Market access indicators show a small but positive bias; which is at 4% for millet and 2.5% for bissap,
suggesting that not taking into accoueighbourhooeffects overestimates treatmerfeets. Similar

results are found for the quantity and value of crop sold for millet and bissap with an overestimation
bias ranging between 2 and 6@sop diversification (count) is overestimated by 1T%ese results

indicate the presence of strong spitoeffects in areas near PAFA POs. Ignoring these effects
underestimates project impacts.

Results on noAsSPAM

In this section we present resultsspilloverwithin the PO; members of PAFA POs that did not
receive SPAM are compared with the control groups. Tables A2.1 ta\A@pendix 2hold the
results of this analysis.

On adoption indicators, neBPAM members are more likely to adopt the targeted cropisgat
exception of maize) and use fertilizer than the outside control group. This suggests the presence of
spillovereffects within POs. Similar results are found on the value of crop production, total harvest,
and yields, which are higher for the Non SP&Ktept for maize, which is lower.

In terms of economic mobility, neBPAM households have higher crop and livestock income than
both controls. However, similar to SPAM households-seiployment income is lower. Estimates
for gross income are not sigrufint. Asset indices are persistently negative as well.

Compared to controls inside the regions of intervention, there is no significant impact of belonging to
a PAFA PO and not receiving SPAM on market participation. Howeveg-vis the control outsiel

the region, gains are significabhton SPAM households were more likely to sell their harvest with
theirquantity of crop sold increased by 121 % in the case of millet, 14.7% for maize, 7% for sesame,
and 11% for bissap. These gains are large and suggégsh at non SPAM al so ben

%In the case of bissap, the treatment effects are similar, and there is therefore no bias.
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